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rPiEFATORY  NOTE  TO  THE  THIllD  ENGLISH  EDITION. 


In  offering  to  the  Profession  this  Third  English  Edition,  I  would 
only  say  that  the  whole  work  has  again  .been  thoroughly  revised  and 
in  many  parts  extended.  In  all  respects  I  have  endeavoured  to  keep 
u  abreast  of  the  latest  investigations  in  Physiology  and  their  bearing 
on  Practical  Medicine  and  Surgery. 

I  have  again  to  thank  my  publishers  for  enabling  me  to  enhance 
the  usefulness  of  tlie  work  hy  very  numerous  additions  to  the  Illustra- 
tions, which  now  number  (392  as  compared  with  the  494  of  the  First 
Edition.  Many  of  these  new  engravings  are  original ;  others  are 
derived  from  the  6th  German  edition  of  the  work,  from  Stohr's  Lchrluch 
do-  Histologic,  Quain's  Anatomy,  Ferrier's  Functions  of  the  Brain  (2nd 
Edition),  H.  Obersteiner's  Anleitung  hcim  Studium  des  Baues  der  nervdsen 
Cmtralorganc,  Rollett's  Article  on  "Muscle"  in  the  Eeal-Encydopoidie, 
CJowers'  Diseases  of  the  Nervous  System,  and  most  of  those  for  the 
chapter  on  Reproduction  from  Haddon's  Introduction  to  Emhryology. 

In  addition,  I  have  to  tender  special  acknowledgments  to  my 
colleagues  and  friends,  Professors  A.  H.  Young,  James  Pioss,  A.  W.  Hare, 
and  Dr  Aug.  D.  Waller ;  as  well  as  to  Messrs  Carl  Reichert  of  Vienna, 
W.  Petzold  of  Leipzic,  Rothe  of  Prague,  Maw,  Cassella,  Krohne  and 
Sesemann,  Evans  &  Wormall  of  London,  and  Ferries  &  Co.  of  Bristol. 

For  the  first  time  the  work  appears  here  in  one  volume — an  arrange- 
ment adopted  both  to  meet  the  wishes  of  Students  and  to  facilitate 
easy  reference.  I  can  but  express  a  hope  that  the  present  Edition,,  in 
its  new  form,  will  meet  with  the  same  very  kind  reception  accorded  to 
its  predecessors. 

WILLIAM  STIRLING. 

The  Owens  College, 
Manchester,  September  1888. 


ITiEFACE  TO  THE  FIRST  ENGLISH  EDITION. 


The  fact  that  Professor  Landois'  "Lchrhuch  der  Physiologie  des  Mtmschen" 
has  already  passed  through  Four  large  Editions  since  its  first  appearance 
in  1880,  shows  that  in  some  special  way  it  has  met  the  wants  of  Students 
and  Practitioners  in  Germany.  The  characteristic  which  has  thus  com- 
mended the  work  will  be  found  mainly  to  lie  in  its  eminent  practicality; 
and  it  is  this  consideration  which  has  induced  me  to  undertake  the  task 
of  putting  it  into  an  English  dress  for  English  readers. 

Landois'  work,  in  fact,  forms  a  Bridge  between  Physiology  and  the 
Practice  of  Medicine.  It  never  loses  sight  of  the  fact  that  the  Student 
of  to-day  is  the  practising  Physician  of  to-morrow.  Thus,  to  every 
Section  is  appended — after  a  full  description  of  the  normal  processes — 
a  short  resume  of  the  pathological  variations,  the  object  of  this  being  to 
direct  the  attention  of  the  Student,  from  the  outset,  to  the  field  of  his 
future  practice,  and  to  show  him  to  what  extent  pathological  processes 
are  a  disturbance  of  the  normal  activities. 

In  the  same  way,  the  work  offers  to  the  busy  physician  in  practice  a 
ready  means  of  refreshing  his  memory  on  the  theoretical  aspects  of 
Medicine.  He  can  pass  backwards  from  the  examination  of  pathological 
phenomena  to  the  normal  processes,  and,  in  the  study  of  these,  find  new 
indications  and  new  lights  for  the  appreciation  and  treatment  of  the  cases 
under  consideration. 

With  this  object  in  view,  all  the  methods  of  investigation  which  may 
with  advantage  be  used  by  the  Practitioner,  are  carefully  and  fully 
described ;  and  Histology,  also,  occupies  a  larger  place  than  is  usually 
assigned  to  it  in  Text-books  of  Physiology. 

A  word  as  to  my  own  share  in  the  present  version  : — 

(1.)  In  the  task  of  translating,  I  have  endeavoured  throughout  to 
convey  the  author's  meaning  accurately,  without  a  too  rigid  adherence 
to  the  original.  Those  who  from  experience  know  something  of  the 
difficulties  of  such  an  undertaking  will  be  most  ready  to  pardon  any 
shortcomings  they  may  detect. 

(2.)  Very  considerable  additions  have  been  made  to  the  Histological, 
and  also  (where  it  has  seemed  necessary)  to  the  Physiological  sections. 
All  such  additions  are  enclosed  within  square  brackets  [  ].    I  have  to 


PltEFACE. 


acknowledge  my  indebtedness  to  many  valuable  Papers  in  the  various 
]\Iedical  Journals — British  and  Foreign — and  a]so  to  the  Histological 
Treatises  of  Cadiat,  Eanvier,  and  Klein ;  Quain's  Anatomy,  vol.  Ii.,  ninth 
edition ;  Hermann's  Handbuch  der  Physiologic ;  and  the  Text-books  on 
I*hysiology  by  Paitherford,  Foster,  and  Kirkes ;  Gamgee's  Pliysiological 
Cliemistry  ;  Ewald's  Digestion  ;  and  Koberts's  Digestive  Ferments. 

(3.)  The  Illustrations  have  been  greatly  increased  in  number,  viz., 
from  275  in  the  Fourth  German  Edition  to  494  in  the  English  version. 
These  additional  Diagrams,  with  the  sources  whence  derived,  are  dis- 
tinguished in  the  List  of  Woodcuts  by  an  asterisk. 

There  only  remains  for  me  now  to  express  my  thanks  to  all  who 
have  kindly  helped  in  the  progress  of  the  work,  either  by  furnishing 
Illustrations  or  otherwise — especially  to  Drs  Byrom  Bramwell,  Dudgeon, 
Lauder  Brunton,  and  Knott ;  Mr  Hawksley ;  Professors  Hamilton  and 
]\I'Kendrick  ;  to  my  esteemed  teacher  and  friend,  Professor  Ludwig,  of 
Leipzic ;  and,  finally,  to  my  friend,  Mr  A.  AV.  Piobertson,  M.A.,  formerly 
Assistant  Librarian  in  the  University,  and  now  Librarian  of  the  Aberdeen 
Public  Library,  for  much  valuable  assistance  while  the  work  was  passing 
through  the  press. 

In  conclusion. — and  forgetting  for  the  moment  my  own  connection 
with  it — I  heartily  commend  the  work  loer  se  to  the  attention  of  ]\Iedical 
Men,  and  can  wish  for  it  no  better  fate  than  that  it  may  speedily  become 
as  popular  in  this  country  as  it  is  in  its  Fatherland. 

WILLIAM  STIPLING. 


Aberdkion  University, 
November  1884. 
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Introduction. 


The  Scope  of  Physiology  and  its  Relations  to. other  Branches 

of  Natural  Science. 

Physiology  is  the  science  of  the  vital  phenomena  of  organisms,  or,  broadly,  it  is 
the  Doctrine  of  Life.  Correspondingly  to  the  divisions  of  organisms,  we  distinguish 
— (1)  Animal  Physiology ;  (2)  Vegetable  Physiology ;  and  (3)  the  Physiology  of 
the  Loioest  Living  Organisms,  which  stand  on  the  border  line  of  animals  and 
plants,  i.e.,  the  so-called  Protistvs  of  Haeckel,  micro-organisms,  and  those  elementary 
organisms  or  cells  which  exist  on  the  same  level. 

The  object  of  Physiology  is  to  establish  these  phenomena,  to  determine  their 
regularity  and  causes,  and  to  refer  them  to  the  general  fundamental  laws  of 
Natural  Science,  viz.,  the  Laws  of  Physics  and  of  Chemistry. 

The  following  Scheme  shows  the  relation  of  Physiology  to  the  allied  branches  of 
Natural  Science  : — 

BIOLOGY. 

The  science  of  organised  beings  or  organisms  (animals,  plants,  protista?,  and 
elementary  organisms). 


L  Morphology. 
The  doctrine  of  the  form  of  organisms. 


General 
Morphology. 

The  doctrine  of  the 
formed  elementary 
■  constituents  of  or- 


Special 
Morphology. 

The  doctrine  of  the 
2xtrts  and  organs  of 


(Histology)— 
(a)  Histology  of  Plants. 


(Organology— 
Anatomy) — 
{a)  Phytotomy. 
(6)  Histology  of  Animals.  (6)  Zootomy. 

III.  Embryology. 

The  doctrine  of  the  generation  and  development  of  organisms, 


II.  Physiology. 
The  doctrine  of  the  vital  phenomena 
of  organisms. 


General 
Physiology.  • 

The  doctrine  of  vital 
phenomena  in  gene- 
ral— 
(«)  Of  Plants. 
(b)  Of  Animals. 


Special 
Physiology. 

The  doctrine  of  the 
activities  of  the  in- 
dividual organs — 
(a)  Of  Plants. 
{h)  Of  Animals. 


Moi-phological  part  of  the 
doctrine  of  development, 
i.e.,  the  doctrine  of  form 
in  its  stages  of  develop- 
ment— 

(a)  General. 

(b)  Special. 


f  1.  History  of  the  development  of  "| 
single  heings,  of  the  indivi(hial 
(e.g.,  of  man)  from  the  ovum 
onwards  (Ontogeny)— 
(a)  In  Plants. 
(6)  In  Animals. 
2.  History  of  the  development  of 
a  lohole  stock  of  organisms  from 
the  lowest  forms  of  the  series 
upwards  (Phylogeny) — 

(a)  In  Plants. 

(b)  In  Animals. 


Physiological  part  of  the 
doctrine  of  development, 
i.e.,  the  doctrine  of  the 
activity  during  develop- 
ment— 

{a)  General. 

(5)  Special. 
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Morphology  and  Physiology  are  of  equal  rank  in  biological  science,  and  a  previous 
acquaintance  with  Morphology  is  assumed  as  a  basis  for  the  comprehension  of 
Physiology,  since  the  work  of  an  organ  can  only  be  properly  understood  when  its 
external  form  and  its  internal  arrangements  are  known.  Development  occupies  a 
middle  place  between  ]\Iorphology  and  Physiology  ;  it  is  a  morphological  discipline 
in  so  far  as  it  is  concerned  with  the  description  of  the  parts  of  the  developing 
organism ;  it  is  a  physiological  doctrine  in  so  far  as  it  studies  the  activities  and 
vital  phenomena  during  the  course  of  development. 

MATTER. — The  entire  visible  world,  including  all  organisms,  consists  of  matter, 
i.e.,  of  substance  which  occupies  space. 

We  distinguish  ponderahle  matter  which  has  weight,  and  imjyonderaUe  matter 
which  cannot  be  weighed  in  a  balance.    The  latter  is  generally  termed  etlier. 

In  ponderable  materials,  again,  we  distinguish  their  form,  i.e.,  the  nature  of  their 
limiting  surfaces ;  further,  their  volume,  i.e.,  the  amount  of  space  which  they 
occupy ;  and  lastly,  their  aggregate  condition,  i.e.,  whether  they  are  solid,  fluid,  or 
gaseous  bodies. 

Ether. — The  ether  fills  the  space  of  the  universe,  certainly  as  far  as  the  most 
distant  visible  stars.  This  ether,  notwithstanding  its  imponderability,  possesses 
distinct  mechanical  properties  ;  it  is  infinitely  more  attenuated  than  any  known 
kind  of  gas,  and  behaves  more  like  a  solid  body  than  a  gas,  resembling  a  gelatinous 
mass  rather  than  the  air.  It  participates  in  the  luminous  phenomena  due  to  the 
vibrations  of  the  atoms  of  the  fixed  stars,  and  hence  it  is  the  transmitter  of  light, 
which  is  conducted  by  means  of  its  vibrations,  with  inconceivable  rapidity  (42,220 
geographical- miles  per  second)  to  our  visual  organs  {Tyndall). 

Imponderable  matter  (ether)  and  ponderable  matter  are  not  separated  sharply 
from  each  other  ;  rather  does  the  ether  penetrate  into  all  the  spaces  existing 
between  the  smallest  particles  of  ponderable  matter. 

Particles. — Supposing  that  ponderable  matter  were  to  be  subdivided  con- 
tinuously into  smaller  and  smaller  portions,  until  we  reach  the  last  stage  of 
division  in  which  it  is  possible  to  recognise  the  aggregate  condition  of  the  matter 
operated  upon,  we  should  call  the  finely-divided  portions  of  matter  in  this  state 
particles.  Particles  of  iron  would  still  be  recognised  as  solid,  particles  of  water  as 
fluid,  particles  of  oxygen  as  gaseo^is. 

Molecules. — Supposing,  however,  the  process  of  division  of  the  particles  to 
be  carried  further  still,  we  should  at  last  reach  a  limit,  beyond  which,  neither  by 
mechanical  nor  by  physical  means,  could  any  further  division  be  effected.  We 
should  have  arrived  at  the  molecules.  A  molecule,  therefore,  is  the  smallest  amount 
of  matter  which  can  still  exist  in  a  free  condition,  and  which  as  a  unit  no  longer 
exhibits  the  aggregate  condition. 

Atoms. — But  even  molecules  are  not  the  final  units  of  matter,  since  every 
molecule  consists  of  a  group  of  smaller  units,  called  atoms.  An  atom  cannot  exist 
by  itself  in  a  free  condition,  but  the  atoms  unite  with  other  similar  or  dissimilar 
atoms  to  form  groups,  Avhich  are  called  molecules.  Atoms  are  incapable  of  further 
subdivision,  hence  their  name.  We  assume  that  the  atoms  are  invariably  of  the 
same  size,  and  that  they  are  solid.    From  a  chemical  point  of  view,  the  atom  of 


INTRODUCTION. 


xxxvii 


an  elementary  body  (element)  is  tlie  smallest  amount  of  the  element  which  can  enter 
into  a  chemical  combination.  Just  as  ponderable  matter  consists  in  its  ultimate 
parts  of  ponderable  atoms,  so  does  the  ether  consist  of  analogous  small  ether-atoms. 

Ponderable  and  Imponderable  Atoms.— The  ponderable  atoms  within 
ponderable  matter  are  arranged  in  a  definite  relation  to  the  ether-atoms.  The 
ponderable  atoms  mutually  attract  each  other,  and  similarly  they  attract  the 
imponderable  ether-atoms;  but  the  ether-atoms  repel  each  other.  Hence,  in 
ponderable  masses,  ether-atoms  surround  every  ponderable  atom.  These  masses, 
in  virtue  of  the  attraction  of  the  ponderable  atoms,  tend  to  come  together,  but  only 
to  the  extent  permitted  by  the  surrounding  ether-atoms.  Thus  the  ponderable 
atoms  can  never  come  so  close  as  not  to  leave  inters})aces.  All  matter  must, 
therefore,  be  regarded  as  more  or  less  loose  and  open  in  texture,  a  condition  due  to  the 
interpenetrating  ether-atoms,  which  resist  the  direct  contact  of  the  ponderable  atoms. 

Aggregate  Condition  of  Atoms.— The  relative  arrangement  of  the  molecules, 
i.e.,  the  smallest  particles  of  matter  which  can  be  isolated  in  a  free  condition, 
determines  the  aggregate  condition  of  the  body. 

"Within  a  solid  body,  characterised  by  the  permanence  of  its  volume  as  well  as 
by  the  independence  of  its  form,  the  molecules  are  so  arranged  that  they  cannot 
readily  be  displaced  from  their  relative  positions. 

Fluid  bodies,  although  their  volume  is  permanent,  readily  change  their  shape, 
and  their  molecules  are  in  a  condition  of  continual  movement. 

When  this  movement  of  the  molecules  takes  so  wide  a  range  that  the  individual 
molecules  fly  apart,  the  body  becomes  gaseous,  and  as  such  is  characterised  by 
the  instability  of  its  form  as  well  as  by  the  changeableness  of  its  volume. 

Physics  is  the  study  of  these  molecules  and  their  motions. 

Forces. 

1.  Gravitation — Work  done. — All  phenomena  appertain  to  matter.  These 
phenomena  are  the  appreciable  expression  of  the  forces  inherent  in  matter. 
The  forces  themselves  are  not  appreciable,  they  are  the  causes  of  the  phenomena. 

Gravitation. — The  law  of  gravitation  postulates  that  every  particle  of 
ponderable  matter  in  the  universe  attracts  every  other  particle  with  a  certain 
force.  This  force  is  inversely  as  the  square  of  the  distance.  Further,  the 
attractive  force  is  directly  proportional  to  the  amount  of  the  attracting  matter, 
without  any  reference  to  the  quality  of  the  body.  We  may  estimate  the  intensity 
of  gravitation  by  the  extent  of  the  movement  which  it  communicates  to  a  body 
allowed  to  fall,  for  one  second,  through  a  given  distance,  in  a  space  free  from  air. 
Such  a  body  will  fall  in  vactto  9  "809  metres  per  second.  This  fact  has  been  arrived 
at  experimentally. 

Let  us  represent  </  =  9-809  metres,  the  final  velocity  of  the  freely  falling  body  at  the  end  of 
one  second.    The  velocity,  V,  of  the  freely  falling  body  is  proportional  to  the  time,  t,  so  that 

^=gt  (1) ; 

i.e.,  at  the  end  of  the  1st  sec,  and  N  =  g,  1=^  =  9'809  M — the  distance  traversed— 
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i.e.,  the  (Jistances  are  as  the  square  of  the  times.  Hence,  from  (1)  and  (2)  it  follows  (by 
eliminating  t)  that — 

V=V2^  (3). 

The  velocities  are  as  the  square  roots  of  the  distances  traversed — 

V2 

Therefore  2^=s  (4). 

The  freely  falling  body,  and  in  fact  every  freely  moving  body,  possesses  kinetic 
energy,  and  is  in  a  certain  sense  a  magazine  of  energy.  The  kinetic  energy  of  any 
moving  body  is  always  equal  to  the  product  of  its  weight  (estimated  by  the  balance), 
and  the  height  to  which  it  would  rise  from  the  earth,  if  it  were  thrown  from  the 
earth  with  its  own  velocity. 

Let  W  represent  the  kinetic  energy  of  the  moving  body,  and  P  its  weight,  then  W  =  P.s,  so 
that  from  (4)  it  follows  that — 

W  =  Pj  (5). 

Hence,  the  kinetic  energy  of  a  body  is  proportional  to  the  square  of  its  velocity. 

Work.- — If  a  force  (pressure,  strain,  tension)  be  so  applied  to  a  body  as  to  move 
it,  a  certain  amount  of  woi-k  is  performed.  The  amount  of  work  is  equal  to  the 
product  of  the  amount  of  the  pressure  or  strain  which  moves  the  body,  and  of  the 
distance  througli  which  it  is  moved. 

Let  K  represent  the  force  acting  on  the  body,  and  S  the  distance,  then  the  work  "\Y  =  KS. 
The  attraction  between  the  earth  and  any  body  raised  above  it  is  a  source  of  work. 

It  is  usual  to  express  the  value  of  K  in  kilogrammes,  and  S  in  metres,  so  that 
the  "  unit  of  work  "  is  the  kilogramme-metre,  i.e.,  the  force  which  is  required  to 
raise  1  kilo,  to  the  height  of  1  metre. 

2.  Potential  Energy. —  The  transformation  of  Potential  into  Kinetic  Energy,  and 
conversely:  Besides  kinetic  energy,  there  is  also  "potential  energy,"  or  energy  of 
position.  By  this  term  are  meant  various  forms  of  energy,  which  are  suspended  in 
their  action,  and  which,  although  they  may  cause  motion,  are  not  in  themselves 
motion.  A  coiled  watch-spring  kept  in  this  position,  a  stone  resting  upon  a  tower, 
are  instances  of  bodies  possessing  potential  energy,  or  the  energy  of  position.  It 
requires  merely  a  push  to  develop  kinetic  from  the  potential  energy,  or  to  transform 
potential  into  kinetic  energy. 

Work,  u\  was  performed  in  raising  the  stone  to  rest  upon  the  tower. 

%v=iy,  s,  where  2J  =  the  weight  and  s  =  the  height, 
p  =  m.g,  is  =  the  product  of  the  mass  (?»),  and  the  force  of  gravity  (</),  so  that  w=mgs. 

This  is  at  the  same  time  the  expression  for  the  potential  energy  of  the  stone. 
This  potential  energy  may  readily  be  transformed  into  kinetic  energy  by  merely 
pushing  the  stone  so  that  it  falls  from  the  tower.  The  kinetic  energy  of  the  stone 
is  equal  to  the  final  velocity  with  which  it  impinges  upon  the  earth. 

V  =  ^/ig  s  (see  above  (3) ). 
V2=  2gs. 
mV-=    2m  gs. 

_V-=  mgs. 

m  <i  s  was  the  expression  for  the  potential  energy  of  the  stone  while  it  was  still 
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resting  on  tlie  height ;  -^Vo  is  the  kinetic  energy  corresponding  to  this  potential 
energy  {Briicke). 

Potential  energy  may  be  transformed  into  mechanical  energy  under  the  most 
varied  conditions  ;  it  may  also  be  transferred  from  one  body  to  another. 

The  movement  of  a  pendulum  is  a  striking  example  of  the  former.  Wlien  the  pendulum  is 
at  the  highest  point  of  its  excursion,  it  must  be  regarded  as  absolutely  at  rest  for  an  instant, 
and  as  endowed  with  potential  energy,  thus  corresponding  with  the  raised  stone  in  the  previous 
instance.  During  the  swing  of  the  pendulum  this  potential  energy  is  changed  into  kinetic 
energy,  which  is  greatest  when  the  pendulum  is  moving  most  rapidly  towards  the  vertical.  As 
it  rises  again  from  the  vertical  position,  it  moves  more  slowly,  and  the  kinetic  energy  is 
changed  into  potential  energy,  which  once  more  reaches  its  maximum  when  the  pendulum 
comes  to  rest  at  the  utmost  linait  of  its  excursion.  Were  it  not  for  the  resistances  continually 
opposed  to  its  movements,  such  as  the  resistance  of  the  air  and  friction,  the  movement  of  the 
pendulum,  due  to  the  alternating  change  of  kinetic  into  potential  energy  and  vice  versd,  would 
continue  uninterruptedly,  as  with  a  mathematical  pendulum.  Suppose  the  swinging  ball  of  the 
pendulum,  when  exactly  in  a  vertical  position,  impinged  upon  a  resting  but  movable  sphere, 
the  potential  energy  of  the  ball  of  the  pendulum  would  be  transferred  directly  to  the  sjihere, 
provided  that  the  elasticity  of  the  ball  of  the  pendulum  and  the  sphere  were  complete  ;  the 
pendulum  would  come  to  rest,  while  the  sphere  would  move  onward  with  an  equal  amount  of 
kinetic  energy,  provided  there  were  no  resistance  to  its  movement.  This  is  an  example  of  the 
transference  of  kinetic  energy  from  one  body  to  another.  Lastly,  suppose  that  a  stretched 
watch-spring  on  uncoiling  causes  another  spring  to  become  coiled  ;  and  we  have  another  example 
of  the  transference  of  kinetic  energy  from  one  body  to  another. 

The  following  general  statement  is  deducible  from  the  foregoing  examples : — 
If,  in  a  system,  the  individual  moving  masses  approach  the  final  position  of  equi- 
librium, then  in  this  system  the  sum  of  the  kineti/;  energies  increases ;  if,  on  the 
other  hand,  the  particles  move  away  from  the  final  position  of  equilibrium,  then 
the  sum  of  the  potential  energies  is  increased  at  the  expense  of  the  kinetic  energies, 
i.e.,  the  kinetic  energies  diminish  (Briicke). 

The  pendulum,  which,  after  swinging  from  the  highest  point  of  its  excursion,  approaches  the 
vertical  position,  i.e.,  the  position  of  equilibrium  of  a  passive  pendulum,  has  in  this  position 
the  largest  amount  of  potential  energy;  as  it  again  ascends  to  the  highest  point  of  its  excursion 
on  the  other  side,  it  again  gi-adually  receives  the  maximum  of  potential  energy  at  the  expense 
of  the  gradually  diminishing  movement,  and  therefore  of  the  kinetic  energy, 

3.  Heat. — Its  Relation  to  Potential  and  Kinetic  Energy. — If  a  lead  weight  be 
thrown  from  a  high  tower  to  the  earth,  and  if  it  strike  an  unyielding  substance,  the 
movement  of  the  mass  of  lead  is  not  only  arrested,  but  the  kinetic  energy  (which 
to  the  eye  appears  to  be  lost)  is  transformed  into  a  lively  vibratory  movement  of 
the  atoms.  When  the  lead  meets  the  earth,  heat  is  produced.  The  amount  of 
heat  produced  is  proportional  to  the  kinetic  energy,  which  is  transformed  through 
the  concussion.  At  the  moment  when  the  lead  weight  reaches  the  earth,  the  atoms 
are  thrown  into  vibrations ;  they  impinge  upon  each  other ;  then  rebound  again 
from  each  other  in  consequence  of  their  elasticity,  which  opposes  their  direct  juxta- 
position; they  fly  asunder  to  the  maximum  extent  permitted  by  the  attractive  force 
of  the  ponderable  atoms,  and  thus  oscillate  to  and  fro.  All  the  atoms  vibrate  like 
a  pendulum,  until  their  movement  is  communicated  to  the  ethereal  atoms  sui'- 
rounding  them  on  every  side,  i.e.,  until  the  heat  of  the  heated  mass  is  ^'■radiated." 
Heat  is  thus  a  vibratory  movement  of  the  atoms. 
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As  the  amount  of  heat  produced  is  proportional  to  the  kinetic  energy,  which  is 
transformed  through  the  concussion,  we  must  find  an  adequate  measure  for  both 
forces. 

Heat-Unit.— As  a  standard  of  measure  of  heat,  we  have  the  "  heat-unit "  or 
calorie.  The  "  heat-unit  "  or  calorie  is  the  amonnt  of  energy  required  to  raise  the 
temperature  of  1  gramme  of  water  V  centigrade.  The  "heat-unit  "  corresponds  to 
425*5  gramme-metres,  i.e.,  the  same  energy  required  to  heat  1  gramme  of  water 
1°  C,  would  raise  a  weight  of  425*5  grammes  to  the  height  of  1  metre;  or,  a  weight 
of  425*5  grammes,  if  allowed  to  fall  from  the  height  of  1  metre,  would  by  its  concus- 
sion produce  as  much  heat  as  would  raise  the  temperature  of  1  gramme  of  water  1°  C. 
The  "mechanical  equivalent  "  of  the  heat-unit  is,  therefore,  425*5  gramme-metres. 

It  is  evident  that  from  the  collisiou  of  moving  masses  an  immeasurable  amount  of  heat  can 
be  produced.  Let  us  apply  what  has  already  been  said  to  the  earth.  Suppose  the  earth  to  be 
disturbed  in  its  orbit,  and  suppose  further  that,  owing  to  the  attraction  of  the  sun,  it  -were  to 
impinge  on  the  latter  (whereby,  according  to  J.  R.  Mayer,  its  final  velocity  would  be  85 
geographical  miles  per  second),  the  amouiat  of  heat  produced  by  the  collision  would  be  erj^ual  to 
that  produced  by  the  combustion  of  a  mass  of  pure  charcoal  more  than  5000  times  as  heavy 
{Jiilius  Robert  Mayer,  ITebnhoUz). 

Thus,  the  heat  of  the  sun  itself  can  be  produced  by  the  collision  of  masses  of  cold  matter. 
If  the  cold  matter  of  the  universe  were  thrown  into  space,  and  there  left  to  the  attraction  of  its 
particles,  the  collision  of  these  particles  would  ultimately  produce  the  light  of  the  stars.  At 
the  present  time,  numerous  cosmic  bodies  collide  in  space,  while  innumerable  small  meteors 
(94,000  to  188,000  billions  of  kilos,  per  minute)  fall  into  the  sun.  The  force  of  gravity  is 
perhaps,  in  fact,  the  only  source  of  all  heat      K.  Mayer,  Tyndall). 

We  have  a  homely  example  of  the  transformation  of  kinetic  energy  into  heat  in  the  fact  that 
a  blacksmith  may  make  a  piece  of  iron  red-hot  by  hammering  it.  Of  the  conversion  of  heat 
into  kinetic  energy  we  have  an  example  in  the  hot  watery  vapour  (steam)  of  the  steam-engine 
raising  the  piston.  An  example  of  the  conversion  of  potential  energy  into  heat  occurs  in  a 
metallic  spring,  when  it  uncoils  and  is  so  placed  as  to  rub  against  a  rough  surface,  producing 
heat  by  friction. 

4.  Chemical  Afiinity  :  Relation  to  heat.— Whilst  gravity  acts  upon  the  particles 
of  matter  without  reference  to  the  composition  of  the  body,  there  is  another  atomic 
force  which  acts  between  atoms  of  a  chemically  different  nature  ;  this  is  chemical 
affinity.  This  is  the  force  in  virtue  of  which  the  atoms  of  chemically  different 
bodies  unite  to  form  a  chemical  compound.  The  force  itself  varies  greatly  between 
the  atoms  of  different  chemical  bodies ;  thus  we  speak  of  strong  chemical  affinities 
and  weak  affinities.  Just  as  we  were  able  to  estimate  the  potential  energy  of  a 
body  in  motion  from  the  amount  of  heat  which  was  produced  when  it  collided  with 
an  unyielding  body,  so  we  can  measure  the  amount  of  heat  which  is  formed  when 
the  atoms  of  chemically  diff"erent  bodies  unite  to  form  a  chemical  compound.  As 
a  rule,  heat  is  formed  when  separate  chemically-different  atoms  form  a  compound 
body.  When,  in  virtue  of  chemical  affinity,  the  atoms  of  1  kilo,  of  hydrogen  and 
8  kilos,  of  oxygen  unite  to  form  the  chemical  compound  ivater,  an  amount  of  heat  is 
thereby  evolved  which  is  equal  to  that  produced  by  a  weight  of  47,000  kilos,  falling 
and  colliding  with  the  earth  from  a  height  of  1000  feet  above  the  surface  of  the 
earth.  If  1  gramme  of  H  be  burned  along  with  the  requisite  amount  of  O  to  form 
water,  it  yields  34,460  heat-units  or  calories  :  and  1  gramme  carbon  burned  to  car- 
bonic acid  (carbon  dioxide)  yields  8080  heat-units.  WJierever,  in  chemical  processes, 
strong  chemical  affinities  are  satisfied,  heat  is  set  free,  i.e.,  chemical  affinity  is 
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changed  into  heat.  Chemical  affinity  is  a  form  of  potential  energy  obtaining 
between  the  most  different  atoms,  which  during  chemical  processes  is  changed  into 
heat.  Conversely,  in  those  chemical  processes  where  strong  affinities  are  dissolved, 
and  chemically-united  atoms  thereby  pulled  asunder,  there  must  be  a  diminution  of 
temperature,  or,  as  it  is  said,  heat  becomes  latent — that  is,  the  energy  of  the  heat 
which  has  become  latent  is  changed  into  chemical  energy,  and  this,  after  decom- 
position of  the  compound  chemical  body,  is  again  represented  by  the  chemical 
affinity  between  its  isolated  different  atoms. 

LAW  OF  THE  CONSERVATION  OF  ENERGY.— Julius  Robert  Mayer  and 
Helmholtz  have  established  the  important  law  that,  in  a  system  which  does  not 
receive  any  influence  and  impression  from  without,  the  sum  of  all  the  forces  acting 
within  it  is  always  the  same.  The  vaHous  forms  of  energy  can  he  transformed  one 
into  the  other,  so  that  kinetic  energy  may  he  transformed  into  potenticd  energy  and  vice 
versa,  hut  there  is  never  any  part  of  the  energy  lost.  The  transformation  takes  place 
in  .such  measure  that,  from  a  certain  definite  amount  of  one  form  of  energy,  a 
definite  amount  of  another  can  be  obtained. 

The  various  forms  of  energy  acting  in  organisms  occur  in  the  following  modi- 
fications 

1.  Molar  motion  (ordinary  movements),  as  in  the  movements  of  the  whole  body 
of  the  limbs,  or  of  the  intestines,  and  even  those  observable  microscopically  in 
connection  with  cells. 

2.  Movements  of  Atoms  as  Heat. — We  know,  in  connection  with  the  vibration 
of  atoms,  that  the  number  of  vibrations  in  the  unit  of  time  determines  whether  the 
oscillations  appear  as  heat,  light,  or  chemically-active  vibrations.  Heat-vibrations 
have  the  smallest  number,  while  chemically-active  vibrations  have  the  largest 
number,  light-vibrations  standing  between  the  two.  In  the  human  body  we  only 
observe  heat-vibrations,  but  some  of  the  lower  animals  are  capable  of  exhibiting 
the  phenomena  of  light. 

In  the  human  organism  the  molar  movements  in  the  individual  organs  are  con- 
stantly being  transformed  into  heat,  e.g.,  the  kinetic  energy  in  the  organs  of  the 
circulation  is  transformed  by  friction  into  heat.  The  measure  of  this  is  the  "  unit 
of  work  "  =  1  gramme-metre,  and  the  "  unit  of  heat  "  =  425*5  gramme-metres. 

3.  Potential  Energy. — The  organism  contains  many  chemical  compounds  which 
are  characterised  by  the  great  complexity  of  their  constitution,  by  the  imperfect 
saturation  of  their  affinities,  and  hence  by  their  great  tendency  to  split  up  into 
simpler  bodies. 

The  body  can  transform  the  potential  energy  into  heat  as  well  as  into  kinetic 
energy,  the  latter  always  in  conjunction  with  the  former,  but  the  former  always  by 
itself  alone.  The  simjylest  measure  of  tlw.  pote7itial  energy  is  the  amount  of  heat 
which  can  be  obtained  by  complete  combustion  of  the  chemical  compounds  re- 
presenting the  potential  energy.  The  number  of  work-units  can  then  be  calculated 
from  the  amount  of  heat  produced. 

4.  The  phenomena  of  electricity,  magnetism,  and  diamagnetism  may  bo 

recognised  in  two  directions,  as  movements  of  the  smallest  particles,  which  are 

recognised  in  the  glowing  of  a  thin  wire  when  it  is  traversed  by  strong  electrical 
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currents  (against  considerable  resistance),  and  also  as  molar  movement,  as  in  the 
attraction  or  repulsion  of  the  magnetic  needle.  Electrical  phenomena  are  manifested 
in  our  bodies  by  muscle,  nerve,  and  glands,  but  these  phenomena  are  relatively  small 
in  amount  wlieu  compared  with  the  other  forms  of  energy.  It  is  not  improbable 
that  the  electrical  phenomena  of  our  bodies  become  almost  completely  transformed 
into  heat.  As  yet  experiment  has  not  determined  with  accuracy  a  "  unit  of 
electricity  "  directly  comparable  with  the  "  heat-unit  "  and  the  "  work-unit.  " 

It  is  quite  certain  that  within  the  organism  one  form  of  energy  can  be  trans- 
formed into  another  form,  and  that  a  certain  amount  of  one  form  will  yield  a 
definite  amount  of  another  form ;  further,  that  new  energy  never  arises  spontane- 
ously, nor  is  energy  already  present  ever  destroyed,  so  that  in  the  organism  the 
law  of  the  conservation  of  energy  is  continually  in  action. 

ANIMALS  AND  PLANTS, — The  animal  body  contains  a  quantity  of  chemically- 
potential  energy  stored  up  in  its  constituents.  The  total  amount  of  the  energy 
present  in  the  human  body  might  be  measured  by  burning  completely  an  entire 
human  body  in  a  calorimeter,  and  thereby  determining  how  many  heat-units  are 
produced  when  it  is  reduced  to  ashes  (see  Animal  Heat). 

The  chemical  compounds  containing  the  potential  energy  are  characterised  by  the 
complicated  relative  position  of  their  atoms,  by  a  comparatively  imperfect  saturation 
of  the  affinities  of  their  atoms,  by  the  relatively  small  amount  of  oxygen  which 
they  contain,  by  their  great  tendency  to  decomposition,  and  the  facility  with  which 
they  undergo  decomposition. 

If  a  man  were  not  supplied  with  food  he  would  lose  50  grammes  of  his  body- 
weight  every  hour ;  the  material  part  of  his  body,  which  contains  the  potential 
energy,  is  used  up,  oxygen  is  absorbed,  and  a  continual  process  of  combustion  takes 
place  ;  by  the  process  of  combustion  simpler  substances  are  formed  from  the  more 
complex  compounds,  whereby  potential  is  converted  into  kinetic  energy.  It  is  im- 
material whether  the  combustion  is  rapid  or  slow  ;  the  same  amount  of  the  same 
chemical  substances  always  produces  the  same  amount  of  kinetic  energy,  i.e.,  of 
heat. 

A  person,  when  fasting,  experiences  after  a  certain  time  the  disagreeable  feeling 
of  exhaustion  of  his  reserve  of  potential  energy,  hunger  sets  in,  and  he  takes  food. 
All  food  for  the  animal  kingdom  is  obtained,  either  directly  or  indirectly,  from  the 
vegetable  kingdom.  Even  carnivora,  which  eat  the  flesh  of  other  animals,  only  eat 
organised  matter  which  has  been  formed  from  vegetable  food.  The  existence  of 
the  animal  kingdom  presupposes  the  existence  of  the  vegetable  kingdom. 

All  substances,  therefore,  necessary  for  the  food  of  animals  occur  in  vegetables. 
Besides  water  and  the  inorganic  constituents,  plants  contain,  amongst  other 
organic  compounds,  the  following  three  chief  representatives  of  food-stuffs — fats, 
carbohydrates,  and  proteids. 

All  these  contain  stores  of  potential  energy,  in  virtue  of  their  complex  chemical 
constitution. 

The  fats  contain:--/  CnH,„.,0(OH)  =  fatty  acids  » 

\  +C3H,(OH)3  =  glycerin  ] 
The  carbohydrates  contain : — CyH^yO^      .       .     (§  252). 
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f  C.  51  •5-54-5  1 
I  H.   6-9-  7-3  I 

The  proteids  contain  per  cent.:—  J  N.  15-2-17-0  [  (§§248  and  249). 

O.  20-9-23-5  j 
S.    0-3-  2-0  J 

A  man  who  takes  a  certain  amount  of  this  food  adds  thereto  oxygen  from  the 
air  in  the  process  of  respiration.  Combustion  or  oxidation  then  takes  place,  where- 
by chemically-potential  energy  is  transformed  into  heat. 

It  is  evident  that  the  products  of  thi.s  combustion  must  be  bodies  of  simpler  con- 
stitution— bodies  with  less  complex  arrangement  of  their  atoms,  with  the  greatest 
possible  saturation  of  the  affinities  of  their  atoms,  of  greater  stability,  partly  rich  in 
O,  and  possessing  either  no  potential  energy,  or  only  very  little.  These  bodies  are 
carbon  dioxide,  CO.^ ;  water,  HoO  ;  and  as  the  chief  representative  of  the  nitro- 
genous excreta,  urea  (CO(NHo).,),  which  has  still  a  small  amount  of  potential 
energy,  but  which  outside  the  body  readily  splits  into  COo  and  ammonia  (NH.,). 

The  human  body  is  an  organism  in  which,  by  the  phenomena  of  oxidation,  the 
complex  nutritive  materials  of  the  vegetable  kingdom,  which  are  highly  charged 
with  potential  energy,  are  transformed  into  simple  chemical  bodies,  whereby  the 
potential  energy  is  transformed  into  the  equivalent  amount  of  kinetic  energy  (heat, 
work,  electrical  i>henomena). 

But  how  do  plants  form  these  complex  food-stuffs  so  rich  in  potential  energy  ? 
It  is  plain  that  the  potential  energy  of  plants  must  be  obtained  from  some  other 
form  of  energy.  This  potential  energy  is  supplied  to  plants  by  the  rays  of  the 
sun,  whose  chemical  light-rays  are  absorbed  by  plants.  Without  the  rays  of  the 
sun  there  could  be  no  plants.  Plants  absorb  from  the  air  and  the  soil  CO.2,  HgO, 
NH3,  and  N,  of  which  carbon  dioxide,  water,  and  ammonia  (from  urea)  are  also 
[troduced  by  the  excreta  of  animals.  Plants  absorb  the  kinetic  energy  of  light  from 
the  sun's  rays  and  transform  it  into  potential  energy,  which  is  accumulated  during 
the  growth  of  the  plant  in  its  tissues,  and  in  the  food-stuffs  produced  in  them 
during  their  growth.  This  formation  of  complex  chemical  compounds  is  accom- 
panied by  the  simultaneous  excretion  of  O. 

Occasionally,  kinetic  energy,  sucli  as  we  universally  meet  witli  in  animals,  is  liberated  in 
jilants.  Many  plants  develo})  considerable  quantities  of  lieat  in  their  flowers,  e.g.,  the  arum 
tribe.  Wc  must  also  remember  that  during  the  formation  of  the  solid  parts  of  plants,  when 
fluid  juices  are  changed  into  solid  masses,  heat  is  set  free.  In  plants,  under  eertain  circum- 
stances, O  is  absorbed,  and  COo  is  excreted,  but  these  processes  are  so  trivial  as  compared  with 
the  typical  condition  in  the  vegetable  kingdom,  that  they  may  be  regarded  as  of  small 
moment. 

Plants,  therefore,  are  organisms  which,  by  a  reduction  process,  transform  simple 
stable  combinations  into  complex  compounds,  whereby  potential  solar  energy  is 
transformed  into  the  chemically-potential  energy  of  vegetable  tissues.  Animals 
are  living  beings,  which  by  oxidation  decompose  or  break  up  the  complex  grouping 
of  atoms  manufactured  by  plants,  whereby  potential  is  transformed  into  kinetic 
energy.  Thus,  there  is  a  constant  circulation  of  matter  and  a  constant  exchange  of 
energy  between  plants  and  animals.  All  the  energy  of  animals  is  derived  from 
plants.  All  the  energy  of  plants  arises  from  the  sun.  Thus  the  sun  is  the  cause, 
the  original  source  of  all  energy  in  the  organism,  i.e.,  of  the  whole  of  life. 
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As  the  formation  of  solar  heat  and  solar  light  is  explicable  by  the  gravitation  of 
masses,  gravity  is  2)erhaps  the  original  form  of  energy  of  all  life. 

^Ye  may  thus  represent  the  formation  of  kinetic  energy  in  the  animal  body  from 
the  potential  energy  of  plants.  Let  us  suppose  the  atoms  of  the  substances  formed 
in  organisms,  as  simple  small  bodies,  balls,  or  blocks.  As  long  as  these  lie  in  a 
single  layer,  or  in  a  few  layers,  upon  the  surface,  there  is  a  stable  arrangement, 
and  they  continue  to  remain  at  rest.  If,  however,  an  artificial  tower  be  built  of 
these  blocks,  so  that  an  unstable  erection  is  produced,  and  the  same  tower  be  after- 
wards knocked  down,  then  for  this  purpose  we  require — (1)  the  motor  power  of  the 
workman  who  lifts  and  carries  the  blocks  ;  (2)  a  blow  or  other  impulse  from  with- 
out applied  to  the  unstable  structure — when  the  atoms  will  fall  together,  and  as 
they  fall  collide  with  each  other  and  produce  heat.  Thus,  the  energy  employed  by 
the  workman  is  again  transformed  into  the  last-named  form  of  energy. 

In  plants  the  complex  unstable  building  of  the  groups  of  atoms  is  carried  on, 
the  constructer  being  the  sun.  In  animals,  which  eat  plants,  the  complex  groups 
of  the  atoms  are  tumbled  down,  with  the  liberation  of  kinetic  energy. 

Vital  Energy  and  Life.— The  forces  which  act  in  organisms,  in  plants,  and 
animals  are  exactly  the  same  as  are  recognisable  as  acting  in  dead  matter.  A  so- 
called  "  vital  force,"  as  a  special  force  of  a  peculiar  kind,  causing  and  governing  the 
vital  phenomena  of  living  beings,  does  not  exist.  The  forces  of  all  matter,  of 
organised  as  well  as  unorganised,  exist  in  connection  with  their  smallest  particles 
or  atoms.  As,  however,  the  smallest  particles  of  organised  matter  are,  for  the 
most  part,  arranged  in  a  very  complicated  way,  compared  with  the  much  simpler 
composition  of  inorganic  bodies,  so  the  forces  of  the  organism  connected  with  the 
smallest  particles  yield  more  complicated  phenomena  and  combinations,  whereby  it 
is  excessively  difficult  to  ascribe  the  vital  phenomena  in  organisms  to  the  simple 
fundamental  laws  of  physics  and  chemistry. 

The  Exchange  of  Material,  or  Metabolism  ("  StoffivecJisel ")  as  a  Sign  of  Life. 
— Nevertheless,  there  appears  to  be  a  special  exchange  of  matter  and  energy 
peculiar  to  living  beings.  This  consists  in  the  capacity  of  organisms  to  assimilate 
the  matter  of  their  surroundings,  and  to  work  it  up  into  their  own  constitution,  so 
that  it  forms  for  a  time  an  integral  part  of  the  living  being,  to  be  given  off  again. 
The  whole  series  of  phenomena  is  called  metabolism  or  "  Stoffwechsel,"  which 
consists  in  the  introduction,  assimilation,  integration,  and  excretion  of  matter. 

We  have  already  shown  that  the  metabolism  of  plants  and  that  of  animals  are 
quite  different.  The  processes,  as  already  described,  actually  occur  in  the  typical 
higher  plants  and  animals. 

But  there  is  a  large  group  of  organisms  which,  throughout  their  entire  organisa- 
tion, exhibit  so  low  a  degree  of  development,  that  by  some  observers  they  are  con- 
sidered as  undifferentiated  "  ground-forms."  They  are  regarded  as  neither  plants 
nor  animals,  and  are  the  most  simple  forms  of  animated  matter.  Haeckel  has 
called  these  organisms  Protistse,  as  being  the  original  and  primitive  forms. 

We  must  assume  that,  corresponding  with  their  simpler  vital  conditions,  their 
metabolism  is  also  simpler,  but  on  this  point  we  still  require  further  observations 
and  experiments. 


Physiology  of  the  Blood. 


[The  blood  i.s  aptly  described  by  Claude  lleniard  as  an  internal  medium  wliich 
acts  as  a  "  go-between  "  or  medium  of  exchange  for  the  outer  world  and  the  tissues. 
Into  it  are  poured  those  substances  which  have  been  subjected  to  the  action  of  the 
digestive  fluids,  and  in  the  lungs  or  other  respiratory  organs  it  receives  oxygen. 
It  thus  contains  new  substances,  but  in  its  passage  through  the  tissues  it  gives  U]) 
•some  of  these  new  substances,  and  receives  in  exchange  certain  waste  products 
which  have  to  be  got  rid  of.  Its  coini)osition  is  thus  highly  complex.  Besides 
♦•arrying  the  new  nutrient  fluids  to  the  tissues,  it  is  also  the  great  oxygen-carrier, 
as  well  as  the  medium  by  which  some  of  the  waste  products,  e.g.,  CO.,,  urea,  are 
removed /Vowi  the  tissues,  and  brought  to  the  organs,  cjj.,  the  lungs,  kidneys,  skin, 
which  eliminate  them  from  tlie  body.  It  is  at  once  a  great  pabulum-supplying 
medmm  and  a  channel  for  getting  lid  of  useless  materials.  As  the  composition  of 
the  organs  through  which  the  blood  flows  varies,  it  i.s  evident  that  its  composition 
must  vary  in  different  parts  of  the  circulatory  system  ;  and  it  also  varies  in  the 
.same  individual  under  different  conditions.  Still,  with  slight  variations,  there  are 
certain  general  physical,  histological,  and  chemical  properties  which  characterise 
blood  as  a  whole.] 

1.  PHYSICAL  PROPERTIES.— (1)  Colour.— The  colour  of  blood  varies  from  a 
bright  scarlet-red  in  the  arteries  to  a  deep,  dark,  bluish-red  in  the  veins.  Oxygen 
(and,  therefore,  the  air)  makes  the  blood  bright  red  ;  want  of  oxygen  makes  it 
dark.  Blood  free  from  oxygen  (and  also  venous  blood)  is  dichroic — I.e.,  by  reflected 
light  it  ai)pears  dark  red,  while  by  transmitted  light  it  is  green.  [Arterial  blood  is 
monochroic] 

In  thin  layers  blood  is  opaque,  as  is  easily  shown  by  shaking  blood  so  as  to  form 
bubbles,  or  by  allowing  blood  to  fall  upon  a  plate  Avith  a  pattern  on  it,  and  i)Ouring 
it  oft'  again.  [Printed  matter  cannot  be  read  through  a  thin  layer  of  blood  spread  on 
a  glass  slide.]  Blood  behaves,  therefore,  like  an  "  opaque  colour,"  as  its  colouring- 
n\atter  is  suspended  in  the  form  of  fine  particles — the  blood-cor[)Uscle.s. 

ileiice,  it  is  possible  to  separate  the  colouring-matter  from  tlie  Hiiid  part  of  the  blond  hy 
nitration.  This  is  accomplished  by  mixing  the  blood  with  fiuids  wliii-h  render  the  blood- 
corpuscles  sticky  or  rough.  If"  mammalian  l)lood  l)c  treated  with  one-seventh  of  its  volume  ol 
solution  of  sodic  sulphate,  or  if  frog's  blood  be  mixed  with  a  2  per  cent,  solution  of  s\igar  {Joh. 
Miillcr)  and  filtered,  the  shrivelled  corpuscles,  now  robbed  of  part  of  their  water,  remain  u]iou 
the  filter. 

(2)  Reaction. — The  reaction  is  alkaline,  owing  to  the  presence  of  disodic 
phosphate,  NaoHPO^,  and  bicarbonate  of  soda.  After  blood  is  shed,  its  alkalinity 
rapidly  diminishes,  and  this  occurs  more  rapidly  the  greater  the  alkalinity  of  the 
blood.  This  is  due  to  the  formation  of  an  acid,  in  which,  iierhaps,  the  coloured 
corpuscles  take  part,  owing  to  the  decomposition  of  their  colouring-matter.    A  high 
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tenipei-ature  and  the  addition  of  an  alkali  favour  the  formation  of  the  acid  (iV. 
Zuntz). 

The  idkaliiK;  reaction  of  blood  is  diininishcd  :  (a)  bj'  groat  nmscular  exertion,  owing  to  the 
tbrniatiou  of  a  huge  amount  of  acid  in  tlie  nmsek'S  ;  (/8)  during  coaguhition  ;  (7)  in  old  blood, 
or  blood  dissolved  by  water  from  old  blood-stains,  sueh  blood  being  usually  acid  ;  fresh  cruor 
has  a  stronger  alkaline  reaction  than  serum  ;  (5)  after  the  prolonged  use  of  soda  the  alkalinity 
is  increased,  after  the  use  of  acids  it  is  decreased. 

Methods. — Owing  to  the  colour  of  the  blood  we  cannot  employ  ordinary  litmus  jmper  to  test 
its  reaction.  One  of  the  following  methods  may  be  used  : — (1)  Moisten  a  strip  of  glazed  red 
litnuis  paper  with  solution  of  common  salt,  and  allow  a  drop  of  blood  to  fall  on  the  paper  ; 
then  rapidly  wipe  it  off  before  its  colouring  matter  has  time  to  penetrate  and  tinge  the  paper 
{Zantz).  (2)  Liebreich  used  thin  plates  of  plaster-of-l'aris  of  a  i)erfectly  neutral  reaction. 
These  are  dried,  and  afterwards  moistened  with  a  neutral  solution  of  litmus.  When  a  drop  of 
blood  is  placed  upon  the  ])orous  plate,  the  Huid  ])art  of  the  blood  ]iasses  into  it,  while  the 
corpuscles  are  washed  off  with  water,  and  the  altered  colour  of  the  litmus-stained  slab  is 
apparent.  [(3)  Schiifer  uses  drj'  faintly-reddened  glazed  litmus  jiaper,  and  on  it  is  placed  a 
drop  of  bloo(l,  which  is  wiped  olf  after  a  few  seconds.  The  place  where  the  blood  rested  is 
indicated  by  a  blue  patch  ujioii  a  red  or  violet  ground.] 

Estimation  of  the  Alkalinity. — A  verj^  dilute  solution  of  tartaric  acid  (1  cubic  centimetre 
combines  with  3'1  milligrams  of  soda,  i.e.,  1  litre  of  water  contains  7 '5  grams  of  crystallised 
tartaric  acid)  is  added  to  blood  until  a  blue  litmus  paper  is  turned  red  (by  Zuntz's  method). 
100  grams  of  rabbit's  blood  have  an  alkalinity  corresponding  to  150  milligrams  of  soda  ;  the 
blood  6f  carnivora  to  about  180  milligrams  {La&snr),  W'hile  100  c.c.  of  normal  human  Ijlood  have 
an  alkalinity  eipial  to  260-300  milligrams  of  soda  (r.  J((ksch). 

The  following  method  can  be  used  with  a  few  drops  of  blood  : — To  neutralise  the  blood,  tar- 
taric acid  in  the  above  concentration  is  used.  Prepare  the  following  jnixture  by  mixing  it  with 
a  concentrated  neutral  solution  of  sodic  sulphate,  and  then  adding  sodic  sulphate  until  the 
nii.xture  is  comjdetely  saturated.  I.,  10  parts  of  solution  of  tartaric  acid  to  100  ]iarts  of  con- 
centrated sodic  sulphate  solution  ;  H. ,  20  parts  tartaric  acid  solution  to  90  sodic  sul[ihate  solu- 
tion ;  III.  contains  these  substances  in  the  proportion  of  30  to  80  ;  IV.,  40  to  70  ;  V.,  50  to 
60  ;  VI.,  60  to  50  ;  VII.,  70  to  40  ;  VIII.,  80  to  30  ;  IX.,  90  to  20  ;  and  X.,  100  to  10.  Excess 
of  sodic  sulphate  is  juesent  in  all  the  flasks. 

A  known  volume  of  the  blood  to  be  investigated  is  mixed  with  an  eipial  volume  of  each  of 
the  mixtures,  in  a  small  tube,  which  is  maile  by  drawing  out  a  glass  tube  1  jnillimetre  iu 
diameter  to  a  fine  point.  To  calibrate  this  tube,  suck  up  water,  say,  to  the  height  of  8  mm., 
make  a  mark  on  the  tube  w-ith  a  line  file,  then  suck  u})  the  water  initil  its  lower  level  corre- 
sponds with  the  mark.  Again  mark  the  upper  limit  of  the  water.  To  test  the  blood,  suck  ;v 
drop  of  the  mixture  I.  up  to  the  level  of  the  first  mark  on  the  glass  pipette,  and,  after  wiping 
its  point,  suck  up  an  eipial  ([uantity  of  blood.  Again  clean  the  point  of  the  pipette,  and  blow 
its  contents  into  a  watch-glass  ;  then  mix,  and  test  the  reaction  with  sensitive  violet-coloured 
litmus  paper.  Proceed  in  the  same  way  with  the  several  mixtures,  II.,  to  X.,  until  the 
alkaline  reaction  disappears  or  the  acid  appears.  The  narrow  strips  of  litmus  jyaper  are  dipped 
into  each  of  the  mixtures,  the  corpuscles  remain  in  the  wetted  part  of  the  ])a}ier,  while  the 
tluid  permeates  further  and  shows  the  reaction.  As  a  rule,  the  degree  of  alkalinity  in  human 
blood  coiresponds  to  VI.  Human  blood  can  be  sucked  directly  from  a  small  wound  made 
by  a  needle,  either  by  attaching  an  elastic  tube  or  a  small  hypodernuc  syringe  to  the  pipette- 
{Landois). 

Pathological. — The  alkalinity  is  increased  during  persistent  vomiting,  and  decreased  in 
pronounced  anajmia,  cachexia,  unemia,  rheumatism,  high  lever,  diabetes,  and  cholera.  [Imme- 
diately before  death  by  cholera  it  may  be  acid  {Cantani).] 

(3)  Odour. — Blood  emits  a  peculiar  odour,  the  halitus  sanguinis,  which  diffei-s 
in  animals  and  man. 

It  depends  upon  the  presence  of  volatile  fatty  acids.  If  concentrated  sulphuric  acid  be  added 
to  blood,  whereby  the  volatile  fatty  acids  are  set  free  from  their  combinations  with  alkalies,  tht* 
characteristic  odour,  somewhat  sinular  to  that  of  butyric  acid,  becomes  much  more  perceptible. 

(4)  Taste. — Blood  has  a  saline  taste,  depending  upon  the  salts  dissolved  in  the 
fluid  of  the  blood. 

(5)  Specific  Gravity. "The  specific  gravity  is  1056-1059  in  man,  1051-1055 
in  woman;  in  children  less.  The  specific  gravity  of  the  blood-corpuscles  is  1105, 
that  of  the  plasma  1027.    Hence  the  corpuscles  tend  to  sink. 

CHnical  Method.— A  thin  glass  tube  is  drawn  out  till  it  is  of  small  calibre,  and  then  bent  at 
a  right  angle,  and  closed  above  with  a  caoutchouc  ca^i.  Press  sligljtly  on  the  caoutchouc  cap 
and  suck  up  a  drop  of  the  freshly-drawn  blood  obtained  by  piicking  the  finger.    The  fine  capil- 
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lary-tiibc  is  at  once  iinmei-sed  in  a  solution  of  sodio  sulphate,  anil  a  drop  of  the  blood  expressed 
into  the  saline  solution.  It  is  neoessaiy  to  prepare  several  solutions  of  sodic  sulphate  witli 
spi'citie  gravities  varying  from  1050-1070.  Tlie  .solution  in  which  the  eor[)uscles  remain 
suspended  indicates  the  specific  gravity  of  the  blood  {Roij,  Landoh). 

The  di'inking  of  water  ami  hunger  diminish  the  specific  gravity  temporarily,  while  thirst  and 
the  digestion  of  dry  food  raise  it.  If  blood  be.  passed  through  an  organ  artiticially,  its  specific 
gravity  ri.ses  in  conse.iuence  of  the  absori)tion  of  dissolved  matters  and  the  giving  off  of  water. 
It  falls  after  hicmorrhagc,  and  is  diminished  in  badly-nourished  individuals.  [15y  working 
with  solutions  of  glycerine,  Jones  finds  that  it  is  highest  at  birth,  is  at  a  minimum  between  the 
.second  week  and  the  second  year;  it  rises  gradually  until  the  3iith-4.5th  year.  It  is  usually 
higher  in  the  male  than  the  female,  is  diminished  by  pregnancy,  the  ingestion  of  solid  or  li(iuid 
food,  and  gentle  exercise.] 

[(6)  Temperature. — Blood  is  viscid,  and  its  temperature  varies  fioin  36-5^  0. 
(97-7'  F.)  to  37-8^  (100^  F.).  The  warmest  blood  in  the  body  is  that  of  the 
hepatic  vein  (§  210).] 

2.  MICROSCOPIC  EXAMINATION.— [Blood,  when  examined  by  the  microscope, 
is  seen  to  consist  of  an  enormous  number  of  corpuscles  — coloured  and  colourless — 
floating  in  a  transparent  fluid,  the  plasma,  or  liquor  sanguinis. 

A  B 


Fig.  1. 

A,  human  coloured  blood-corpuscle.s — 1,  on  the  flat;  2,  on  edge  ;  3,  rouleau  of  coloured  cor- 
j)uscles.  B,  amphibian  coloured  blood-corpuscles — 1,  on  the  flat;  2,. on  edge.  C,  ideal 
transverse  section  of  a  human  coloured  blood-corpuscle  magnified  5000  times  linear — ab, 
diameter  ;  cd,  thickness. 

Human  Red  Blood-Corpuscles. — (a)  Form. — They  are  circular,  coin-shai)cd, 
homogeneous  discs,  with  saucer-like  de[)re.ssions  on  both  surfaces,  and  with  rounded 
margins  ;  in  other  words,  they  are  bi-concave,  circular  non-nucleated  discs. 

{/>)  Size. — The  diameter  (al)  is  7"7/x,'  (G*7-9-3/x)  the  greatest  thickness  (rd)  I'Ojw, 
(fig.  1,  C),  [^.^^,  it  is  tj.^Vu"  TiuVo  ^'^  1"^'^  i"^  diameter,  and  about  one-fourth  of 
that  in  thickness]. 

They  are  slightly  diminished  in  size  by  septic  fever,  inanition,  morphia,  increased  bodily 
temperature,  and  CO^ ;  and  increased  by  0,  watery  condition  of  the  blood,  cold,  consumption 
of  alcohol,  quinine,  and  hydrocyanic  acid.    Co'nijxirc  %  10,  3. 

If  the  total  amount  of  blood  in  a  man  be  taken  at  4400  cubic  centimetres,  the  corpuscles 
therein  contained  have  a  surface  of  2816  square  metres,  which  is  equal  to  a  square  surface  with 
a  side  of  80  paces  ;  176  cubic  centimetres  of  blood  pass  through  the  lungs  in  a  second,  and  the 
blood-corpuscles  in  this  amount  of  blood  have  a  superficies  of  81  s((uare  metres,  e(|ual  to  a  square 
surface  with  a  side  of  13  paces  (  Wdckcr). 

{(■)  The  weight  of  a  blood-corpuscle  is  0-00008  milligramme, 

'  The  Greek  letter /u  represents  one-thousandth  of  a  millimetre  ()u  =  0*001  mm.),  and  is  tlic 
swn  of  a  micro-millimetre,  or  a  micron. 
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(>/)  The  number  exceeds  5,000,000  per  cubic  millimetre  ia  the  male,  and 
4,500,000  in  the  female  ;  so  that,  in  10  lbs.  of  blood,  thei^e  are  25  billions  ot 
corpuscles.  The  number  is  in  inverse  ratio  to  the  amount  of  plasma  ;  hence,  the 
number  must  vary  with  the  state  of  contraction  of  the  blood-vessels,  the  pressure, 
ditiusion  currents,  and  other  conditions. 

Tlie  numbor  of  red  corpuscles  is  increased  ;  in  venous  blood  (especially  in  the  small  cutane- 
ous veins)  after  the  use  of  solid  food,  alter  nnieh  sweating,  and  tlie  excretion  of  much  water  l.y 
the  bowel 'and  kidneys;  during  inanition,  because  the  blood-plasma  undergoes  decomposition 
sooner  tlian  the  blood-corpuscles  themselves  ;  in  the  blood  of  the  newly-born  cluld,  especially 
when  the  umbilical  cord  is  long  in  being  tied  (§  40),  from  tiie  4th  day  onward  the  number  is 
diminished;  in  persons  of  robust  constitution,  nnd  in  those  who  live  m  the  country,  ihe 
number  is  diminished,  during  pregnancy,  after  copious  draughts  of  water.  In  the  earlier 
period  of  fcetal  life  the  number  is  only  i- 1  million  in  1  cubic  millimetre.  (For  the  pathological 
conditions  see  §  10.)  . 

Methods  of  Counting  the  Blood -Corpuscles. —The  pointed  end  of  a  glass  y.ipette  (hg.  -3),  the 
mixer,  is  dipped  into  the  blood,  and  by  su'-king  the  elastic  tulie/,  blood  i.s  drawn  into  the  tube 
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Fig.  3. 
Tlie  yrclcDuitnr,  pipette 
or  mixer. 


Apparatus  of  Abbe  and  Zeiss  for  counting  the 
corpuscles.  A,  in  section  ;  C,  surface  view 
without  cover-glass ;  B,  microscopic  appear- 
ance with  the  blood-corpuscles. 

until  it  reaches  the  mark  h,  on  the  stem  of  the  pipette,  or  until  the  mark  1  is  reached.  The 
carefully-cleaned  point  of  the  pipette  is  dipped  into  the  artificial  serum,  and  this  is  sucked  into 
the  pipette  until  it  reaches  the  mai-k,  101.  The  artificial  serum  consists  of  1  vol.  of  sohition  of 
gum  arable  (sp.  gr.  1020)  and  3  vols,  of  a  solution  of  cc^ual  parts  of  sodic  sulphate  and  sodic 
<;hloride  (sp.  gr.  1020).  The  process  of  mixing  the  two  fluids  is  aided  by  the  presence  of  a  little 
glass  ball  (a)  in  the  bulb  of  the  pipette.  If  blood  is  sucked  up  to  the  mark  the  strength  of 
the  mixture  is  1  :  200  ;  if  to  the  mark  1,  it  is  1  :  100  ;  a  small  drop  of  the  mixture  is  allowed  1.. 
run  into  the  counting  chamber  of  Abbe  and  Zeiss  (fig.  2).  The  first  portions  are  not  nse«l,  in 
order  to  obtain  a  uniform  sample  from  the  l)ulb  of  the  pipette.    This  chamber  consists  of  a  glas.s 
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receptaolo  O'l  mm.  doop,  with  its  base  divided  into  squares,  and  cemented  to  a  glass  slide,  the 
vhok.  being  covered  with  a  thin  covering-glass.  The  space  over  eacli  square  =  „^^  cubic 
millimetre  Count,  with  the  aid  of  a  microscope,  the  number  of  blood-corpuscles  in  ea.^h 
s-iuare,  and  the  number  found,  multiplied  by  4000,  ^vill  give  the  number  of  blood-cori.uscles  in 
rri"'^-,AA  .,Vn  "  ""^"n"''  '"""^^  ^'"^  multiplied  bv  100  or  200,  according  as  the  blood  was 
ililuted  100  or  200  times,  io  ensure  greater  aeeuracy',  it  is  well  to  count  the  number  in  iCvcrcJ 
squares,  and  to  take  the  mean  of  these. 

[Gowei-8-  Method.  —  "  The  HaBmacytometer  (lig.  4)  consists  of-(l)  a  small  pipette,  which,  when 
hUed  to  the  mark  on  its  stem,  holds  exactly  995  cubic  millimetres.  It  is  furnished  with  an 
inUia-rubher  tube  and  mouthpiece  to  facilitate  tilling  and  emptying.  (2)  A  capillary  tube 
marked  to  contain  exactly  5  cubic  millimetres,  with  india-rubber  tube  for  fdliug;  &c.  (3)  A 
sinau  glass  jar  in  whieh  the  dilution  is  made.  (4)  A  glass  stirrer  for  mixing  the  blood  and 
solution  in  the  ghiss  jar  (5)  A  brass  stage  plate,  carrying  a  glass  slip,  on  which  is  a  cell,  4  of  a 
mllmietre  deep.  1  he  bottom  of  this  is  divided  into  A  millimetre  squares.  Upon  the  to,)  of 
1  he  cell  rests  the  cover-glass,  which  is  kept  in  its  place  by  the  pressure  of  two  springs  proceeding 
from  the  ends  of  the  .stage  plate."  The  .liluting  solution  use.l  is  a  solution  of  sodfc  sulphate  in 
distilled  water  Tof"'  ^'^'^  f°^^«'^'i"S-sodic  sulphate,  104  grains  ;  acetic  acid,  1  drachm  ; 

"995  cubic  millimetres  of  the  solution  are  placed  in  the  mixing  jar  ;  5  cubic  millimetres  of 
oioocl  are  drawn  into  the  eapillary  tube  from  the  puncture  in  the  finger,  and  then  blown  into 
tne  solution.  Ihe  two  fluids  are  well  mixed  by  rotating  the  stirrer  between  the  thumb  and 
linger,  and  a  small  drop  of  tliis  dilution  is  placed  in  the  centre  of  the  cell,  the  coverint^- 


Fig.  4. 


(Jowers'  apparatus.  A,  pipette  for  measuring  tlie  diluting  solution  ;  B,  capillary  tube  fbi 
measuring  the  blood  ;  C,  cell  with  divisions  on  the  floor,  mounted  on  a  slhle  ;  1),  vessel  in 
which  the  dilution  is  made  ;  E,  glass  stirrer  ;  F,  guarded  spear-pointed  needle. 

glass  gently  put  upon  the  cell,  and  secured  by  the  two  springs,  and  the  plate  placed  upon  the 
stage  of  the  microscope.  The  lens  is  then  focussed  for  tlic  squares.  In  a  few  minutes  the 
corpuscles  have  sunk  to  the  bottom  of  the  cell,  and  are  seen  at  rest  on  the  squares.  The 
number  in  ten  squares  is  then  counted,  and  this,  multiidied  by  10,000,  gives  the  nuniber  in 
a  cubic  millimetre  of  blood." 

To  estimate  the  colourless  corpuscles  only,  mix  the  blood  with  10  parts  of  0-5  per  cent,  solu- 
tion of  acetic  acid,  which  destroys  all  the  red  corpuscles  (Thoma). 

((')  Red  blood-corpuscles  are  characterised  by  their  great  elasticity,  flexibility, 
and  softness.  [The  elastic  property  is  shown  by  the  extent  to  which  led  cor[)USflf  s 
while  circulating  may  be  distorted,  and  yet  resume  their  original  foim  as  soon  as 
the  pressure  is  removed.] 
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3.  HISTOLOGY  OF  THE  HUMAN  RED  BLOOD-CORPUSCLES.— Wlien 
observed  sino'ly,  human  red  blood-corpuscles  are  bi-concave  circular  discs  of  a 
yellow  colourwith  a  slight  tinge  of  green  ;  they  seem  to  be  devoid  of  an  envelope, 
are  certainly  non-nucleated,  and  a]ipear  to  be  homogeneous  throughout.  Each 
corpuscle  consists  (1)  of  a  framework,  an  exceedingly  pale,  transj^arent,  soft 
l)rotoplasni— the  stroma  ;  and  (2)  of  the  red  pigment,  or  hopinoglobin,  which 
impregnates  the  stroma,  much  as  fluid  passes  into  and  is  retained  in  the  interstices 
of  a  bath-sponge. 

4.  EFFECT  OF  REAGENTS.— (A)  On  their  Vital  Phenomena.— The  blood- 
corpuscles  present  in  shed  blood — or  even  in  defibrinatcd  blood,  when  it  is 
i-eintroduced  into  the  circulation — retain  their  vitality  and  functions  undiminished. 
Heat  acts  powerfully  on  their  vitality,  for  if  blood  be  heated  to  52"  C,  the  vitality 
of  the  red  corpuscles  is  destroyed.  Mammalian  blood  may  l)e  kept  for  four  or 
jive  days  in  a  vessel  under  iced  water,  and  still  retain  its  functions  ;  but  if  it  be 
kept  longer,  and  reintroduced  into  the  circulation,  the  corpuscles  rapidly  break  up 

■ — a  proof  that  they  have  lost 
their  vitality.  The  red  corpuscles 
in  freshly  shed  blood  sometimes 
exhibit  a  ])eculiar  miilberry-like 
appearance  (tigs.  5,  6, ;/,  h).  [This 
is  called  crenation  of  the  coloured 
corpuscles.  It  occurs  in  cases 
of  poisoning  with  Calabar  bean  ; 
and  also  by  the  addition  of  a  2  per 
cent,  solution  of  common  salt.] 
The  blood  of  many  persons  crenates 
spontaneously  —  a  condition  as- 
cribed to  an  active  contraction  of 
the  stroma,  but  it  is  doubtful  if 
this  is  the  cause.  The  red  cor- 
puscles of  the  embryo-chick  undergo 
active  contraction. 

(B)  On  their  External  Charac- 
ters.^— i'l)  The  colour  is  changed 
by  many  gases.  O  makes  blood 
scarlet,  \vant  of  O  renders  it  dark 
bluish-red,  CO  makes  it  cherry-red, 
NO  violet-red.  There  is  no  difference  between  the  shape  of  the  corpuscles  in  arterial 
and  venous  blood.  All  reagents  (cff.,  a  concentrated  solution  of  sodic  sulphate), 
which  cause  great  shrinking  of  the  coloured  corpuscles,  produce  a  very  bright  scarlet 
or  brick-red  colour.  The  red  colour  so'!produced  is  quite  different  from  the  scarlet- 
red  of  arterial  blood.  Reagents  v,'hicli  render  blood-corpuscles  globular  darken  the 
blood,  t\r/.,  water. 

[The  contrast  is  very  striking,  if  we  compare  blood  to  which  a  10  per  cent,  solution  of  common 
ssalt  has  been  added  witli  lilood  to  which  M-ater  has  been  added.  With  rejected  light  the  one 
is  bright  red,  and  the  other  a  very  dark  deep  crimson,  almost  black.] 

(h)  Formation  of  Rouleaux. — A  very  common  phenomenon  in  shed  blood  is  the 
tendency  of  the  corpuscles  to  run  into  rouleaux  (fig.  1,  A,  .3). 

Conditions  that  increase  tlie  congulability  of  the  blood  favour  this  jdienomenon,  which  is 
ascribed  by  Dogicl  to  the  attraction  of  tlie  discs  and  tlie  formation  of  a  sticky  substance.  [Tlie 
cause  of  the  formation  of  rouleaux  is  by  no  means  clear.  The  corpuscles  may  be  detached  from 
each  other  by  gently  touching  tlie  cover-glass,  but  the  rouleaux  may  re-form.  Lister  suggested 
that  the  surfaces  of  the  corpuscles  wore  so  altered  that  they  become  adhesive.  iS'orris  made  ex- 
jieriments  with  corks  weighted  with  tacks  orpins,  so  as  to  produce  partial  submersion  of  the  cork 


Fig.  5. 

Crenation  of  human  red  blood-corpuscles. 
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<liscs.  These  discs  rapiiUy  oolunr,  owing  to  capillaiity,  and  form  rouleaux.  If  the  discs  he 
eompletely  suhnicrged  tliey  remain  apart,  as  occurs  witli  unaltered  blood-corpuscles  within  the 
hlood-vessels.  If,  however,  the  cor])uscles  be  dijjped  in  petroleum,  and  then  placed  in  watei', 
J'ouleanx  are  formed.]  If  reagents  which  cause  the  corpuscles  to  swell  up  be  added  to  the  blood, 
the  corpuscles  become  globular  and  the  rouleaux  break  up.  According  to  E.  Weber  and  Suchard, 
the  uniting  medium  is  not  librin  (although  it  may  sometimes  assume  a  librous  form),  but  belongs 
to  the  jK'riphcral  h\yer  of  the  corpuscles. 

(f)  Changes  of  Form. — The  discharge  of  a  Leyden  jar  causes  the  corpuscles  to 
crenate,  so  that  their  surfaces  are  beset  with  coarse  or  tine  projections  (fig.  6,  c,  d, 
'  it  also  causes  the  corpuscles  to  assume  a  spherical  form  (?,  r),  and  they 


Fig.  6. 


li<  d  blood-corpuscles,  a,  h,  normal  human  red  corpuscles,  tlie  central  depression  more  or  less 
in  focus  ;  c,  d,  <%  mulberry,  and  g,  k,  crenated  forms  ;  k,  jiale  corpuscles  decolorised  bj' 
water  ;  /,  stroma  ;  /,  frog's  blood-corpuscle  acted  on  by  a  strong  saline  solution. 

become  smaller  than  normal.  The  corpuscles  so  altered  are  sticky,  and  run  together 
like  drops  of  oil,  forming  larger  spheres.  The  prolonged  action  of  the  electrical 
.spark  causes  the  lijemoglobin  to  separate  from  the  stroma  (k),  whereby  the  fluid 
part  of  the  blood  is  reddened,  while  the  stroma  is  recognisable  only  as  a  faint 
shadow  (/).  Similar  forms  are  to  be  found  in  decomposing  blood,  as  well  as  after 
the  action  of  many  other  reagents.  Heat. — When  blood  is  heated,  on  a  warm 
stage,  to  52°  C.  the  corpu.scles  exhibit  remarkable  changes.  Some  of  them  become 
spherical,  others  biscuit-shaped  ;  some  are  perforated,  while  in  others  small  portions 
become  detached  and  swim  about  in  the  surrounding  fluid,  a  proof  that  heat 
destroys  the  histological  individuality  of  the  corpuscles.  If  the  heat  be  continued, 
the  corpuscles  are  ultimately  dissolved     10,  3). 

Heat  acts  like  the  addition  of  a  concentrated  solution  of  urea  to  blood.  If  strong  pressure 
be  exerted  upon  a  microscopic;  pie])aration,  the  blood-corpuscles  may  break  in  pieces.  The 
latter  process  is  called  hsemocytotrypsis,  in  contradistinction  to  that  of  solution  of  the  cor- 
puscles or  hsemocytolysis. 

If  a  finger  moistened  with  Idood  be  rapidly  drawn  across  a  warm  slip  of  glass,  so  that  the 
Muid  dries  rapidl}-,  the  corpuscles  exhibit  very  remarkable  shapes,  showing  their  great  ductility 
and  softness. 

Cytozoon— Gaule's  Experiment.— A  few  drojis  of  freshly-shed  frog's  blood  are  mixed  with  5 
CO.  of  0"6  per  cent,  solution  of  common  salt,  and  the  mixture  delibrinated  by  shaking  it  along 
with  a  few  e.c.  of  mercury.  A  drop  of  the  defibrinated  blood  is  examined  on  a  liot  stsige 
30°-32°  C.)  under  a  microscope,  when  a  jn'otoplasinic  mass,  the  so-called  "  JViirinchcn" 
<jscapes  with  a  lively  movement  from  many  cor|)usclcs,  and  ultimately  dissolves.  Similar 
"cytozoa"  were  discovered  by  Gaule  in  the  epithelium  of  the  cornea,  of  the  stomach  and 
intestine,  in  connective-tissue,  in  most  of  the  large  glands,  and  in  the  retina  (frog,  tritou).  In 
mammals  also  he  found  similar  but  smaller  stru(!tures.  Most  probably  these  structures  are 
parasitic  in  their  nature,  as  suggested  by  Ray  Lankcster,  who  called  the  parasite  Drepanidinm 
ranarum. 

[Staining  Reagents. — Such  reagents  as  magenta,  picro-carmine,  carmine,  and 
many  of  the  aniline  dyes,  stain  tTie  nucleus  deeply  when  such  is  present,  and 
although  they  must  traverse  the  hcemoglobin  to  reach  the  nucleus,  the  hiemoglobin 
itself  is  not  stained.    When  no  nucleus  is  present,  therefore,  the  corpuscles  are  not 
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stained.  Magenta  causes  one  or  more  small  spots  or  macule^  to  appear  on  the  edge 
of  the  corpuscles  (iig.  7,  What  its  signiHcance  is,  is  entirely  unknown.  Normal 
saline  solution  (0-6  per  cent.  NaCl),  tinged  with  methyl  violet,  is  a  good  staining 
and  preservative  agent.] 

[Agitation  with  Mercury.— If  ox  blood  be  shaken  up  with  mercury  for  7  or  8  hours,  the  cor- 
puscles e()iiii)k'tely  ilisapjiear,  no  trace  of  stroma  or  corpuscles  being  found  in  the  fluid  {Mclt'.er 
and  Welch).  The  addition  of  pyrogallic  acid  (20  per  cent),  potassic  chlorate  (6  per  cent.), 
and  silver  nitrate  (3  jier  cent.),  completely  prevents  ilissolution  of  the  corpuscles,  even  thougli 
the  shaking  be  ke])t  up  for  fourteen  days.]  ,    .  , 

If  blooil  be  mixed  with  concentrated  gum  solution,  and  if  concentrated  salt  solution  be  added 
to  it  under  the  microscope,  the  corpuscles  assume  elongated  forms.  Similar  forms  are  obtained 
by  mixing  blood  with  an  C(iual  volume  of  gelatine  at  36"  C,  allowing  it  to  cool,  and  then 
making  sections  of  the  coagulated  mass.  The  corpuscles  may  be  broken  up  by  pressing 
lirmly  on  the  cover-glass.  In  all  these  experiments  no  trace  of  an  euveluiie  around  the  cor- 
puscles is  observed.  [An  excellent  reagent  for  "  fixing  "  the  blood-corpuscles  is  either  a  dilute 
solution  or  the  vajiouv  of  osniic  acid.] 

Conservation  of  the  Corpuscles. — In  investigating  blood  with  tlie  microscope  for  forensic 
purposes,  it  is  necessary  to  have  a  solvent  for  the  blood  when  it  occurs  as  stains  on  a  garment 
or  instrument.    Dried  stains  are  dissolved  by  a  concentrated,  or  a  30  per  cent,  solution  of 
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Fig.  7. 

(I,  b,  human  red  blood-corpuscles  ;  a,  acted  on  by  magenta  ;  b,  by  tannic  acid.  The  others  are 
amphibian  red  blood-corpuscles  ;  c,  d,  e,  effect  of  tannic  acid  ;  /,  of  dilute  acetic  acid  ;  g,  o( 
diUito  alcohol ;  d,  by  boi'acic  acid  {Slirling). 
caustii;  ])otash,  or  with  one  of  the  preserving  fluids.  If  the  stain  be  softened  with  con- 
centrated tartaric  acid,  colourless  corpuscles  are  sjiccially  distinct  [Struvic).  Nevertheless, 
corpuscles  are  often  not  found  in  such  stains.  If  the  corjuiscles  have  become  very  pale, 
their  colour  may  be  improved  hy  adding  a  solution  of  iodide  of  potassium,  a  saturated  solution 
of  picric;  acid,  20  per  cent,  pyrogallic  acid,  or  3  per  cent,  solution  of  silver  nitrate. 

5.  STROMA— LAKE-COLOURED  BLOOD.— Many  reagents  cause  the  hasmo- 
globin  to  separate  from  the  stroma.  The  haemoglobin  dissolves  in  the  serum  ;  the 
blood  becomes  dark  red  and  transparent,  as  it  contains  its  colouring  matter  in 
solution,  and  hence  it  is  called  "  lake-coloured"  {Itollctt).  The  aggregate  condition 
of  the  lisemoglobin  is  not  altered  when  the  corpuscles  are  dissolved — it  only 
changes  its  place,  leaving  the  stroma  and  passing  into  the  serum.  Hence,  the 
temperature  of  the  blood  is  not  lowered  thereby. 

Methods. — To  obtain  a  large  quantity  of  the  stroma  for  chemical  purposes,  add  10  vols,  ol 
a  solution  of  common  salt  (1  vol.  concentrated  solution,  and  15  to  20  vols,  of  water)  to  1  vol. 
of  deiibrinated  blood,  when  the  stromata  are  thrown  down  as  a  whitish  precipitate. 

For  microscopical  purposes,  mix  blood  Avith  an  eciual  volume  of  a  concentrated  solution  of 
.sodic  suljihate,  and  cautiously  add  a  1  per  cent,  solution  of  tartaric  aciil. 

The  following  reagents  cause  a  .separation  of  the  stroma  from  the  luemoglobin,  and  thus  make 
blood  transparent : — 

(«)  Physical  Agents.— 1.  Heating  the  blood  to  60°  C.  {SchuJl-^c)  ;  the  temperature,  however, 
varies  for  the  blood  of  different  animals.  2.  Repeated  freezing  and  thawing  of  the  blood 
[Rolldt).  3.  Si)arks  from  an  electrical  machine  (but  not  after  the  addition  of  salts  to  the 
blood)  (Rolldt)  ;  the  constant  and  induced  currents  {N'cnmann). 

{b)  Chemically  active  Substances  produced  within  the  Body. — 4.  Bile  [Hiiiicfcld),  or  bile  salts 
(Planner,  v.  Jhisrh).  5.  Serum  of  other  species  of  animals  (Landois)  ;  thus  dog's  scrum  ami 
frog's  serum  dissolve  the  blood-corpuscles  of  the  rabbit  in  a  few  minutes.  6.  The  addition  of 
lake-coloured  blood  of  many  s])ecies  of  animals  (Landois). 

(c)  Other  Chemical  Reagents.-/.  Water.  8.  The  vapour  of  chloroform  (Bbttchcr)  ;  ether  (v. 
Wittieh) ;  amyls,  small  riuantities  of  alcohol  (Rollctt)  ;  thymol  (Marchand)  ;  nitrobenzol, 
ethylic  ether,  aceton,  i)etiolcum  ether,  &c.  (L.  Larin).  9.  Antimoniuretted  hydrogen,  arseni- 
uretted  hydrogen  ;  carbon  bisulphide  ;  boracic  acid  (2  per  cent.),  added  to  amphibian  blood, 
causes  the  red  mass  (which  also  encloses  the  nucleus  Avhcn  such  is  present),  the  so-called 
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zooid,  to  separate  from  the  oecoid  (iig.  7,  d).  The  zooiil  may  shrink  from  tlie  iierijihery  of  tlit- 
corpuscle,  or  it  may  pass  out  of  the  oorpusele  altof^ether  ( Briiclr)  ;  lUiicke  regards  tlie  stroma  in 
a  certain  sense  as  a  house,  in  which  the  remiiiiider  of  the  substance  of  the  corpusck^  the  chief 
part  endowed  with  vital  phenomena,  lives.  11.  Strong  solutions  of  acids  ilissolve  the  cor- 
puscles ;  more  dilute  solutions  cause  precipitates  in  the  luemoglobin.  This  is  easily  seen  witli 
carbolic  acid  (//«7s  and  Landois,  Stirlimj  and  lUinnie).  12.  Alk.alies  of  moderate  strengtli 
cause  sudden  solution.  A  10  per  cent,  solution  of  potash,  placed  at  the  edge  of  a  cover- 
glass,  shows  the  process  of  solution  going  on  under  the  microscope.  At  tirst  the  corpuscles 
become  glolmlar,  and  so  appear  smaller,  but  afterwartls  they  burst  like  soap-bubbles.  [13. 
N HjCl  injected  into  the  blood  causes  vacuolation  of  tiie  red  corpuscles  {Bol/ritzkij).  14.  Sodic 
salicylate,  benzoate,  and  colchicin,  di.ssolve  the  red  corpuscles  {N.  Fatoii).] 

[Tannic  Acid. — A  freshly  prepared  solution  of  tannic  acid  has  a  remarkable  eflect  on  the  col- 
oured blood-corpu.sdes  of  man  and  aninuils — causing  a  separation  of  the  hicmoglobin  from  the 
stroma  (  fV.  Eohryfs).  The  usual  elleet  is  to  produce  one  or  more  granular  buds  of  luemo- 
globin on  the  side  of  the  corpuscles  (tig.  7,  b,  c)  ;  nuire  rarely  the  hieiuoglobin  collects  around 
the  nucleus,  if  .such  be  present  (tig.  7,  d),  or  is  e.xtruded,  as  sliown  in  tig.  7,  e.] 

[Ammonium  or  Potassium  Snlpho-cyanide  removes  the  hremoglobin,  and  reveals  a  reticular 
structure — intra- KKclrar  plexus  of  tibrils  {Stirlinc/  and  Eainiiej.] 

The  Amount  of  Gases  in  the  blood  exercises  an  important  iuHuence  on  their  solubility.  The 
corpuscles  of  venous  blood,  which  contains  much  CO.j,  are  more  easily  dissolveil  tlian  those  of 
arterial  blood  ;  while  between  both  stnnds  blood  containing  CO.  When  the  gases  are  com- 
pletely removed  from  the  blood,  it  becomes  lake-coloured. 

Salts  increase  the  resistance  of  the  corpuscles  to  physical  means  of  uohition,  while 

they  facilitate  the  action  of  chemical  solvents. 

If  certain  salts  be  added  in  substance  to  blood,  they  make  blood  lake-coloured  ;  potassic 
sulphocyanide,  sodic  chloride,  &c.  (Koion/ewsh/). 

Resistance  to  Solvents. — The  red  blood-corpuscles  offer  a  certain  degree  of 

resistance  to  the  action  of  solvents. 

Method. — Mix  a  small  droj)  of  blood  with  an  ecpial  volume  of  a  3  per  cent,  solution  of  sodic 
chloride,  and  then  add  distilled  water  until  all  the  coloured  corpuscles  are  dissolved.  Fill  th(^ 
mixer  (tig.  3)  up  to  the  mark  1  with  blood  ol)tained  by  pricking  the  linger,  and  blow  this  blood 
into  an  e(]ual  volume  of  a  3  per  cent,  solution  of  NaCl  previously  placed  in  n,  hollow  in  a  glass 
slide,  ^lix  the  lluids,  and  the  corpuscles  will  remain  undi.ssolved.  By  means  of  the  pipette 
add  distilled  water,  and  go  on  doing  so  until  all  the  corpuscles  are  dissolved  ;  which  is  ascertained 
with  the  micro.scope.  In  normal  blood,  solution  of  the  corpuscles  occurs  after  30  volumes  of 
distilled  water  have  been  added  to  the  blood  (Lnndois). 

Tiiere  are  some  individuals  whose  blood  is  more  soluble  than  that  of  others  ;  their  corpuscles 
are  soft,  and  readily  undergo  changes.  Many  conditions,  such  as  chohcmia,  poisoning  with 
substances  which  dissolve  the  corpuscles,  and  a  markedly  venous  condition  of  the  blood,  atlect 
the  corpuscles.  Interesting  observations  may  be  made  on  the  blood  in  infectious  diseases, 
liajmoglobinuria,  and  in  ca.ses  of  burning.  In  anaiinia  and  fever,  the  capacity  for  resistance 
.seems  to  be  diminished. 

6.  FORM  AND  SIZE  OF  THE  BLOOD-CORPUSCLES  OF  ANIMALS.— All 

mammals  (with  the  exception  of  the  camel,  llama,  alpaca,  and  their  allies),  and  the 
cyclostomata  amongst  fishes,  e.r/.,  Petromyzon,  po.ssess  circular  bi-concave  non- 
nudeated  disc-shaped  corpuscles.  Elliptical  corpuscles  without  a  nucleus  arc  found 
in  the  above-named  mammals,  while  all  birds,  reptiles,  am[)hibians  (fig.  1,  1,  2), 
and  fishes  (except  cyclostomata)  have  nucleated  elliptical  bi-convex  corpuscles. 


Size  Ot=0-001  Millimetre) 

Of  the  Disc-shaped 
Corpuscles. 

Of  the  EUiptical  Corpuscles. 

Short  Diameter. 

Lone;  Diameter. 

Elephant.     .       .    9-4  ^ 
Man,    .       .       .7-7  ,, 
Dog,    .       .       .    7-3  ,, 
Rabbit,        .       .  6-9,, 
Cat,     .       .       .    6-.5  ,, 
Sheep,  .       .       .5-0  ,, 
Goat,   .       .       .4-1  ,, 
Musk-deer,  .       .    2-5  ,, 

Llama,       .       .     4"0  ;u 
Dove,         .       .      6"5  ,, 
Frog,         .       .    15*7  ,, 
Triton,       .       .    19"?  ,, 
Proteus,     .       .  35-0,, 

The  corpu.scles  of  Amphiui 
than  those  of  Proteus  {lUdde 

8-0 
14-7  „ 
22-3  ., 
29  -3  ., 
58-0  ., 

na  are  nearly  one-third  larger 

0. 
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Anioii<;st  vertebrates,  ainphioxus  has  colourless  blood.  The  large  blood-corpuscles  of  many 
amphibia,  e.g.,  iuiiphiuma,  are  visible  to  the  naked  eye.  The  blood-corpuscles  of  the  frog 
contain,  in  addition  to  a  nucleus,  a  nucleolus  {Aucrhach,  llanvicr),  [and  the  same  is  true  of  the 
coloured  corpuscles  of  the  newt  {Stirling).  The  nucleolus  is  revealed  by  acting  on  the 
corpuscles  with  dilute  alcohol  (1,  alcohol  ;  2,  water  ;  Ranvier's  "  (dcoolnu  tiers  "  (tig.  7,  «/)•]  It 
is  evident  that  the  larger  the  blood-cori)uscles  are,  tlio  smaller  must  be  the  number  and  total 
superlicies  of  tlie  corpuscles  in  a  given  volume  of  blood.  In  birds,  liowcver,  the  number  is 
relatively  larger  than  in  other  classes  of  vertebrates,  notwitlistauding  the  larger  size  of  tlieir 
corpuscles  ;  this,  doubtless,  has  a  relation  to  tiie  very  energetic  metabolism  that  takes  ]ilace  in 
birds  (Malasscz).  Amongst  mammals,  carnivoia  have  more  blood-corpuscles  than  herbivora. 
(loat's  blood  contains  9,720,0U0  corjiuscles  per  cubic  millimetre;  llama's,  1-3,000,000;  bull-, 
tinch's,  :3,600.000;  lizard's,  1,420,000;  frog's,  404,000;  and  that  of  proteus,  36,000  ( Jrc/fto"). 
Ill  hybernating  animals,  the  number  diminishes  from  7,000,000  to  2,000,000  per  cubic 
millimetre.  No  relation  exists  between  the  size  of  tlie  animal  and  that  of  its  blood- 
(torpuscles. 

The  invertebrata  generally  have  colourless  blood,  with  colourless  corpuscles  ;  but  the  earth- 
worm, and  the  larva  of  the  large  gnats,  &c.,  have  red  Idood  whose  i)lasma  contains  haemoglobin, 
while  the  blood-cor])usclcs  themselves  are  colourless,  ^lany  invertebrates  possess  red,  violet, 
brown,  or  green  ojjalescent  blood  with  colourless  corpuscles  (anneboid  cells).  In  ce])halopods, 
and  some  crabs,  tlie  blood  is  blue,  owing  to  the  presence  of  a  colouring  matter  (hsemocyanin), 
which  contains  copper,  and  combines  with  0. 

7.  ORIGIN  OF  THE  RED  BLOOD-CORPUSCLES.— (A)  During  Embryonic 
Life. — Blood-corpuscles  are  developed  in  the  fowl  during  the  first  days  of  embryonic 
life.  [They  appear  in  groups  within  the  large  branched  cells  of  the  niesoblast,  in  the 
vascular  area  of  the  blastoderm  outside  the  developing  body  of  the  chick,  where 
they  form  the  "  blood-islands  "  of  Pander.  The  mother-cells  form  an  irregular 
network  by  the  union  of  the  processes  of  adjoining  cells,  and  meantime  the  central 
jnasses  split  up,  and  the  nuclei  multiply.  The  small  nucleated  masses  of  proto- 
plasm, which  represent  the  blood-corpuscles,  acquire  a  reddish  hue,  while  the  sur- 
rounding protoplasm,  and  also  that  of  the  processes,  becomes  vacuolated  or  hollowed 
out,  constituting  a  branching  system  of  canals  ;  the  outer  part  of  the  cells  remaining 
with  their  nuclei  to  form  the  w^alls  of  the  future  blood-vessels.  A  fluid  appears 
within  this  system  of  branched  canals  in  which  the  corpuscles  lie,  and  gradually  a 
communication  is  established  with  the  blood-vessels  developed  in  connection  with 
the  heart.  According  to  Klein,  the  nuclei  of  the  protoplasmic  wall  also  proliferate, 
and  give  rise  to  new  cells,  which  are  w^ashed  away  to  form  blood-corpuscles.]  At 
first  the  corpuscles  exhibit  amreboid  movements,  are  devoid  of  pigment,  nucleated, 
globular,  larger,  and  more  irregular  than  the  permanent  corpuscles.  They  become 
coloured,  retain  their  nucleus,  and  are  capable  of  undergoing  multiplication  by 
division  ;  Remak  observed  all  the  stages  of  the  process  of  division,  which  is  best 
seen  from  the  .3rd  to  the  .5th  day  of  incubation.  Increase  by  division  also  takes  place 
in  the  larviu  of  the  salamander,  triton,  and  toad  {F/evunin;/);  and  during  the  intra- 
uterine life  of  a  mammal,  in  the  spleen,  bone-marrow,  the  livei',  and  the  circulating 
blood  {Bizxozcro). 

Neumann  found  in  the  liver  of  the  embryo  protoplasmic  cells  containing  red  blood- 
corpuscles.  Cells,  some  with,  others  without,  haemoglobin,  but  with  large  nuclei, 
have  been  found.  These  cells  increase  by  division,  their  nucleus  shrivels,  and  they 
ultimately  form  bIood-cor]")Uscles  {L'dzvit).  Tlie  spleen  is  also  regarded  as  a  centre 
of  their  formation,  but  this  seems  to  be  the  case  only  during  embryonic  life 
{Nnivumn).  Here  the  red  corpuscles  are  said  to  arise  from  yellow,  round,  nucleated 
cells,  which  represent  transition  forms.  Foa  and  Salvioli  found  red  corpuscles 
forming  endogenously  within  large  protoplasmic  cells  in  lymphatic  glands.  In  the 
later  period  of  embryonic  life,  the  characteristic  non-nucleated  corpuscles  seem  to 
be  developed  from  the  nucleated  corpuscles.  The  nucleus  becomes  smaller  and 
smaller,  breaks  up,  and  gradually  disappears.  In  the  human  embryo  at  the  fourth 
week,  only  nucleated  corpuscles  are  found  ;  at  the  third  month  their  number  is  still 
|-J  of  the  total  corpuscles,  while  at  the^end  of  foetal  life  nucleated  blood-corpuscles 
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are  very  rarely  found.  Of  cour.se,  in  animals  with  nucleated  blood -corpuscles,  the 
nucleus  of  the  embryonic  blood-corpuscles  remains. 

(B)  During  Post-Embryonic  Life.— Kulliker  assumed  that  in  the  tail  of  the  tadpole 
•capillaries  are  formed  by  the  anastomoses  of  the  processes  of  branched  and  radiating 
connective-tissue  corpuscles.  These  corpuscles  lose  their  nuclei  and  proto])lasm, 
become  hollowed  out,  join  with  neighbouring  capillaries,  and  thus  form  new  Ijlood- 
<?hannels.  J.  Arnold  and  Golubew  oppose  this  view,  asserting  that  the  blood- 
capillaries  in  the  tail  of  the  tadpole  give  off  solid  buds  at  different  places,  which 
grow  more  and  more  into  the  surrounding  tissues,  and  anastomose  with  each  other  ; 
after  their  protoplasm  and  contents  disappear  they  become  hollow,  and  a  branched 
.system  of  capillaries  is  formed  in  the  tissues.  Ranvier  noticed  the  same  mode  of 
growth  in  the  omentum  of  newly-born  kittens. 

Young  rabbits,  a  week  old,  have,  in  their  omentum,  small  white  or  milk  spots 
{Kander),  in  which  lie  "  vaso-formative  cells,"  i.e.,  highly  refractive  cells  of 
variable  .shape,  with  long  cylindrical  protoplasmic  processes  (tig.  8).  In  its  refractive 
power  the  protoplasm  of  these 
■cells  resembles  that  of  lymjjh- 
corpuscles.  Long  rod-like  nuclei 
lie  within  these  cells  (K,  K),  and 
also  red  hlood-corjimrle.f  (/•,  ?•), 
and  both  are  surrounded  with 
protoplasm.  These  vaso-forma- 
tive  cells  give  olf  protoplasmic 
processes  {a,  a),  some  of  which 
end  free,  while  others  form  a 
network.  Here  and  there  elon- 
gated connective-tissue  corpuscles 
lie  on  the  branches,  and  ulti- 
mately form  the  adventitia  of  the 
blood-vessel.  The  vaso-formative 
cells  have  many  forms  :  they  may 
be  elongated  cylinders  ending  in 
points,  or  more  round  and  oval, 
resembling  lymph  cells,  or  modi- 
tied  connective-tissue  corpuscles. 


'  vnso-fonua- 
rabhit  seven 
K,  K,  iniclei 
which 


Formation  of  red  blood -corpuscles  within 
tive  cells,  "  from  tlic  omentum  of  a 
days  old.    /•,  r,  the  formed  corpuscles 
of  the  vaso-formative  cell  ;  <>■,  a,  processes 
ultimately  unite  to  form  capillaries. 

Tlu'i^e  c.cHs^  (ire  ahcayK  the  Ke/(t  of  o)'l(/ln  of  nan- 
micleated  red  hlood-corjntsde.s,  which  arise  in  the  protoplasm  of  vaso-formative  cells, 
as  chlorophyll  grains  or  starch  granules  arise  within  the  cells  of  plants.  The 
corpuscles  escape,  and  are  washed  into  the  circulation  when  the  cells,  by  means  of 
their  processes,  form  connections  with  the  circulatory  system.  J'robably  the  vessels 
so  formed  in  the  omentum  are  only  temporary.  May  it  not  be  that  there  are  many 
other  situations  in  the  body  where  blood  is  regenerated  1 

[The  observations  of  >Sch;ifer  also  prove  the  intra-cellular  origin  of  red  blood- 
corpuscles,  and  although  this  mode  usually  ceases  before  birth,  still  it  is  found  in 
the  rat  at  birth.  The  protoplasm  of  the  subcutaneous  connective-tissue  corpuscles, 
which  are  derived  from  the  mesoblast,  has  in  it  small  coloured  globules  about  the 
size  of  a  coloured  corpuscle.  The  mother-cells  elongate,  become  pointed  at  their 
ends,  and  unite  with  processes  from  adjoining  cells.  .  The  cells  become  vacuolated  ; 
fluid  or  plasma,  in  which  the  liberated  corpuscles  float,  appears  in  their  interior,  and 
ultimately  a  communication  is  established  with  the  general  circulation.] 

Neumann  observed  similar  formations  in  the  embryonic  liver  ;  Wissotzky  in  the  rabbit's 
amnion  ;  Klein  in  the  embryo  chick  ;  and  Bayerl  in  ossifyin<^  cartilage.  All  these  observations 
go  to  show  that  at  a  certain  early  period  of  development  blood-corpuscles  are  formed  within 
other  large  cells  of  the  mesoldast,  and  that  part  of  the  protoplasm  of  these  blood-forming  cells 
remains  to  form  the  wall  of  tiic  future  blood-vessel. 
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(C)  Later  Formation.— Most  observers  agree  that  the  red  blood-corpuscles  are 
t'orined  from  special  nucleated  cells,  which  gradually  assume  the  form  and  colour  of 
the  i)erfect  red  corpuscle.  According  to  Neumann,  however,  these  corpuscles  are 
pigmented  from  the  first.  In  the  tailed  amphibians  and  hshes,  the  spleen,  in  all 
other  vertebrates  the  red  marrow  of  bone,  are  the  seats  of  formation  of  these 
corpuscles,  which  subsequently  increase  by  division  {Neumann,  Rtndjiniirk, 
Bizzozero).  In  the  red  marrow  of  bone  we  can  study  all  the  stages  of  the  transforma- 
tion ;  especially  pale  contractile  cells  similar  to  colourless  corpuscles,  and  also  red 
nucleated  corpuscles,  which  are  similar  to  the  nucleated  cori)Uscles  of  the  embryo, 
and  the  progenitors  of  the  red  corpuscles.  These  transition  cells  are  said  by  Erb  to 
be  more  numerous  after  severe  ha-morrhage,  the  number  of  them  occurring  in  the 
blood  corresponding  with  the  energy  of  the  formative  i)rocess.  After  copious 
h£emorrhage,  these  transition  forms  appear  in  numbers  in  the  blood-stream.  The 
small  veins,  and,  perhaps,  the  capillaries  of  the  red  marrow  of  bone  and  the  spleen 
have  no  proper  walls,  so  that  the  red  corpuscles  when  formed  can  pass  into  the 
circulation. 

Eed  or  blood-foiniing  marrow  occiu's  in  the  bones  of  the  skull,  and  in  most  of  the  liones  of 
the  trunk,  wliile  the  bones  of  the  extremities  either  contain  yellow  marrow  (which  is  essentially 
fatty  in  its  nature),  or,  at  most,  it  is  only  the  heads  of  the  long  bones  that  contain  red  marrow. 
Whei"e  the  blood-regeneration  process  is  very  active,  however,  the  yellow  marrow  may  be 
changed  into  red,  even  throughout  all  the  bones  of  the  extremities  {Neumann). 

8.  DECAY  OF  THE  RED  BLOOD-CORPUSCLES.— The  blood-corpuscles 
undergo  decay  within  a  limited  time,  and  the  liver  is  regarded  as  one  of  the  chief 
places  in  which  their  disintegration  occurs,  because  bile-pigments  are  formed  from 
haimoglobin,  and  the  blood  of  the  hepatic  vein  contains  fewer  red  corpuscles  than 
the  portal  vein. 

The  splenic  pulp  contains  cells  which  indicate  that  coloured  corpuscles  are 
broken  up  within  it.  These  are  the  so-called  "  blood-coi'puscle-containing  cells  " 
(>;  102).  Quincke's  observations  go  to  show  that  the  red  corpuscles — which  may 
live  from  three  to  four  weeks — when  about  to  disintegrate,  are  taken  up  by  the  white 
blood-corpuscles  in  the  hepatic  capillaries,  by  the  cells  of  the  spleen  and  the  bone- 
marrow,  and  are  stored  up  chiefly  in  the  capillaries  of  the  liver,  in  the  spleen, 
and  in  the  marrow  of  bone.  They  are  transformed,  partly  into  coloured,  and 
partly  into  colourless  proteids  which  contain  iron,  and  are  either  deposited  in  a 
granular  form,  or  are  dissolved.  Part  of  the  products  of  decomposition  is  used  for 
the  formation  of  new  blood-corpuscles  in  the  marrow  and  in  the  si)leen,  and  also 
perhaps  in  the  liver,  while  a  portion  of  the  iron  is  excreted  by  the  liver  in  the  bile. 

That  the  normal  red  blood-corpuscles  and  other  particles  suspended  in  the  blood-stream  ari' 
not  taken  up  in  this  way,  may  be  due  to  their  being  smooth  and  polished.  As  the  corpuscles 
grow  older  and  become  more  rigid,  they,  as  it  were,  are  caught  by  the  amndioid  cells.  As  cells 
containing  blood-corpuscles  are  very  rarely  found  in  the  general  circulation,  one  may  assume 
that  the  occurrence  of  these  cells  within  the  spleen,  liver,  and  marrow  of  bone  is  favoured  by 
the  slowness  of  the  circulation  in  these  organs  {Quincke). 

Pathological. — In  certain  pathological  conditions,  ferruginous  substances  derived  from  the 
red  blood-coriiuscles  are  found  in  masses  in  the  spleen,  the  marrow  of  bone,  and  the  cajiillaries 
of  the  liver  : — (1)  When  the  disintegration  of  blood-corpuscles  is  increased,  as  in  an;emia 
{Slah/'J,).  (2)  When  the  formation  of  red  blood-corpuscles  from  the  old  material  is  diminished. 
If  the  excretion  from  the  liver  cells  be  prevented,  iron  accumulates  within  them  ;  it  is  also  more 
abundant  in  the  blood-serum,  and  it  may  even  accumulate  in  the  secretory  cells  of  the  cortex 
of  the  kidney  and  iiancreas,  in  gland  cells,  and  in  the  tissue  elements  of  other  organs.  When 
the  amount  of  blood  in  dogs  is  greatly  increased,  after  four  weeks  an  enormous  number  of 
granules  containing  iron  occur  in  the  leucocytes  of  the  liver  caiiillaries,  the  cells  of  the  spleen, 
bone-marrow,  lymph-glands,  liver  cells,  and  the  epithelium  of  the  cortex  of  the  kidney.  The 
iron  reaction  in  the  last  two  situations  occurs  after  the  introduction  of  hfeinoglobin,  or  of  salts 
of  iron  into  the  blood  {Glaeveck,  v.  Stark.)  ' 

When  we  reflect  how  rapidly  large  quantities  of  blood  are  replaced  after 
haemorrhage  and  after  menstruation,  it  is  evident  that  there  must  be  a  brisk  manu- 
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factory  somewhere.  As  to  the  number  of  corpuscles  wliich  daily  decay,  we  have  iu 
some  measure  an  index  in  the  amount  of  bile-pigment  and  urine-pigment  resulting 
from  the  transformation  of  the  liberated  hcemoglobin  (;:;  20), 

9.  COLOURLESS  CORPUSCLES,  BLOOD-PLATES,  AND  GRANULES. - 
White  Blood-Corpuscles.  -Blood,  like  many  other  tissues,  contains  a  number  of 
cells  or  corpuscles  which  reach  it  from  without ;  the  cori)Uscles  vary  somewhat  in 
form,  and^are  called  colourless  or  white  biood-corpuscles,  or  "leucocytes" 
{Meimm,  1770).  Similar  corpuscles  are  found  in  lymph,  adenoid  tissue,  marrow 
of  bone,  and  as  wandering  cells  or  leucocytes  in  connective-tissue,  and  also  between 
glandular  and  epithelial  cells.  80  that  these  corpuscles  are  by  no  means  peculiar 
to  blood  alone.  They  all  consist  of  more  or  less  spherical  masses  of  protoplasm, 
which  is  sticky,  highly  refractile,  soft,  capable  of  movement,  and  devoid  of  an 
envelope  (iig.  9).    When  they  are  quite  fresh  (A)  it  is  difficult  to  detect  the 
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nucleus,  but  after  they  have  been 
shed  for  some  time,  or  after  the 
addition  of  water  (B),  or  acetic 
acid,  the  nucleus  (which  is  usually 
a  compound  one)  appears  ;  acetic 
acid  clears  up  the  perinuclear 
protoplasm,  and  reveals  the  pres- 
ence of  the  nuclei,  of  which  the 
number  varies  from  one  to  four, 
although  generally  three  are  found. 
The  subsequent  addition  of  nia- 
ojenta  solution  causes  the  nuclei  to 
stain  deeply.  Water  makes  the 
contents  more  turbid,  and  causes 
the  corpuscles  to  swell  up.  One 
or  more  nucleoli  may  be  present 
in  the  nucleus.  The  size  of  the 
corpuscles  varies  from  4-13  /x, 
and  as  a  rule  they  are  about 
..  -V.7T  of  an  inch  in  diameter  ;  iu 
the  smallest  forms  the  layer  of 
the  protoplasm  is  extremely  thin. 
They  all  exhibit  amoeboid  move- 
ments \vhich  are  very  apparent 
in  the  larger  cori)UScles,  and  were 
discovered  by  Wharton  Jones  in 

the  skate  (1846),  and  by  Davine  in  the  corpuscles  of  man  (1S50). 
describes  three  ditfereiit  forms  in  human  blood  : — 

(1)  The  smallest,  spherical  forms,  less  than  the  red  corpuscles,  with  one  or  two 
nuclei,  and  a  very  small  amount  of  proto|)lasm. 

(2)  Spherical  forms,  the  same  size  as  the  coloured  blood-corpuscles. 

(3)  The  large  amoeboid  corpuscles,  with  much  protoplasm  and  distinctly  evident 
movements. 

[On  exnniiiiing  lunnan  blood  microscopically,  more  especially  after  the  coloured  lilood-i!or- 
{)uscles  have  ruji  into  rouleaux,  the  colourless  corpuscles  may  readily  be  detected,  there  being 
usually  three  or  four  of  them  visible  in  the  lield  at  once.  They  adiiere  to  the  glass  slide,  for  if 
tiie  cover-glass  be  moved,  the  coloured  corpuscles  readily  glide  over  each  other,  while  the 
colourless  can  be  seen  still  adhering  to  the  slide.] 

[White  Corpuscles  of  Newt's  Blood.— The  characters  of  the  colourless  ocjrpuscles  are  best 
studied  in  a  drop  of  newt's  blood,  which  contains  the  following  varieties  : — 

(1)  The  large  finely  granular  corpuscle,  which  is  about  of  an  inch  in  iliameter,  irregular 
in  outline,  with  line  processes  oi'  pseudupodia,  projecting  from  its  surface.    It  rajiidly  changes 


A, 


human  white  blood-cor[)uscles,  without  aii}'  reagent  ; 
B,  after  the  action  of  water  ;  C,  after  acetic  acid  ; 
U,  frog's  corpuscles,  changes  of  shajie  due  to  auKc- 
boid  movement  ;  E,  fibrils  of  fibrin  from  coagulated 
blood  ;  F,  elementary  granule^s. 

Max  Sehultze 
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its  shape  at  tlu-  onliiiaiy  tcin)ieratiire,  and  in  its  interior  a  bi-  or  tri-partite  nucleus  may  be  seen, 
surrounded  with  tine  granular  protoplasm,  whose  outliue  is  continually  clianging.  Sometimes 
vacuoles  are  seen  in  the  protopLisni. 

{■>)  The  coarsely  granular  variety  is  less  ooinmon  than  the  first-mentioned,  but  when  de- 
tected its  characters  are  distinct.  The  protoplasm  contains,  besides  a  nucleus,  a  large  number 
of  highly  refractive  granules,  and  the  corpuscle  usually  exhibits  active  anroeboid  movements  ;. 
suddenly  the  granules  may  be  seen  to  rush  from  one  side  of  the  corpuscle  to  the  other.  The 
processes  are  usually  more  blunt  than  those  emitted  by  (1).  The  relation  between  these  two- 
kinds  of  corpuscles  has  not  been  ascertained. 

(3)  The  small  colourless  corpuscles  are  luoie  like  the  ordinary  human  colourless  corpuscle, 
and  they,  too,  e.xhiliit  auKeboid  movements.] 

Two  kinds  of  colourless  corpuscles  like  (1)  and  (2)  exist  in  frog's  blood.  In  the  coarselj- 
granular  corpuscles  the  glancing  granules  may  be  of  a  fatty  nature,  since  they  dissolve  in 
alcohol  and  ether,  but  otlier  granules  exist  which  are  insoluble  in  these  fluids.  The  nature 
of  the  latter  is  unknown.    Very  large  colourless  corpuscles  exist  in  the  axolotl's  blood, 

[Action  of  Reagents. — {a)  "Water,  wlien  added  slowly,  causes  the  colourless 
corpuscles  to  become  globular,  and  the  granules  within  them  to  exhibit  Brownian 
movements,  {b)  Pigments,  such  as  magenta  or  carmine,  stain  the  nuclei  very 
deeply,  and  the  protoplasm  to  a  less  extent,  {c)  Dilute  Acetic  Acid  clears  up  the 
surrounding  protoplasm  and  brings  clearly  into  view  the  composite  nucleus,  which 
may  be  stained  thereafter  with  magenta.  {(I)  Iodine  gives  a  faint  port-wine  colour, 
especially  in  horse's  blood,  indicating  the  presence  of  glycogen,    (e)  Dilute  Alcohol 

causes  the  formation  of  clear  blebs  on  the  surface  of  the  cor- 
puscles, and  brings  the  nuclei  into  view  (Eanvin;  Stirlini/).] 
[A  delicate  plexus  of  fibrils — intra-nuclear  plexus — 
exists  within  the  nucleus  just  as  in  other  cells.  It  is  very 
probable  that  the  protoplasm  itself  is  pervaded  by  a  similar 
plexus  of  hbrils,  and  that  it  is  continuous  with  the  intra- 
lUTclear  plexus  (fig.  10).]  The  colourless  corpuscles  divide, 
and  in  this  way  reproduce  themselves. 

The  Number  of  Colourless  Corpuscles  is  very  much  less 
than  that  of  the  red  corpuscles,  and  is  subject  to  consider- 
able variations.  It  is  certain  that  the  colourless  corpuscles 
are  veiy  much  fm'cr  in  shed  blood  than  in  blood  still  w^ithin 
the  ciiculation.  Immediately  after  blood  is  shed,  an  enor- 
mous number  of  white  corpuscles  disappear  (§  31). 

iW.  Scdimidt  estimates  the  number  that  remain  at  xV  of  the  whole  originally  present  in  the- 
circulating  blood.  The  proportion  is  greater  iu  children  than  in  adults.  The  following  table 
gives  the  number  in  shecl  blood  : — 


Fig.  10. 
riexus  of  fibrils   in  a 
colourless  blood-cor- 
puscle. 


NlmbkI!  Of  White  in  Proportios  to  Rkd  Blood-Cokpcscles— 

In  Normal  Conditions. 

In  DifftM-ent  Places. 

In  Different  Conditions. 

1  :  335  ( JVekkcr). 
1  :  357  {Moktichott). 

Splenic  Vein,     1  :  60 
Splenic  Artery,  1  :  2,260 
Hepatic  Vein!^    1  :  170 
Portal  Vein,      1  :  740 
Generally  more  uumerous 
iu  Veins  than  Arteries. 

Increased  by  Digestion,  Loss 
of  Blood,  Prolonged  Sup- 
puration, Parturition,  Leuk- 
itmia,  Quinine,  Bitters. 

Dim iuishcd  by  Hunger,  Bad 
Nourishment. 

[The  number  also  varies  with  the  Age  and  Sex  :- 


j             Age.  Sex. 

White.  Led. 

General  Conditions. 

White.  Red. 

'  Girls,         .  . 
Boys, 
Adults, 
Old  Age,  . 

1  :  405 
1  :  226 
1  :  334 
1  :  381 

While  fasting, 
i  After  a  meal, 
During  pregnancy. 

1  :  716 
1  :  347 
1  :  281] 

A.MlliBOII)  !kIOVE.MENTS  OF  THE  COLOUliLESS  COliPL'SUEES. 
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The  amoeboid  movements  of  the  white  corpuscles  (so  called  because  they 
resemble  the  movements  of  amceba)  consist  in  an  alternate  contraction  and  relaxation 
of  the  protoplasm  surrounding  the  nucleus.  Processes  are  given  otf  from  the 
surface,  and  are  retracted  again.  There  is  an  intermd  nirrent  in  the  protopla.sni, 
and  the  nucleus  has  also  been  observed  to  change  its  form  [and  exhibit  contractions 
without  the  corpuscle  dividing.  The  r.:^ 
karyokinetic  aster,  and  convolution  of  the  0^  .r^^X 

intranuclear  plexus  have  been  seen].    Two  ^ 
series  of  phenomena  result  from  these  IJ  i'/^ 

movements: — (1)  The  ''wandering"  or  f^^  - 

locomotion  of  the  corpuscles  due  to  the 
extension  and  retraction  of  their  processes ;  n 
(2)  the  absorption  of  small  particles  into  ^^-^  ^ 

their  interior  (fat,  pigment,  foreign  bodies). 

The  particles  adhere  to  the  sticky  exter-  ^ — ^^f^ 
nal  surface,  are  carried  into  the  interior  tM^f=) 
by  the  internal  currents,  and  may  eventu  J^^^'^ 
ally  be  excreted,  just  as  particles  are  taken      ^p:::^  <^'J>'^ 
up  by  amccba  and  the  etfete  particles  ciP 
excreted.     [Max  Schultze  observed  that  Tig.  11. 

coloured  particles  were  readily  taken  up  by  Human  leucocytes  sliowing  amceboid 
these  corpuscles.  Conditions  for  move-  movements, 
ment. — In  order  that  the  ama'boid  movements  of  the  leucocytes  may  take  place, 
it  is  necessary  that  there  be — (1)  a  certain  temperature  and  normal  atmospheric 
pressure  ;  (2)  the  surrounding  medium,  within  certain  limits,  must  be  "  indifferent," 
and  contain  a  sufficient  amount  of  water  and  oxygen  ;  (3)  there  must  be  a  basis  or 
support  to  move  on.] 

Struggle  between  Microbes  and  the  Organism. — ^Ictsilniikof!'  emphasises  the  activity  of  the 
leucocytes  in  retrogressive  iirocesses,  whereby  the  parts  to  be  removed  are  taken  up  by  them  in 
fine  granules,  and,  as  it  were,  are  "eaten."  Hence,  he  calls  such  cells  "phagocytes."  They 
may  be  found  in  the  atrophied  tails  of  batraehians,  the  cells  containing  in  their  interior  whole 
pieces  of  nerve-iibre  and  primitive  nuiscular  bundles.  Scliizomyeetes  which  have  found  their 
way  into  the  blood  183)  liave  been  found  to  be  partly  taken  up  by  tiie  colourless  corpuscles. 
[The  spores  of  a  kind  of  yeast  are  similarly  attacked  in  the  transjiarent  tissues  of  the  water- 
tlea  by  the  leucocytes,  and  the  connective-tissue  cells  also  destroy  microbes.] 

Effect  of  Reagents. — On  a  hot  stage  (35°-40°  C.)  the  colourless  corpuscles  of 
warm-blooded  animals  retain  their  movements  for  a  long  time  ;  at  40°  C.  for  two 
to  three  hours;  at  50"  C.  the  [troteids  are  coagulated  and  cause  "heat  rigor" 
and  death,  [when  their  movements  no  longer  recur  on  lowering  the  temperature]. 
In  cold-blooded  animals  (frogs),  colourless  corpuscles  may  be  seen  to  crawl  out  of 
small  coagula,  in  a  moist  chamber,  and  move  about  in  the  serum.  [Draw  a  drop 
of  newt's  blood  into  a  capillary  tube,  seal  up  the  ends  of  the  latter  and  allow  the 
blood  to  coagulate.  After  a  time,  examine  the  tube  in  clove  oil,  when  some  of  the 
colovtrless  corpuscles  will  be  found  to  have  made  their  way  out  of  the  clot.] 
Induction  shocks  cause  them  to  withdraw  their  processes  and  become  spherical, 
and,  if  the  shocks  be  not  too  strong,  their  movements  recommence.  .Strong  and 
continued  shocks  kill  them,  causing  them  to  swell  up,  and  completely  disintegrating 
them. 

Diapedesis. — These  amoeboid  movements  are  of  special  interest  on  account  of  the 
"  wandering  out "  (diapedesis)  of  colourless  blood-corpuscles  through  the  walls  of 
the  blood-vessels  (§  95). 

[Eflfect  of  Drugs. — Acids  and  alkalies,  if  very  dilute,  at  first  increase,  but  afterwards  arrest 
their  movcmeuts.  Sodic  chloride  in  a  1  per  cent,  solution  at  first  accelerates  their  movements, 
but  afterwards  jtroduces  a  tetanic  contraction,  and,  it  may  be,  expulsion  of  any  food  particles 
they  contain.    The  Cinchona  alkaloids — quinine,  quinidine,  cinchonidine  (1  :  1500) — quickly 
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arrest  the  locomotive  movements,  as  well  as  tlie  protrusion  of  pseudopodiu,  althougli  the 
leucocytes  of  ilillerent  animals  vary  somewhat  in  their  resistance  to  the  action  of  drugs. 
<>uinine  not  only  arrests  the  movcuients  of  the  leucocytes  when  a]iiilied  to  them  directly,  but 
when  injected  into  the  circulation  of  a  frog  the  leucocytes  no  longer  pass  through  the  walls  oi 
the  capillaries  [lliii:). 

The  chyle  contains  leucocytes,  which  are  more  resistant  than  thos'-  of  the  blood,  but  less  so 
than  those  of  tiie  coagulable  transudations.  The  leucocytes  of  the  lymphatic  glands  may  also 
be  dissolved  {IIkkscJiciiImic/i). 

Relation  to  Aniline  Pigments. — Ehrlich  has  ob-served  a  remarkable  relation  of  the  white 
corpuscles  to  acid  (eosin,  picric  acid,  aurantia),  basic  (dahlia,  acetate  of  rosanilin),  or  neutral 
(picrate  of  rosanilin)  reactions.  The  smallest  jirotoplasmic  graiudcs  of  the  cells  have  difl'erent 
chemical  atiiuities  for  these  pigments.  Thus  Ehrlich  distinguishes  "  eosinophile,"  "basophile," 
and  "  neutro])hile  "  granules  witiiin  the  cells  Eosinophile  granules  occur  in  the  leucocytes 
which  come  from  bone-marrow,  the  myelogenic  leucocytes.  The  small  leucocj'tes,  i.e.,  those 
about  the  size  of  a  coloured  blood-cori)Uscle  or  slightly  larger,  are  formed  in  the  lymphatic 
glands,  the  Ij-niphogeiuc.  The  large  aincuboid  multi-nucleated  cells,  which  are  found  outside 
the  vessels  in  inflammations,  exhibit  a  neutio],hile  ii-action.  Their  origin  is  unknown,  and 
.so  is  thiit  of  the  large  uni-nucleated  cells,  and  the  large  cells  with  constricted  nuclei.  The 
eosinophile  coi'puscles  are  considerably  increased  in  leukicmia.  The  basophile  granules  occur 
also  in  connective-tissue  corpuscles,  especially  in  the  neighbourhood  of  epithelium  ;  they 
are  always  greatly  increased  where  chronic  inflammation  occurs. 

III.  Blood-Plates. — Special  attention  lias  recently  been  directed  to  a  third 

element  of  the  blood,  the  "blood-plates  "  or  "blood-tablets  "  of  Bizzozero  ;  pale, 

colourless,  oval,  round,  or  lenticular  discs  of  variable  size  (mean,   3  /x  ).    lu  a 

healthy  man  Fusari  found  18,000  to  250,000  in  1  cubic  millimetre  of  blood.  These 

blood-plates  may  be  recognised  in  the  circulating  blood  of  the  mesentery  of  a 
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Fig.  1-2. 

••  Blood-]dates  "  and  their  derivatives.  1,  a  red  blood-cori)uscle  on  the  flat ;  2,  on  the  side  ;  3, 
unchanged  blood-plafes  ;  4,  lymph-corpu.scle,  surrounded  by  blood-jdates  ;  5,  altered  blood- 
plates  ;  6,  lymph-coriirs  de  with  two  heaps  of  fu.sed  blood-plates  and  threads  of  fibrin  :  7, 
group  of  fused  blood-].]ates  ;  8,  small  group  of  partially  dissolved  blood-plates  with  fibrils 
of  fibrin. 

cliloralised  guinea-pig  and  the  wing  of  the  bat.  They  are  precipitated  in  enormous 
iiutnber.s  upon  threads  sus^enied  in  fresh  shed  blood.  They  may  be  obtained  from 
blood  flowing  directly  from  a  blood-vessel,  on  mixing  it  with  1  per  cent,  solution  of 
osmic  acid.  They  rapidly  change  in  shed  blood  (fig.  12,  5),  disintegrating,  forming 
small  [)articles,  and  ultimately  dissolving.  When  several  occur  together  they 
rapidly  unite,  form  small  groups  (7),  and  collect  into  finely  granular  masses. 
Tliese  masses  may  be  associated  in  coagulated  blood  with  fibrils  of  fibrin  (fig.  12). 

[These  blood-plates  are  best  seen  in  the  shed  blood  of  the  gninea-picr,  especially  if  it  be 
mi.xed  vsith  a  .solution  of  sodic  sulphate  (sp.  gr.  1022)  or  per  cent.  NaCl  tinged  with  methyl- 
violet,    liizzozero  regards  them  as  the  agents  which  immediately  induce  coa<rulation  and  talu- 
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part  in  the  foriiuitioii  of  tibriii  duriiig  coagulation  oi'  the  blood  ;  Eberth  and  Sehinunelbiisch 
ascribe  the  initial  formation  of  -white  thrombi  to  them.  According  to  Lijwit  they  are  formed 
from  partially  disintegrated  leucocytes,  as  a  consequence  of  alteration  of  the  blood.  Along  with 
the  leucocytes  they  are  concerned  in  the  formation  of  librin  {Hlava).  These  structures  were 
known  to  earlier  observers  ;  but  their  signilicance  has  been  variously  interpreted.  Hayem  called 
them  hsematoblasts.  HaUa  found  that  they  increased  in  pregnancy,  Afanassiew  in  conditions 
of  regeneration  of  the  blood,  and  Fusari  in  febrile  amemia  ;  they  are  diminished  in  fever. 

[As  to  the  hsematoblasts,  or,  as  they  have  also  beon  called,  the  "globules  of  Donne"  by 
Pouchet,  there  seems  to  be  some  confusion,  for  both  coloured  and  colourless  granules  are 
describeil  under  these  names.  As  Gibson  suggests,  the  former  are,  perhaps,  parts  of  ilisintegrated 
coloured  corpu.scle.s,  whilst  the  latter  are  the  blood-plates.  The  "invisible  blood-corpuscles" 
described  by  Norris  seem  to  be  simply  decolorised  red  corpuscles  {Hart,  Gibson).] 

IV.  Elementary  Granules. —Blood  contains  elementary  granules  (fig.  9,  F), 
[i.e.,  the  elementary  [)articles  of  Zimmermann  and  Beale.  They  are  irregular 
bodies,  much  smaller  than  the  ordinary  corpuscles,  and  appear  to  consist  of  masses 
of  protoplasm  detached  from  the  surface  of  leucocytes,  or  derived  from  the  dis- 
integration of  these  corpuscles,  or  of  the  blood-plates.  Others,  again,  are  com- 
pletely spherical  granules,  either  consisting  of  some  proteid  substance  or  fatty  in 
their  nature.  The  protoplasmic  and  the  proteid  granules  disappear  on  the  addition 
of  acetic  acid,  while  the  fatty  granules  (which  are  most  numerous  after  a  diet  rich 
in  fats)  dissolve  in  ether]. 

V.  In  coagulated  blood,  delicate  threads  of  fibrin  (figs,  9,  E,  and  12,  G,  7,  8) 
are  seen,  more  especially  after  the  corpuscles  have  run  into  rouleaux.  At  the 
nodes  of  these  fibres  are  found  granules  which  closely  resemble  those  described 
under  III. 

[When  the  blood-forming  process  is  particularly  active,  "nucleated  coloured  corpuscles" 
or  the  "  corpuscles  of  Neumann,"  are  sometimes  found  in  the  blood.  They  are  identical  with 
the  nucleated  coloured  blood-corpu-scles  of  the  fcctus,  being  somewhat  larger  than  the  non- 
nucleated  coloured  corjjuscle  7).] 

10.  ABNOKMAL  CHANGES  OF  THE  BLOOD-CORPUSCLES. —(1)  Hemorrhages  diminish 
the  number  of  reil  corpuscles  (at  most  one-half),  and  so  does  menstruation.  The  loss  is  partly 
coveretl  by  the  absorption  of  fluid  from  the  tissues.  Menstruation  shows  us  that  a  moderate 
loss  of  red  corpuscles  is  replaced  within  twenty-eight  days.  When  a  large  amount  of  blood  is 
.lost,  so  that  all  the  vit<il  processes  are  lowered,  the  time  may  be  extended  to  five  weeks.  In 
acute  fevers,  as  the  temperature  increases,  the  number  of  7-ccl  corpuscles  diminuthes,  while  the 
icliite  cor2)Uscles  increase  in  numbei-.  By  greatly  cooling  peripheral  parts  of  the  body,  as  by 
keeping  the  hands  in  iced  water,  in  some  individuals  possessing  red  blood-corpuscles  of  low 
resisting  power,  these  corpuscles  are  dissolved,  the  blood-plasma  is  reddened,  and  even  hsemo- 
globinuria  may  occur  (§  265). 

Diminished  production  of  new  red  corpuscles  causes  a  decrease,  since  blood-corpuscles  are 
•continually  being  used  up.  In  chlorotic  females  there  seems  to  be  a  congenital  weakness  in  the 
blood-forming  and  blood-i)ropelling  apparatus,  the  cause  of  which  is  to  be  sought  for  in  some 
faulty  condition  of  the  mesoblast.  In  them  the  heart  and  the  blood-vessels  are  small,  and  the 
absolute  number  of  corpuscles  may  be  diminished  one-half,  although  the  relative  number  may 
be  retained,  while  in  the  corpuscles  themselves  the  liremoglobin  is  diminished  almost  one- 
third  ;  but  it  rises  again  after  the  administration  of  iron  {Haijem).  TJie  administration  of  iron 
dncreases  the  amount  of  luemoglobin  in  the  blood.  [The  action  of  iron  in  aniumic  persons  has 
been  known  since  the  time  of  Sydenham.  Hayem  also  linds  in  certain  forms  of  anajmia  that 
there  is  considerable  variation  in  the  size  of  the  red  corpuscles,  and  that  in  chronic  anaimia  the 
mean  diameter  of  the  corpuscles  is  always  less  than  normal  (7  /i  to  6  /t).  There  is,  moreover, 
a  persistent  alteration  in  tiie  volume,  colouring  j^owcr,  and  consistence  of  the  corjiuscles,  con- 
secjuently  a  want  of  accord  between  the  number  of  the  corpuscles  and  their  colouring  power, 
■i.e.,  the  amount  of  hiwmoglobin  which  they  contain.  In  pemicious  anaemia,  in  which  the  con- 
tinued decrease  in  the  red  corpuscles  maj'  ultimatelj'  produce  death,  there  is  undoubtedly  a 
severe  aflection  of  the  blood-forming  apparatus.  The  corpuscles  assume  many  abnormal  and 
bizarre  forms,  often  being  oval  or  tailed,  irregularly  shaped,  and  sometimes  very  pale  ;  while 
numerous  cells  containing  blood-corpuscles  are  found  in  the  marrow  of  bone.  In  this  disease, 
although  the  red  blood-corpuscles  are  diminished  in  number,  some  may  be  larger  and  con- 
;tain  more  luemoglobin  than  normal  corpuscles.  The  number  of  coloured  corpuscles  is  also 
-diminished  in  chronic  poisoning  by  lead  or  miasmata,  and  also  by  the  poison  of  syphilis. 

(2)  The  size  of  the  cor])Uscles  varies  in  disease  from  2"9-12"9  ft,  (mean  6-8  /x) ;  "dwarf  cor- 
ipuscles"  or  microcytes  (6  /jl  and  less)  are  regarded  as  young  forms,  and  occur  plentifully  in 
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nearly  all  cases  of  aiuemia.    "  Giant  blood-corpuscles  "  or  macrocytes  (10  n  and  more)  are  con- 
stant in  ixinicious  anaMiiia,  and  sometimes  in  leuka-mia,  chlorosis,  and  liver  cirrhosis  {Gram). 

(3)  Abnormal  forms  of  the  red  corpuscles  have  been  observed  after  severe  burns  {Lesser) ;  the  cor- 
puscles are  much  smaller,  and  under  the  influence  of  the  heat,  particles  seem  to  be  detached  from 
them  just  as  can  be  seen  hai)pening  under  the  microscope  as  the  eti'ect  of  heat.  Disintegration 
of  the  corpuscles  into  line  droplets  has  been  observed  in  various  diseases,  as  in  severe  malarial 
fevers.  The  dark  granules  of  a  pigment  closely  related  to  h;ematin  are  derived  from  the 
granules  arising  from  the  disintegration  of  the  blood-corpuscles,  ami  these  particles  float  in  the 
blood  (nielansemia).  This  condition  can  be  produced  artificially  by  injecting  bisulphide  of 
carbon  (7  to  70  of  oil)  suboutaneously  into  rabbits  {ScIncalOc).  They  are  partly  absorbed  by  the 
colourless  corpuscles,  but  they  are  also  de[)osited  in  the  spleen,  liver,  brain,  and  bone-marrow. 

(4)  Sometimes  the  red  corpuscles  are  abnormally  soft,  and  readily  yield  to  ])ressure. 
Parasites  of  Blood-Corpuscles. — Within  the  red  blood-corpuscles  of  birds,  flslies,  and  tortoises, 

parasites  are  occasionally  developed  in  the  form  of  round  "  pseudo-vacuoles  "  from  which  free 
parasites  are  subsequently  discharged  {Dtmilciusky).  In  malarial  conditions  in  man,  protozoon- 
like  organisms  have  been  seen  within  the  red  corpuscles,  the  plasmodium  malariie  {Mar- 
clUdfavd). 

The  white  corpuscles  are  enormously  increased  in  number  in  leukaemia  {J.  H.  Bennett, 
Virchotc).  In  some  cases  the  blood  looks  as  if  it  were  mi.xed  with  milk.  The  colourless  cor- 
puscles seem  to  be  formed  chiefly  in  bone-marrow  {E.  Neumann),  and  also  in  the  spleen  and 
lymphatic  glands  (myelogenic,  splenic,  and  lymphatic  leukremia). 

11,  CHEMICAL  CONSTITUENTS  OF  THE  RED  BLOOD-CORPUSCLES.— 

(1)  The  colouring  matter  or  hsemoglobin  (Hb)  is  the  cau.se  of  the  red  colour  of 
blood  ;  it  also  occurs  in  muscle,  and  in  traces  in  the  fluid  part  of  blood,  but  iu  the 
last  case  only  as  the  result  of  the  solution  of  some  red  corpuscles.  Its  percentage 
composition  is :— C  53-85,  H  7-32,  N  16-17,  Fe  0-42,  S  0-39,  O  21-84  (dog).  Its 
rational  formula  is  unknown,  but  Preyer  gives  the  empirical  formula  C,-,qq,  Hq^q, 
Fe,  So,  Oj-,,.    Although  it  is  a  colloid  substance  it  crystallises  in  all  classes 

lj  of  vertebrates,  according  to  the  rhombic  system, 
and  chiefly  in  rhombic  plates  or  prisms ;  in  the 
guinea-pig  in  rhombic  tetrahedra  ;  in  the  squirrel, 
however,  it  yields  hexagonal  plates.  The  varying 
forms,  perhaps,  correspond  to  slight  differences 
in  the  chemical  composition  in  different  cases. 
Crystals  separate  from  the  blood  of  all  classes  of 
vertebrata  during  the  slow  evaporation  of  lake- 
coloured  blood,  but  with  varying  facility  (fig.  13). 

The  colouring  matter  crystallises  very  readily  from  the 
blood  of  man,  dog,  mouse,  guinea-pig,  rat,  cat,  hedgehog, 
horse,  rabbit,  birds,  fishes  ;  with  difficulty  from  that  of 
the  sheep,  ox,  and  pig.  Coloured  crystals  are  not  obtained 
from  the  blood  of  the  frog.  More  rarely  a  crystal  is  formed 
from  a  single  corpuscle  enclosing  the  stroma.  Crj'stals 
have  been  found  near  the  nucleus  of  the  large  corpuscles 
of  fishes,  and  in  this  class  of  vertebrates  colourless  crystals 
have  been  observed. 

Dichroism. — Haemoglobin  crystals  are  doubly 
refractive  and  pleo-chromatic  ;  they  are  bluish- 
Ha;moglobin  crystals  from  blood,  a,  I'ed  with  transmitted  light,  scarlet-red  by  reflected 
h,  human  ;  c,  cat ;  cl,  guinea-pig ;  light.  They  contain  from  3  to  9  per  cent,  water 
e,  hamster ;  /,  squirrel.  of  crystallisation,  and  are  soluble  in  water,  but 

more  so  in  dilute  alkalies.  They  are  insoluble  in  alcohol,  ether,  chloroform,  and 
fats.  The  solutions  are  dichroic  :  red  in  reflected  light,  and  green  in  transmitted 
light. 

In  the  act  of  cry  stall  i.sation  the  hfemoglobin  seems  to  undergo  some  internal  change.  Before 
it  crystallises  it  does  not  diffuse  like  a  true  colloid,  and  it  also  rapidly  decomposes  hydric 
peroxide.  If  it  be  redissolved  after  crystallisation,  it  diffuses,  although  only  to  a  small  extent, 
but  it  no  longer  decomposes  hydric  peroxide,  and  is  decolorised  by  it.  [The  presence  of  6 
favours  crystallisation.] 


Fig.  13. 
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12.  PREPARATION  OF  HiEMOGLOBIN  CRYSTALS. -Method  of  Eollett.— Put  defibrinated 
blootl  ill  a  platinum  capsule  placed  011  a  ireeziii<f  mixture,  I'ree/e  the  blood,  and  then  thaw  it  ; 
l>oiu-  the  lake-colouied  blood  into  a  jilate,  until  it  forms  a  stratum  not  more  than  1^  mm.  in 
thickness,  and  allow  it  to  evaporate  slowly  in  a  cool  ]ilaee,  when  crystals  will  separate. 

Method  of  Hoppe-Seyler.— jMix  detibrinated  blood  with  10  volumes  of  a  20  per  cent,  salt 
solution,  and  allow  it  to  stand  for  two  days.  Remove  the  clear  upper  Huid  with  a  pipette, 
wash  the  thick  deposit  of  blood-corpuscles  with  water,  and  afterwards  shake  it  for  a  long  time 
with  an  eqnal  volume  of  ether,  which  dissolves  the  blood-corpuscles.  Remove  the  ether,  filter 
the  lake-coloured  blood,  add  to  it  ^  of  its  volume  of  cold  alcohol  (0^),  and  allow  the  mixture  to 
stand  ill  the  cold  for  several  days.  The  numerous  crvstals  can  be  collected  on  a  filter  and  pressed 
between  folds  of  blotting-pa^ier. 

Method  of  Gscheidlen. — Take  detibrinated  blood,  which  has  been  exposed  for  twenty-four 
liours  to  the  air,  and  keep  it  in  a  closeil  tube  of  narrow  calibre  for  several  days  at  37°  C.  NVheu 
the  blood  is  spread  on  glass,  the  crystals  form  rapidly,    [Vaccine  tubes  answer  very  well.] 

[Method  of  Stirling  and  Brito.— It  is  in  many  cases  suthcient  to  mix  a  drop  of  blood  with  a 
few  drops  of  water  on  a  glass  slide,  and  to  seal  up  the  preparation.  After  a  few  days  beautiful 
crystals  are  developed.  The  addition  of  water  to  the  blood  of  some  animals,  such  as  the  rat 
and  the  guinea-pig,  is  rapidly  followed  by  the  formation  of  crystals  of  luemoglobiu.  Very 
large  crystals  may  be  obtained  from  the  stomach  of  the  leech  several  days  after  it  has  suckeil 
blood.] 

13.  QUANTITATIVE  ESTIMATION  OF  HJEMOGLOBIN.— («)  From  the  Amount  of  Iron.— 

As  dry  (100"  C. )  hteiiioglobin  contains  0'42  per  cent,  of  iron,  the  amount  of  hivmoglobin  maybe 
calculated  from  the  amount  of  iron.    If  vi  represents  the  percentage  amount  of  metallic  iron, 

then  the  percentage  of  hiemoglobin  in  blood  is  =^^^"-,     The  procedure  is  the  following:— 

0  '42 

Calcine  a  weighed  quantity  of  blood,  and  exhaust  the  ash  with  HCl  to  obtain  ferric  chloride, 
which  is  transformed  into  ferrous  chloride.  The  solution  is  then  titrated  with  potassic 
permanganate. 

Golorimetric  Method. — Prepare  a  dilute  watery  solution  of  hamioglobin  crystals  of  a 
known  strength.  With  this  compare  an  aqueous  dilution  of  the  blood  to  be  investigated,  by 
adding  water  to  it  until  the  colour  of  the  test  solution  is  obtained.  Of  course,  the  solutions 
must  be  compared  in  vessels  with  parallel  sides  and  of  exactly  the  same  width,  so  as  to  give  the 
.same  thickness  of  fluid  (Hopjw-Scylcr).  [In  the  vessel  with  parallel  sides,  or  hsematinometer, 
the  sides  are  exactly  1  centimetre  apart.  Instead  of  using  a  standard  solution  of  oxyhremoglobiu, 
a  solution  of  picro-carminate  of  ammonia  may  be  used  {Itajeivskij,  3Ialassez).'\ 

(c)  By  the  Spectroscope. — Preyer  found  that  a  0 "8  per  cent,  watery  solution  (1  cm.  thick), 
allowed  the  red,  the  yellow,  and  the  lirst  strip  of  green  to  be  seen  (fig.  17,  1).  Take  the  blood 
to  be  investigated  (about  0*5  c.cm.),  and  dilute  it  with  water  until  it  shows  exactly  the  same 
optical  effects  in  the  spectroscope.  If  k  is. the  percentage  of  Hb,  which  allows  green  to  pass 
through  (0'8  per  cent.),  b,  the  volume  of  blood  investigated  (about  0'5  c.cm.),  iv,  the  necessary 
amount  of  water  added  to  dilute  it,  then  .<,'  =  tlie  percentage  of  Hb  in  the  blood  to  be  investi- 
gated— 

k{io  +  b) 

It  is  very  convenient  to  add  a  drop  of  caustic  potash  to  blood  and  then  to  saturate  it  with 
CO. 

[{d)  The  Hsemoglobinometer  of  Gowers  is  used  for  the  clinical  estimation  of  hannoglobin 
(fig.  14).  "  The  tint  of  the  dilution  of  a  given  volume  of  blood  with  distilled  water  is  taken 
as  the  index  of  the  amount  of  Inemoglobin.  The  distilled  water  rapidly  dissolves  out  all  the 
hajmoglobin,  as  is  .shown  by  the  fact  that  the  tint  of  the  dilution  undergoes  no  change  on 
standing.  The  colour  of  a  dilution  of  average  normal  blood  one  hundred  times  is  taken  as  the 
standard.  The  quantity  of  hannoglobin  is  indicated  by  the  amount  of  distilled  water  needed 
to  obtain  the  tint  with  the  same  volume  of  blood  under  examination  as  was  taken  of  the 
standard.  On  account  of  the  instability  of  a  standard  dilution  of  blood,  tinted  glycerine-jelly 
is  employed  instead.  This  is  perfectly  stable,  and  by  means  of  carniine  and  picro-carmine  the 
exact  tint  of  diluted  blood  can  be  obtained.  The  apparatus  consists  of  two  glass  tubes  of 
exactly  the  same  size.  One  contains  (D)  a  standard  of  the  tint  of  a  dilution  of  20  cubic  mm. 
of  blood,  in  2  cubic  centimetres  of  water  (1  in  100).  The  second  tube  (C)  is  graduated,  100 
degrees  =  2  centimetres  (100  times  20  cubic  millimetres).  The  20  cubic  millimetres  of  blood 
are  measured  by  a  capillary  pipette  (B).  This  quantity  of  the  blood  to  be  tested  is  ejected 
into  the  bottom  of  the  tube,  a  few  drops  of  distilled  water  being  first  placed  in  the  latter.  The 
mixture  is  rapidly  agitated  to  prevent  the  coagulation  of  the  blood.  The  distilled  water  is 
then  added  drop  by  drop  (from  the  pipette  stopper  of  a  bottle  (A)  supplieil  for  that  purpose), 
until  the  tint  of  the  dilution  is  the  same  as  that  of  the  standard,  and  the  amount  of  water 
which  has  been  added  {i.e.,  the  degi-ee  of  dilution)  indicates  the  amount  of  haemoglobin." 
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"  Since  average  normal  bloc  J  yields  the  tint  of  the  standard  at  100  degrees  of  dilution,  the 
immber  of  degrees  of  dilution  necessary  to  obtain  the  same  tint  with  a  given  specimen  of  blood 
is  the  percentage  proportion  of  the  hivmoglobin  contained  in  it,  compared  to  the  normal.  For 

instance,  the  20  cubic  millimetres 
of  blood  from  a  jiatient  with  ane- 
mia gave  the  standard  tint  of  30 
degrees  of  dilution.  Heuce  it 
contained  only  30  per  cent,  of  the 
normal  quantity  of  hajuioglobin. 
By  ascertaining  with  the  haiuia- 
cytometer  the  corpuscular  richness 
of  tlie  blood,  we  are  able  to  compare 
tlic  two.  A  fraction,  of  which  the 
numerator  is  tiie  percentage  of 
liit'uioglobin,  and  the  denominator 
the  percentage  of  corpuscles,  gives 
at  once  the  average  value  per  cor- 
puscle. Thus  the  blood  mentioned 
above  containing  30  per  cent,  of 
hainioglobin,  contained  60  per  cent, 
of  corpuscles ;  hence  the  average 
value  of  each  corpuscle  was  or  ^ 
of  the  normal.  A'ariations  in  the 
amount  of  hemoglobin  may  be  re- 
corded on  the  same  chart  as  that 
employed  for  the  corpuscles.  The 
instrument  is  only  expected  to 
yield  approximate  results,  accurate 
within  2  or  3  per  cent.  It  has, 
however,  been  found  of  much 
utility  in  clinical  observation."] 
(e)  FleiBchPs  Hsemometer. — For  clinical  purposes  this  instrument  (tig.  15)  is  useful.  A 
cylinder  G,  of  two  compartments  n  and  n',  rests  on  a  metallic  table.    Both  com])artments  are 

filled  with  water,  but  in  one  (a)  is  placed 
a  known  quantity  of  blood  measured  in 
a  measuring-tube  of  known  capacity*. 
The  red  coloiir  of  the  solution  of  hiemo- 
globin  thus  obtained  is  compared  witli 
a  red  wedge  of  glass  (K),  which  is  moved 
by  means  of  a  wheel  (R  and  T)  under 
the  other  compartment  {a')  until  the 
two  colours  are  identical.  The  illuniina- 
ation  of  the  dilute  blood  solution  and 
the  red  glass  wedge  is  done  from  below 
bj'  lamp  light  reflected  from  the  white 
reflecting  surface  (S).  The  frame  in 
which  the  red  glass  wedge  is  fixed  bears 
numbers,  and  when  the  colour  is  iden- 
tical in  the  two  compartments  a  and  a\ 
the  percentage  of  hajmoglobiii  as  com- 
pared with  normal  blood  can  be  read  off 
directly.  Suppose  it  to  be  80  on  the  scale, 
then  the  blood  examined  contains  80  per 
cent,  of  the  ha-moglobin  of  normal  blood. 

The  amount  of  hiymoglobin  in 


Fig.  14. 

Ciowers'  ha;moglobinometer.  A,  pipette  bottle  for  distilled 
water  ;  B,  capillary  pipette  ;  C,  graduated  tube  ;  D,  tube 
with  standard  dilution  ;  F,  lancet  for  pricking  the  finger. 


man  is  13 "7 7  per  cent,,  in  the 
woman  12 "59  per  cent.,  during 
l)regnancy  9  to  12  per  cent  {Prepej^). 
According  to  lieichtenstern,  Hb  is 
in  greatest  amount  in  the  blood  of 
a  newly-born  infant,  but  after  ten 
weeks  the  excess  disappears.  Be- 
tween six  months  and  five  years  it  is  smallest  in  amount ;  it  reaches  its  second 
Jiighest  maximum  between  twenty-one  and  forty-five,  and  then  sinks  again.  From 


Fleischl's  hajmometer.  K,  red  coloured  wedge  of 
glass  moved  by  R;  G,  mixing  vessel  with  two 
compartments  a  and  a';  M,  table  with  hole  to  read 
ott"  the  percentage  of  haemoglobin  on  the  scale  P ; 
T,  to  move  K  ;  S,  mirror  of  plaster  of  Paris. 
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the  tenth  year  onwards,  the  blood  of  the  female  is  poorer  in  Hb.  The  taking  of 
food  causes  a  temporary  decrease  of  the  Hb,  owing  to  the  dilution  of  the  blood." 

In  Animals.— In  the  dog,  97  ;  ox,  9-9  ;  sheep,  10-3  ;  ni^,  127  ;  horse,  IS'l  ;  birds,  16-17 
per  cent. 

Pathological.— A  decrease  is  observable  during  recovery  from  febrile  conditions,  and  also 
tluring  phthisis,  cancer,  ulcer  of  the  stomach,  cardiac  disease,  chronic  diseases,  chlorosis, 
h'uk;vmia,  pernicious  anannia,  and  during  the  rapid  mercurial  treatment  of  syphilitic  persons. 

14.  THE  SPECTROSCOPE.— As  the  spectroscope  is  frequently  used  in  the  investigation  ol" 
blood  and  other  substances,  a  short  description  of  the  instrument  is  given  here  (lig.  16).  It 


Fig.  16. 

Scheme  of  a  spectroscope  for  observing  the  spectrum  of  blood.  A,  tube;  S,  slit;  m,  m, 
layer  of  blood  with  flame  in  front  of  it  ;  P,  prism  ;  JI,  scale  ;  H,  eye  of  observer  looking 
through  a  telescope  ;  r,  v,  spectrum. 

consists  of — (1)  a  tube,  A,  which  has  at  its  peripheral  end  a  slit,  S  (that  can  be  narrowed  or 
widened).  At  tlic  other  end  a  collecting  lens,  C  (called  a  collimator),  is  placed,  so  that  its 
focus  is  in  exact  line  with  the  slit.  Light  (from  tlie  sun  or  a  lamp)  passes  through  the  slit,  and 
thus  goes  parallel  through  C  to— (2)  the  prism,  P,  whicli  decomposes  the  parallel  rays  into  a 
coloured  spectrum,  r,  r.  (3)  An  astronomical  telescope  is  directed  to  the  spectrum  r,  r, 
and  the  observer,  B,  with  the  aid  of  the  telescope,  sees  the  spectrum  magnified  from  six  to 
eight  times.  (4)  A  third  tube,  D,  contains  a  delicate  scale,  M,  on  glass,  whose  image,  wlien 
illuminated,  is  reflected  from  the  prism  to  the  eye  of  the  observer,  so  tliat  he  sees  the 
spectrum,  and  over  or  above  it  the  scale.  To  keep  out  other  rays  of  light  the  inner  ends  of 
tlie  three  tubes  are  covered  by  metal  or  by  a  dark  cloth  (see  also  §  26.5). 

[The  micro-spectroscope,  e.g.,  as  made  by  Browning  or  Zeiss,  may  be  used  when  small  quan- 
tities of  a  solution  are  to  be  examined.  Every  spectroscope  ought  to  give  two  siiectra,  so  that  the 
position  of  any  absorption-l)and  may  be  definitely  ascertained.  The  spectroscope  is  fitted  into 
the  ocular  end  of  the  tube  of  a  microscope  instead  of  the  eye-piece.  Small  cells  for  containing 
the  fluid  to  be  examined  are  made  from  short  pieces  of  barometer-tubes  cemented  to  a  plate  of 
glass.  ] 

Absorption  Spectra.— If  a  coloured  medium  {''.(j.,  a  solution  of  blood)  be  placed  between  tlie 
slit  and  a  source  of  light,  all  the  rays  of  coloured  light  do  not  pass  through  it — some  are 
absorbed  ;  many  yellow  rays  are  absorbed  by  blood,  hence  that  part  of  the  spectrum  appears 
dark  to  the  observer.  On  account  of  this  absorption,  such  a  spectnim  is  called  an  "  absm-ption 
spectrum." 

Flame  Spectra. — If  mineral  substances  be  burned  on  a  platinum-wire  in  a  non-luminoiifi 
flame  or  Bunsen's  burner  in  front  of  the  slit,  the  elements  present  in  the  mineral  or  ash  give 
special  coloured  band  or  bands,  which  have  a  definite  jiosition.  Sodium  gives  a  yellow, 
potassium  a  red  and  violet  line.  These  substances  arc  found  on  burning  the  ashes  of  almost 
all  organs. 

If  sunlight  be  allowed  to  fall  upon  the  slit,  the  spectrum  shows  a  large  number  of  lines 
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(Fraunhofer's  lines)  which  occupy  definite,  positions  in  the.  coloured  spectrum.  These  Hues  are 
indicated  bv  the  letters  A,  B,  C,  D,  &c.,  a,  b,  c,  &c.  (tig.  17). 

15  COMPOUNDS  OF  HB  WITH  0  ;  OXYHEMOGLOBIN  AND  METH-ffi- 
MOGLOBIN.— 1.  Oxyhaemogloljin  (0._,Hb)  behaves  as  a  weak  acid,  and  occurs  to 
the  extent  of  8678  to  94  ;30  per  cent,  in  dry  human  red  corpuscles  {JiideU).  _  It  is 
formed  very  readily  whenever  Hb  comes  into  contact  with  O  or  atmospheric  air. 
According  to  Bohr,  1  gramme  Hb  unites  with  1  -56  cubic  centimetre  of  O  at  0°  and 
760  mm.°Hg  pressure,  the  union  being  .stronger  in  weak  than  in  concentrated 
solutions.  O.vyhfemogiobin  is  a  very  loose  chemical  compound,  and  is  slightly 
less  soluble  than  Hb ;  its  spectrum  shows  in  the  yelhnv  and  the  green  two  dark 
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Fig.  17. 

Spectra  of  hiiemoglobiu  and  its  compound.s. 

absorption-bands,  whose  length  and  breadth  in  a  0'18  per  cent,  solution  are  given 
in  fig.  17  (2).  - 

It  occurs  in  the  blood-corpuscles  circulating  in  arteries  and  cai^illaries,  as  can  l)e 
.shown  by  the  spectroscopic  examination  of  the  ear  of  a  rabbit,  of  the  prepuce,  and 
the  web  of  the  fingers  {VierorcH). 

[Spectrum  of  Oxyhaemoglohin.— In  the  spectrum  of  a  dilute  solution  of  hc^mo- 
globin  crystals  or  arterial  blood,  part  of  the  red  and  violet  rays  are  absorbed, 
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but  two  well-marked  absorption-bands  exist  between  D  and  K.  Tlie  line  nearest 
p,  i.e.,  next  the  red  end  of  the  spectrum,  sometimes  designated  by  the  letter  (a) 
is  narrow,  sharply  defined,  and  black  at  its  centre,  and  its  position  corresponds  to 
the  wave-length  579.  The  other  absorption-band  near  E,  conveniently  designated 
by  (/S),  is  broader,  not  so  dark,  and  its  edges  are  less  sharply  defined.  Its  centre 
corresponds  to  the  wave-length  553-8.  In  very  dilute  solutions  the  a  band  is  the 
only  one  visible.  In  a  strong  solution,  as  shown  in  fig.  17,  the  two  bands  fuse,  but 
are  again  made  visible  as  two  on  dilution  of  the  blood.] 

Reduction  of  Oxyhaemoglobin. — It  gives  up  its  0  very  readily,  however,  even 
when  means  which  set  free  absorbed  gases  are  used.  It  is  reduced  by  the  removal 
of  the  gases  by  the  air-jnimp,  by  the  ronductiori  through  its  solution  of  other  (jim-s 
(CO),  and  by  Ueating  to  the  boiling-point.  In  the  circulating  blood  its  O  is  very 
rapidly  given  up  to  the  tissues,  so  that  in  suffocated  animals  only  reduced  hmno- 
fjlohin  is  found  in  the  arteries.  Some  constituents  of  the  serum  and  sugar  remove 
its  O.  By  adding  to  a  solution  of  oxyhiemoglobin  reducing  substances— (^..7., 
ammonium  sulphide,  iron  filings,  or  Stokes's  fiuid  [tartaric  acid,  iron  proto-sulphate, 
and  excess  of  ammonia] — the  two  absorption-bands  of  the  spectrum  disappear,  and 
redmed  heemoglohin  (gas-free),  with  one  absorption-band,  is  formed.  The  colour 
changes  from  a  bright  red  to  a  pur])lish  or  claret  tint,  The  two  bands  are 
reproduced  by  shaking  the  reduced  haemoglobin  with  air,  wherebj'^  0.,Hb  is  again 
formed.  Solutions  of  oxyhaemoglobin  are  readily  distinguished  by  their  scarlet 
colour  from  the  purplish  tint  of  reduced  hcBmoglobin. 

[The  single  absorption-band  (fig.  17,  4)  designated  by  the  letter  (y),  lying  about 
midway  between  the  position  of  the  two  previous  bands,  is  broader,  faintei',  less 
deeply  shaded,  and  its  centre  is  about,  but  not  quite,  intermediate  between  D  and 
E.  It  extends  between  the  wave-lengths  595  and  538,  and  is  blackest  opposite  the 
wave-length  550,  so  that  it  lies  nearer  D  than  E.  At  the  same  time  more  of  the 
blue  rays  are  transmitted.  On  dilution  the  band  is  not  resolved  into  two,  but 
simply  becomes  fainter  and  disappears.] 

[Hcemoglobin  has  certain  remarkable  characters  : — ^(1)  Although  it  is  a  crystalloid 
body  it  diffuses  with  difficulty  through  an  animal  membrane,  owing  to  the  large 
size  of  its  molecule.  (2)  It  readily  combines  with  O  to  form  an  unstable  and  loose 
chemical  compound,  oxyhemoglobin.  (3)  This  0  it  gives  up  readily  to  the  tissues 
or  other  deoxidising  reagents.  (4)  Its  composition  is  very  complex,  for,  in  addition 
to  the  ordin.ary  elements  present  in  proteids,  it  contains  a  remarkable  amount  of 
iron  (0*4  per  cent.).] 

If  a  string  he  tied  round  the  base  of  two  fingers  so  as  to  internipt  the  circulation,  spectro- 
scopic examination  shows  that  the  oxyhiunioglobin  rapidly  passes  into  reduced  Wh  [Tie rordt). 
Cold  delays  this  reduction  ;  it  is  accelerated  in  youth,  during  muscular  activity,  or  by  su])prcssed 
respiration,  and  usually  also  during  fever. 

The  spectroscopic  exaTuination  of  small  blood-stains  is  often  of  the  utmost  forensic  im]iort- 
ance.  A  minimal  drop  is  sufficient.  Dissolve  the  stain  in  a  few  drops  of  distilleil  water,  and 
place  the  solution  in  a  thin  glass  tube  in  front  of  the  slit  of  the  spectroscope. 

Para-haemoglobin. — If  0._,Hb  be  preserved  imdcr  alcohol  it  passes  into  a  modilied  form, 
which  is  insoluble  in  water  (Ncncki  and  Sicher). 

2.  Methsemoglobin  is  a  more  stable,  crystalline  compound  {Hoppe-Sej/ler).  It 
contains  the  same  amount  of  O  as  OoHb,  but  in  a  different  chemical  union,  while 
the  0  is  also  more  firmly  united  with  it.  It  shows  four  absorption-bands  like 
hcBmatin  in  acid  solution  (fig.  17,  5),  of  which  that  between  C  and  D  is  distinct ; 
the  second  is  very  indistinct,  while  the  third  and  fourth  readily  fuse,  so  that  these 
last  two  bands  are  only  well  seen  with  good  apparatus. 

It  is  produced  spontaneously  in  old  brown  blood-stains,  in  the  crusts  of  bloody  wounds,  in  blood 
cysts,  and  in  bloody  urine.  Chemically,  it  can  be  prepared  from  a  solution  of  Hb,  by  the  action  of 
potassic  ferri-cyanidc  {Jdderliolm)  or  potassic  chlorate  (Marchroul),  [or  by  adding  to  a  solution 
of  Hb  a  freshly  prepared  solution  of  potassic  permanganate],  and  in  non-laky  blood  l)y  alloxantin 
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{Koiralarsky).  It  crystnllises  if  detibrinated  blood  is  sliaken  with  aniyl  nitrite  and  the 
malioganj'-brown  laky  Ihiid  be  allowed  to  evaporate  slowly  {Hall ilmrton). 

If  a^'trace  of  ammonia  be  adiied  to  a  solution  of  methajmoglobin,  it  gives  an  alkaline  solution 
of  methiemofdobin,  which  shows  two  bands  like  oxyhemoglobin,  of  which  the  first  one  is  the 
broader,  and"  xtcnds  more  towards  the  red.  If  ammonium  sulphide  be  added  to  the  methremo- 
globin  solution,  reduced  Hb  is  formed. 

[Action  of  Nitrites. — The  addition  of  amyl  nitrite  dissolved  in  alcohol,  or  sodic 
or  potassic  nitrite  to  defibrinated  blood  causes  the  latter  to  assume  a  chocolate 
colour,  which,  on  the  addition  of  ammonia,  changes  to  red.  The  chocolate-coloured 
fluid  shows  one  well-defined  band  in  the  red,  and  less  distinctly  other  three  bands  like 
niethcBmoglobin  ( Gamgee). ] 

[Tlie  nitrites  therefore  form  a  compound  with  its  oxygen  more  firmly  fixed  than  the  0  in 
HbOo,  so  that  large  doses  of  nitrites  arrest  the  internal  respiration  and  are  poisonous.  It  is, 
however,  affected  by  the  products  formed  in  the  blood  during  asphyxia,  while  CO-Hb  is  not, 
the  meth?emoglobin  formed  by  the  nitrites  is  reduced  by  these  products  to  Hb,  which  as  it 
passes  through  the  lungs  takes  up  0.] 

16.  CARBONIC  OXIDE-HEMOGLOBIN,  POISONING  WITH  CO.-  3.  CO- 

HaBmoglobin  is  a  more  stable  chemical  compound  than  the  foregoing,  and  is  pro- 
duced at  once  when  carbonic  oxide  is  brought  into  contact  with  pure  Hb  or  O^Hb 
[CI.  Bernard,  1857).  It  has  an  intensely  florid  or  cherry  ?W  colour,  is  not  dichroic, 
and  its  spectrum  shows  two  a"bsorptioii-"bands,  very  like  those  of  OgHb,  but  they 
are  slightly  closer  together  and  lie  more  towards  the  violet  (fig.  17,  3).  Eeducing 
substances  which  act  upon  HbO^.  e.;/.,  ammonium  sulphide  or  Stokes's  fluid,  do  not 
affect  these  bands,  i.e.,  they  cannot  convert  the  CO-Hb  into  reduced  Hb.  If  a  10 
per  cent,  solution  of  caustic  soda  be  added  to  a  solution  of  CO-Hb,  and  heated,  it 
gives  a  cmnahar  red  colour  ;  while,  with  an  HbO.,  solution,  it  gives  a  dark  brown, 
greenish,  greasy  mass.  Oxidising  substances  [solutions  of  potassic  permanganate 
(0"025  per  cent.),  potassic  chlorate  (5  per  cent.),  and  dilute  chlorine  solution]  make 
solutions  of  CO-Hb  cherry  red  in  colour,  while  they  turn  solutions  of  O.^Hb  pale 
yellow.  After  this  treatment  both  solutions  show  the  absorption  bands  of  metha:-- 
mogoblin,  but  those  of  the  CO-Hb  appear  considerably  later.  If  ammonium 
sulphide  be  added,  0.2Hb  and  CO-Hb  are  re-formed. 

On  account  of  its  stability,  CO-Hb  resists  external  influences  and  even  putrefaction  for  a  long 
time,  and  the  two  bands  of  the  spectrum  may  be  visible  after  many  months.  Landois  obtained 
the  soda  test  and  spectroscopic  bands  in  the  blood  of  a  woman  poisoned  eighteen  months  pre- 
viously by  CO,  and  after  great  putrefaction  of  the  body  had  taken  place.  [Stirling  has  kept 
CO-Hb  in  a  stoppered  bottle  for  five  years  without  putrefaction  taking  place] 

If  CO  or  air  containing  it  be  inspired,  it  gradually  displaces  the  O,  volume  for 
volume,  out  of  the  red  blood-corpuscles,  and  death  soon  occurs  ;  1000  c.cm.  inspired 
at  once  will  kill  a  man.  A  very  small  quantity  in  the  air  (j^-xtmttt)  suffices,  in 
a  relatively  short  time,  to  form  a  large  quantity  of  CO-Hb.  As  continued  contact 
with  other  gases  (such  as  the  passing  of  O  through  it  for  a  very  long  time) 
gradually  separates  the  CO  from  the  Hb,  wnth  the  formation  of  OoHb,  it  happens 
that,  in  very  partial  poisoning  with  CO,  the  blood  gradually  gets  rid  of  the  CO  by 
the  respiratory  organs.  It  is  uncertain  if  any  part  is  excreted  as  CO.2.  [CO- 
Hsemoglobin,  being  a  stable  compound  when  once  formed,  circulates  in  the  blood- 
vessels ;  but  it  neither  gives  up  oxygen  to  the  tis.sues,  nor  takes  up  oxygen  in  the 
lungs,  hence  its  very  poisonous  properties.  The  real  cause  of  death  in  animals 
poisoned  with  it  is,  that  the  internal  respiration  is  arrested.] 

Poisoning  with  Carbonic  Oxide.— Carbonic  oxide  is  formed  during  the  incomplete  combustion 
of  coal  or  coke,  and  passes  into  the  air  of  the  room,  provided  there  is  not  a  free  outlet  for  the 
products  of  combiistion.  It  occurs  to  the  extent  of  12-28  per  cent,  in  ordinary  gas,  which 
largely  owes  its  poisonous  properties  to  the  presence  of  CO.  If  the  0  be  gradually  displaced  from 
the  blood  by  the  respiration  of  air  containing  CO,  life  can  only  be  maintained  as  long  as  suffi- 
cient 0  can  be  obtained  from  the  blood  to  sujiport  the  oxidations  necessary  for  life.  Death 
occurs  before  all  the  0  is  displaced  from  the  blood.  CO  has  no  effect  when  directly  applied  to 
muscle  and  nerve.   "When  it  is  mixed  with  air,  ns  in  coal-gas  poisoning,  and  inhaled,  there  is  first 
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stimulation  and  al'terwards  paralysis  of  the  nervous  system,  as  shown  by  the  symptoms  induced, 
eg.,  violent  lieadache,  great  restlessness,  excitement,' increased  activity  of  tht'lieart  ami  respira- 
tion, salivation,  tremors,  and  spasms.  Later,  unconsciousness,  weakness,  and  paralysis  occur, 
labom-ed  respiration,  diminished  heart-beat,  and  lastly,  complete  loss  of  scnsibilitvi  cessation 
of  the  respiration  and  heart-beat,  and  death.  At  first  the  temperature  rises  several"  tenths  of  a 
degree,  but  it  soon  falls  1°  or  more.  The  pulse  is  also  increased  at  first,  but  afterwards  it 
becomes  very  small  and  frequent.  In  poisoning  with  pure  CO  there  is  no  dyspn(ea,  but  some- 
times muscular  spasms  occur,  the  coma  not  being  very  marked.  There  is  also  temporary  but 
pronounced  paralysis  of  the  limbs,  followed  by  violent  spasms.  After  death  the  heart  and  brain 
are  congestetl  with  intensely  florid  blood.  In  poisoning  with  the  vapour  of  charcoal,  where 
CO  and  CO^  both  occur,  there  is  a  varying  degree  of  coma  :  pronounci^d  dyspnten,  muscular 
spasms  which  may  last  several  minutes,  gradual  paralysis  and  asphyxia,  moniliform  contrac- 
tions and  subsequent  dilatation  of  the  blood-vessels,  with  congestion  of  various  organs,  occur, 
accompanied  by  a  fall  of  the  blood-pressure  (Kfcbti),  indicating  initial  stimulation  and  subsequent 
paralysis  of  tlie  vaso-motor  centre.  This  also  explains  the  variations  in  the  temperature  ami 
the  occasional  occurrence  of  sugar  in  the  urine  after  poisoning  with  CO.  After  death,  the 
blood-vessels  are  found  to  be  tilled  with  fluid  blood  of  an  exquisitely  Itright  cherry  red  colour, 
•while  all  the  muscles  and  viscera  and  exposed  parts  of  the  body  (such  as  the  lips)  have  the  same 
colour.  The  brain  is  soft  and  friable ;  there  is  catarrh  of  the  respiratory  organs  and  degenera- 
tion of  the  muscles,  and  great  congestion  and  degeneration  of  the  liver,  kidneys,  and  spleen. 
The  spots  of  lividity,  2)ost-mortcm,  are  bright  red.  After  recovery  from  poisoning  with  CO 
there  may  be  paraplegia  and  (although  more  rarely)  disturbances  of  the  cerebral  activity. 

17.  OTHER  COMPOUNDS  OF  HEMOGLOBIN.— 4.  Nitric  Oxide-Hsemo 
globin  (NO-Hb)  is  formed  when  NO  is  brought  into  contact  with  Hb  (Z. 
HcriiKinn). 

As  NO  has  a  great  affinity  for  O,  red  fumes  of  nitrogen  peroxide  (NO.,)  being  formed  when- 
ever the  two  gases  meet,  it  is  clear  that,  in  order  to  prepare  NO-Hb,  the  0  must  first  be 
removed.  This  may  be  done  by  passing  H  through  it,  [or  ammonia  may  be  added  to  the  blood,  ami 
a  stream  of  NO  passed  through  it ;  the  ammonia  combines  with  all  the  acid  formed  by  the  union 
of  the  NO  with  the  O  of  the  blood].  NO-Hb  is  a  viorc  stable  chemicnl  cnmjwund  than  CO-Hb, 
which,  as  we  have  seen,  is  again  more  stable  than  O.jHb.  It  has  a  hhiish-viuht  tint,  and  also 
gives  two  absorption-bands  in  the  spectnmi  similar  to  those  of  the  other  two  compounds,  but 
not  so  intense.  These  bands  are  not  abolislied  by  the  action  of  reducing  agents.  As  NO-Hb 
cannot  be  formed  in  the  body,  it  has  no  practical  significance. 

The  three  compounds  of  Hb,  with  O,  CO,  and  NO  are  crystalline,  like  reduced 

Hb  ;  they  are  isomorphous,  and  their  solutions  are  not  dichroic.    All  three  gases 

unite  in  equal  volumes  with  Hb.    If  O  be  conducted  through  a  concentrated 

solution  of  Hb  devoid  of  gases,  a  crystalline  mass  of  0._,Hb  is  thereby  readily 

formed. 

5.  Cyanogen,  GNU  {Hoppe-SeyJer),  and  acetylene,  C.2H4  {Bi-itrou-  and  Liehrcich),  form  easily 
decomposable  compounds  with  Hb.  The  former  occurs  in  poisoning  with  hydrocyanic  acid,  and 
has  a  s])ectrum  nearly  identical  with  that  of  O.jHb,  and,  like  OoHb,  it  is  reduced,  but  very 
slowly,  by  special  reagents.  [The  existence  of  these  compounds  is,  however,  highly  doulttfnl 
{Gamgee).} 

18.  DECOMPOSITION  OF  HEMOGLOBIN.— In  solution  and  in  the  dry 

state  Hb  gradually  becomes  decomposed,  whereby  the  iron-containing  pigment 
htematin  (along  with  certain  bye-products,  formic,  lactic,  and  butyric  acids),  i.'^ 
formed.  Haemoglobin,  however,  may  be  decomposed  at  once  into — (1)  Haematin, 
a  body  containing  iron,  and  (2)  a  colourless  proteid  closely  related  to  globulin  ;  by 
{(i)  the  addition  of  all  acids,  even  by  CO.^  in  the  presence  of  plenty  of  water  ;  (/>) 
strong  alkalies  ;  {c)  all  reagents  which  coagulate  albumin,  and  by  heat  at  70°-80' 
C;  {d)  by  ozone. 

(A)  Haematin,  C32lT.{2N4F'^C)^  {Nenrl-i  and  Siehcr),  is  a  bluish-black  amorphous 
body,  which  forms  about  4  per  cent,  of  bfcmoglobin  (dog).  It  is  imolublc  in  water, 
alcohol,  and  ether  ;  soluble  in  dilute  alkalies  and  acids,  and  in  acidulated  ether  and 
alcohol. 

(1)  Acid  Hsematin. — Lecanu  extracted  it  from  dry  blood-corpuscles  by  using 
alcohol  containing  sulphuric  and  tartaric  acids.  [If  acetic  acid  be  added  to  a 
solution  of  Hb  and  slightly  heated,  a  mahogany-brown  fluid  is  obtained,  containing 
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hsematin  in  and  solution,  which  gives  a  spectrum  with  one  ahsorption-band  to  the 
red  side  of  D  near  C  (fig.  17,  5).  There  is  at  the  same  time  a  considerable 
absorption  of  tlie  blue  end  of  the  spectrum.  If  an  ethereal  extract  of  the  acid- 
hrematin  be  made,  the  ether  is  coloured  brown  and  shows  four  absorption-bands, 
as  in  tig.  17,  j"!.] 

(2)  Alkali-hsematin. — [If  to  the  above  solution  ammonia  or  caustic  soda  be 
added,  on  heating  gently,  the  colour  changes,  and  tlie  fluid  becomes  dichroic,  showing 
a  greenish  tinge.  On  mixing  the  solution  thoroughly  with  air  the  spectrum  of 
oxy-alkali-hjBmatin  is  obtained,  i.e.,  one  absorption-band  just  to  the  red  side  of  D 
(fig.  17,  G),  so  that  it  is  much  nearer  D  than  the  corresponding  band  of  acid- 
ha^natin.    Much  of  the  blue  end  of  the  spectrum  is  absorbed  as  well.] 

[(3)  Reduced  Alkali-haematin  or  Hsemochromogen. — If  the  solution  of  alkali- 
ha^matin  be  reduced  by  ammonium  sulphide,  the  spectrum  of  hajmochromogen  is 
obtained,  viz.,  two  absorption-bands  between  D  and  E,  but  they  are  nearer  the 
violet  end  than  in  the  case  of  HbO^  and  Hb-CO  (fig.  17,  7).] 

[(4)  Haematoporphyrin  or  Iron-free  Hsematin. — On  adding  blood  to  con- 
centrated sulphuric  acid  a  clear  purplish-red  solution  is  obtained,  which  shows  two 
absorption-bands,  one  close  to  and  on  the  red  side  of  D,  and  a  second  half-way 
between  I)  and  E.  If  water  be  added  a  brown  precipitate  is  thrown  down.  When 
this  precipitate  is  dissolved  in  caustic  soda,  it  gives  a  fluid  which  shows  four 
absorption-bands.] 

Action  of  CO.j. — IfCC^be  jiasscd  tlirougli  a  solution  of  oxyliiumoglobin  for  a  considerable 
time,  reduced  Hb  is  first  formed  ;  but  if  the  process  be  prolonged  the  Hb  is  decomposed,  a 
])recipitate  of  globulin  is  thrown  down,  and  an  absorption-band,  similar  to  that  obtained  when 
Hb  is  decomposed  with  acids,  is  observed  (p.  2."i). 

An  alkaline  solution  of  h^matin,  when  i-educed  by  tin  and  hydrochloric  acid, 

yields  urobilin  (compare  261). 

When  hicmoglobin  is  extravasated  into  the  subcutaneous  tissue,  it  becomes  so  altered  that 
at  first  ha'matoidin     20),  and  ultimately  hydrated  oxide  of  irou,  appear  in  its  place. 

19.  H^MIN  AND  BLOOD  TESTS.— In  1853  Teichmann  prepared  crystals  of 
haemia  from  blood,  which  Hoppe-Seyler  showed  to  be  chloride  of  hsematin 
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Fig.  18. 

Hieniin  crystals.    1,  human  , 

4,  pig  ;  5,  lamb  ;  6,  pike;  7,  rabbit. 


2,  seal  ;  3,  calf 


1     if^v  C 


-        -  ^  / 


Fig.  19. 


Hipmin  crj'stals  ])repared 
from  traces  of  blood. 


(Hnematin,  +2HC1),  with  the  formula  C^.^Hg^CIN^FeO^  {NencU  and  Sieher). 
The  presence  of  these  crystals  is  used  as  a  test  for  blood-stains  or  blood  in  solution. 
Tiiey  (fig.  18)  are  prepared  by  adding  a  small  crystal  of  common  salt  to  dry  blood 
on  a  glass  slide,  and  then  an  excess  of  gladal  acetic  acid  ;  the  whole  is  gently  heated 
until  bubbles  of  gas  are  given  off.  On  allowing  the  preparation  to  cool,  the 
characteristic  haimin  crystals  are  obtained.  ' 
Characters.— A\'])eri  well  formed,  the  crystals  are  small  microscopic  rhombic 
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plates,  or  rods  ;  sometimes  tliey  are  single — at  other  times  they  are  aggregated  in 
groups,  often  crossing  each  other.  iSome  kinds  of  blood  (ox  and  pig)  yield  very 
irregular,  scarcely  crystalline,  masses.  The  crystalline  forms  of  hsemin  are  identical 
in  all  the  different  kinds  of  blood  that  have  been  examined.  They  are  doubly 
refractive ;  under  the  polarization  microscope  they  are  a  glancing  yellow,  appear- 
ing raised  on  the  dark  field,  with  a  strong  absorption  of  the  light  parallel  to  the 
long  axis  of  the  crystals  {Fall-  and  Morache).  They  are  pleochromatic  :  by 
transmitted  light  they  are  mahogany-brown,  and  by  reflected  light  bluish-black, 
glancing  like  steel. 

(1)  Preparation  from  Dry  Blood-Stains. —riace  a  fcAv  particles  of  the  blood-stain  on  a  glass 
slide,  add  2  to  3  drops  of  glacial  acetic  acid  and  a  small  crystal  of  common  salt  ;  cover  with  a 
cover-glass,  and  lieat  gently  over  the  flame  of  a  spirit  lamp  until  bubbles  of  gas  are  given  off. 
On  cooling,  tlie  crystals  appear  in  the  preparation  (tig.  19). 

(2)  From  Stains  on  Porous  Bodies. —Tlie  stained  object  (cloth,  wood,  blotting  paper,  earth) 
is  extracted  with  a  small  quantity  of  dilute  caustic  potash,  and  afterwards  witli  water  in  a 
watch-glass.  Both  solutions  are  carefully  filtered,  and  tannic  acid  and  glacial  acetic  acid  are 
added  until  an  acid  reaction  is  obtained.  The  dark  precipitate  whicli  is  formed  is  collected  on 
a  filter  and  washed.  A  small  part  of  it  is  placed  on  a  microscope  slide,  a  granule  of  common 
salt  is  added,  antl  the  whole  dried  ;  the  dry  stain  is  treated  as  in  (1)  {Sf.ruwe). 

(3)  From  Fluid  Blood. — Dry  the  blood  slowly  at  a  low  temperature,  and  proceed  as  in  (1). 

(4)  From  Dilute  Solutions  of  Hsemoglobin. — (a)  Strutve's  Method. — Add  to  the  fluid,  am- 
monia, tannic  acid,  and  afterwards  glacial  acetic  acid,  until  it  is  acid  ;  a  black  precipitate  of 
tannate  of  Invmatiu  is  thrown  down.  This  is  isolated,  washed,  dried,  and  treated  as  in  (1),  but 
instead  of  NaCl  a  granule  of  ammonium  chloride  is  added. 

Hoemin  crystals  may  sometimes  be  prepared  from  putrefying  or  lake- coloured 
blood,  but  they  are  very  small,  and  the  test  often  fails.  When  mixed  with  iron- 
rust,  as  on  iron  weapons,  the  blood-crystals  are  generally  not  formed.  In  such  cases, 
scrape  off  the  stains  and  boil  them  with  dilute  caustic  potash.  If  blood  be  present, 
the  di.ssolved  hfematin  forms  a  fluid,  which  in  a  thin. layer  is  green,  in  a  thick 
layer  red  (//.  Bos*'). 

Hiiemin  crystals  have  been  prepared  from  all  classes  of  vertebrates  and  from  the  blood  of 
the  earth-worm.    From  the  blood  of  the  ox  and  pig  they  may  be  almost  amorphous. 

Chemical  Characters. — They  are  insoluble  in  water,  alcohol,  ether,  chloroform  ;  but  cou- 
•centrated  H^SOj  dissolves  them,  expelling  the  HCl,  and  giving  a  violet-red  colour.  Ammonia 
also  dissolves  them,  and  if  the  resulting  solution  be  evaporated,  heated  to  130°  C,  and  treated 
with  boiling  water  (which  extracts  the  ammonium  chloride),  hsematoporphyrin — identical  with 
]\Iulder's  iron-free  hsBmatoin,  and  with  Preyer's  hsematoin,  is  obtained  {Hoppc-Sci/lcr). 
It  is  a  bluish-black  substance,  which  on  being  pounded  forms  a  brown  and  amorphous  powder. 
Its  solutions  in  caustic  alkalies  are  dichroic  :  in  reflected  light  browni.sh-red  ;  in  transmitted 
light,  in  a  thick  stratum,  red — in  a  thin  one,  olive-green.  The  acid  solutions  are  monochro- 
matic and  blown. 

Preparation  in  Balk. — To  obtain  it  in  quantity,  heat  dried  horse's  blood  with  10  jiarts  of 
formic  acid.    If  the  crystals  be  suspended  in  methyl  alcohol,  on  adding  iodine  and  heating 
them  they  dissolve  with  a  purple  colour ;  after  adding  bromine, 
brown  ;  and  after  passing  chlorine  gas,  green  ;  all  these  give  a 
■characteristic  spectrum  {Axenfeld). 

The  glacial  acetic  acid  may  be  replaced  by  oxalic  or  tartaric 
acid,  the  common  salt  by  salts  of  iodine  or  bromine  ;  in  the  latter 
■case  similar  bromine-  or  iodine-ha>matin  is  formed  {Bik/alvi). 

20.  H^MATOIDIN.—Virchow  discovered  this  im- 
portant derivative  of  haemoglobin.  It  occurs  in  the 
body  wherever  blood  stagnates  outside  the  circulation,  ^.^ 

and  becomes  decomiiosed — as  when  blood  is  extra vasated  ,      "  "    ,  , 

.  ,     .1      ,•  ^  1     •      •        1-       J  1  1    J         HiBmatoidm  cry.stals. 

into  the  tissues — e.ff.,  the  bram — in  solidified  blood- 

plugs  or  thrombi;  especially  in  veins;  invariably  in  the  Graafian  follicles.  It  con- 
tains no  iron  (C.^oH^^N^Oj^;),  and  crystallises  in  clino-rhombic  prisms  (fig.  20)  of  a 
yellowish-brown  colour.  It  is  soluble  in  warm  alkalies  and  chloroform.  Very 
probably  it  is  identical  with  the  bile-pigment — bilirubin.    [When  acted  upon 
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by  impure  nitric  acid  (Gnielin's  reaction),  it  gives  the  same  play  of  colours  as 
bile.] 

Pathological.— In  ca.ses  where  a  large  amount  of  blood  lias  undergone  solution  within  the 
Wood-vessels  (as  by  iujeeting  foreign  blood)  hfeinatoidin  crystals  have  been  found  in  the  urine. 
For  their  occurreni-e  in'  the  nrine  in  jaundice  (§  180),  and  in  the  sputum  138). 

21.  (B.)  THE  COLOURLESS  PROTEID  OF  HiEMOGLOBIN.— It  is  closely 
related  to  globulin ;  but,  while  the  latter  is  precipitated  by  all  acids,  e%'en  by  C0^„ 
and  re-dissolved  on  passing  O  through  it,  the  proteid  of  haemoglobin,  on  the  other 
hand,  is  not  dissolved  after  precipitation  on  passing  through  it  a  stream  of  O. 

As  crystals  of  hiemoglobin  can  be  decolorised  under  special  circumstances,  it  is  probable  that 
there  owe  their  crystalline  form  to  the  proteid  which  they  contain.  Landois  placed  crystals  of 
haMUOglobin  along" with  alcohol  in  a  dialyser,  putting  ether  acidulated  with  sulphuric  acid  out- 
side, and  thereby  obtained  colouiless  crystals.  [If  frogs'  blood  be  sealed  up  on  a  microscopic 
slide  along  with  a  few  drops  of  water  for  several  days,  long  colourless  acicular  crystals  are 
developed  in  it  {StirliiKj  and  Brito).'\ 

22.  II.  PROTEIDS  OF  THE  STROMA.— Dry  red  human  blood-corpuscles  con- 
tain from  5"10-12-24  per  cent,  of  these  proteids,  but  little  is  known  about  them- 
iJiideU).  One  of  them  is  globulin,  which  is  combined  with  a  body  resembling 
nuclein  ( Wooldridr/e),  and  traces  of  a  diastatic  ferment  {v.  Wittkh).  The  stroma 
tends  to  form  masses  which  resemble  fibrin, 

L.  Brunton  found  a  body  resembling  mucin  in  the  nuclei  of  red  blood-corpuscles,  and 
Miescher  detected  nuclein  (§  250,  2). 

23.  OTHER  CONSTITUENTS  OF  RED  BLOOD-CORPUSCLES.— III.  Lecithin 
(0-35-0-72  per  cent.)  in  dry  blood-corpuscles  (§  250,  2).  Cholesterin  (0"25  per 
cent.)  (§  250,  III.),  no  Fats. 

Lecithin  is  regarded  as  a  glycero-phosphate  of  neurln,  in  which,  in  the  radical  of  glycero- 
phosphoric  acid,  two  atoms  of  H  are  replaced  by  two  of  the  radical  of  stearic  acid.  By  gentle 
heat  glycero-phosphoric  acid  is  split  up  into  glycerine  and  phosphoric  acid  (§  2.50). 

These  substances  are  obtained  by  extracting  old  stromata  or  isolated  blood-corpuscles  with 
ether.  When  the  ether  evaporates,  the  characteristic  globular  forms  ("  myelin-forms ")  of 
lecithin,  and  crystals  of  cholesterin  are  recognised.  The  amount  of  lecithin  may  be  determined 
from  the  amount  of  phosphorus  in  the  ethereal  extract. 

IV.  Water  (G81-63  per  1000— (7.  Schmidt). 

V.  Salts  (7'28  per  1000),  chiefly  compounds  of  poiash  and  phosphoric  acid  ;  the 
phosphoric  acid  is  derived  only  from  the  burned  lecithin  ;  while  the  greater  part  of 
the  sulphuric  acid  is  derived  from  the  burning  of  the  htemoglobin  in  the  analysis. 

Analysis  of  Blood. — 1000  parts,  by  weight,  of  horse's  blood  contain  : — 

344 '18  blood-corpuscles  (containing  about  128  per  cent,  of  solids). 
655 '82  plasma  (containing  about  10  per  cent,  of  solids). 

1000  parts,  by  weight,  of  moist  blood -corpuscles  contain  : — ■ 

Solids,    ....       367-9  (pig);  400-1  (ox). 
Water,    .       .       .       .       632-1    ,,      599-9  ,, 


The  solids  are  : — 

Pis.  Ox. 

Hfemoglobin,   261  280-5 

Proteids,   86-1  107 

Lecithin,  Cholesterin,  and  other  Organic  Bodies,  12-0  7-5 

Inorganic  salts,   8-9  4*8 

f  Potash   5-543  0-747 

I  ]\Iagnesia,   0-158  0*017 

Including  j  Chlorine,   1-504  1-635 

1  Phosphoric  Acid,    ....  2  067  0*703 

^'^oda,   0  2-093  (5M?i(/e). 


[An  approximate  estimate  of  the  composition  of  human  blood  is  given  in  the 
following  table  : — 


COMPOSITION  OF  THE  WHITE  CORPUSCLES. 


29 


Composition  of  Human  Blood  as  a  Whole. 
"Water,  ......... 

Solids — of  these — 

Corpuscles,  

Serum-albumin,  \ 

Serum-globuliu,  /  " 

Fibrin  of  Clot  (!  Fibrinogeu),  . 

Inorgiuiie  Salts  (of  serum), 

Extractives,  ..... 

Fatty  matters,  .... 
Gases,  O,  CO,,,  N.] 


1.34 
70 


2-2 
6-0 
6-2 
1-4 


780 


220 


24.  CHEMICAL  COMPOSITION  OF  THE  WHITE  CORPUSCLES.— Investi- 
gations have  been  made  on  pus  cells,  which  closely  resemble  colourless  blood- 
corpuscles.  They  contain  several  proteids  ;  alkali-albuminate,  a  proteid  which 
coagulates  at  48°  C,  an  albuminate  resembling  myosin,  paraglobulin,  peptone,  and  a 
coagulating  ferment ;  nuclein  in  the  nuclei  (§  250,  2),  glycogen  (§  252),  lecithin, 
■cerebrin,  cholesterin,  and  fat. 

100  parts,  by  weight,  of  dry  pus  contain  the  following  Salts  : — 


Earthj'  Phosphates, 
Sodic  Phosphate, 


0-416 
0-606 


Potash,  . 
Sodic  Chloride, 


O'201 
0-143 


25.  BLOOD-PLASMA  AND  ITS  RELATION  TO  SERUM.— The  unaltered 
fluid  in  which  the  blood-corpuscles  tloat  is  called  blood-plasma,  or  liquor  sanguinis. 
This  fluid,  however,  after  blood  is  withdrawn  from  the  vessels,  rapidly  undergoes  a 
change,  owing  to  the  formation  of  a  solid  fibrous  .substance — fibrin.  After  this 
occurs,  the  new  fluid  which  remains,  no  longer  coagulates  spontaneously  (it  is 
plasma,  viimis  the  fibrin-factors),  and  is  called  serum.  Apart  from  the  presence  of 
the  fibrin-factors,  the  chemical  composition  of  plasma  and  serum  is  the  same. 

[When  blood  coagulates,  Table  I.  shows  what  takes  place,  while  Table  II.  sliows  what  occurs 
when  it  is  beaten  : — 


I. 

Coagulation. 

Blood. 

I 


Plasma. 


Coi-puscles. 


Serum. 


I 

Kibvin-factors. 

I 


Blood-Clot. 


II. 

When  beaten. 
Blood. 

I 


Plasma. 

__\  

I 

Fibrin -factors. 


Fibrin. 


Coii)usclcs. 


Serum. 


Seflbrinated  Blood. 


Plasma  is  a  clear,  transparent,  slightly  thickish  fluid,  which,  in  most  animals 
(rabbit,  ox,  cat,  dog),  is  almost  colourless;  in  man  it  is  yellow,  and  in  the  horse 
citron  yellow. 

26.  PREPARATION  OF  PLASMA.— (A)  Without  Admixture.— Taking 
advantage  of  the  fact  that  plasma,  when  cooled  to  0°  outside  the  body,  does  not 
coagulate  for  a  considerable  time,  Briicke  prepares  the  plasma  thus  : — The  blood  of 
the  horse  (because  it  coagulates  slowly,  and  its  corpuscles  sink  rapidly  to  the  bottom) 
is  received,  as  it  flows  from  an  artery,  into  a  tall  narrow  glass,  placed  in  a  freezing- 
mixture,  and  cooled  to  0°.  The  blood  remains  fluid,  the  coloured  corpuscles 
■subside  in  a  few  hours,  while  the  plasma  remains  above  as  a  clear  layer,  which  can 
be  removed  with  a  cooled  pipette.  If  this  plasma  be  then  passed  through  a  cooled 
filter,  it  is  robbed  of  all  its  colourless  corpuscles.  [Burdon-Sanderson  uses  a  vessel 
•consisting  of  three  compartments — the  outer  and  inner  contain  ice,  while  the  blood 
is  caught  in  the  central  compartment,  which  does  not  exceed  half  an  inch  in 
•diameter.]  The  quantity  of  plasma  may  be  roughly  (but  only  roughly)  estimated 
-by  using  a  tall,  graduated  measuring-glass.    If  the  plasma  be  warmed,  it  soon 
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coagulates  (owing  to  the  formation  of  the  fibrin),  and  passes  into  a  trembling  jelly. 
If,  however,  it  be  beaten  with  a  glass-rod,  the  fibrin  is  obtained  as  a  white  stringy 
mass,  adhering  to  the  rod.  The  quantity  of  fibrin  in  a  given  volume  of  plasma  is 
very  .small  (p.  'M),  although  it  varies  much  in  different  cases. 

(B)  With  Admixture. — Blood  flowing  from  an  artery  is  caught  in  a  tall  vessel 
containing  4th  of  its  volume  of  a  concentrated  solution  of  sodic  sulphate  {Heivsov) 
— or  in  a  25  per  cent,  solution  of  magnesic  sulphate  (1  vol.  to  -i  vols,  blood — 
Simmer) — or  1  vol.  blood  with  2  vols,  of  a  4  per  cent,  solution  of  monophosphate 
of  potash  (Masia).  When  the  blood  is  mixed  with  these  fluids  and  put  in  a  cool 
place,  the  corpuscles  subside,  and  the  clear  stratum  of  plasma  mixed  with  the  salt.s 
may  be  removed  with  a  pipette.  [The  plasma  so  obtained  is  called  "  salted 
plasma."]  If  the  salts  be  removed  by  dialysis,  coagulation  occurs  ;  or  it  may  be 
caused  by  the  addition  of  water  (Jo/i.  Milller).  Blood  which  is  mixed  with  a  4  per 
cent,  solution  of  common  salt  does  not  coagulate,  so  that  it  also  may  be  used  for 
the  preparation  of  i)lasma.  [For  frogs'  blood  Johannes  Miiller  used  a  J-  per  cent, 
solution  of  cane-sugar,  which  permits  the  corpuscles  to  be  separated  from  the 
plasma  by  filtration.  The  plasma  mixed  with  the  sugar  coagulates  in  a  short 
time.] 

27.  FIBRIN— COAGULATION  OF  THE  BLOOD.— General  Characters.— 

Fibrin,  is  that  substance  which,  becoming  solid  in  shed  blood,  in  plasma  and  ia 
lymph  causes  coagulation  of  these  fluids.  In  these  fluids,  w^hen  left  to  themselves, 
fibrin  is  formed,  consisting  of  innumerable,  excessively  delicate,  closely-packed, 
microscopic,  doubly  refractive  fibrils  (fig.  7,  E).  These  fibrils  entangle  the  blood- 
corpuscles  as  in  a  spider's  web,  and  form  with  them  a  jelly-like  solid  mass  called 
the  blood-clot  or  placenta  sanguinis.  At  first  the  clot  is  very  soft,  and  after  the 
first  2  to  15  minutes  a  few  fibres  may  be  found  on  its  sui'face  ;  these  may  be 
removed  with  a  needle,  while  the  interior  of  the  clot  is  still  fluid.  The  fibres, 
ultimately  extend  throughout  the  entire  mass,  which,  in  this  stage,  has  been  called 
cruor.  After  from  12  to  15  hours  the  fibrin  contracts,  or,  at  least,  shrinks  more 
and  more  closely  round  the  corpuscles,  and  a  fairly  solid,  trembling,  jelly-like  clot, 
which  can  be  cut  with  a  knife,  is  formed.  During  this  time  the  clot  takes  the 
shape  of  the  vessel  in  which  the  blood  coagulates,  and  expresses  from  its  substance 
a  fluid- — the  blood-serum.  Fibrin  may  be  obtained  by  washing  away  the  corpuscles 
from  the  clot  with  a  stream  of  water. 

Crusta  Phlogistica. — If  the  corpuscles  subside  very  rapidly,  and  if  the  blood 
coagulates  slowly,  the  upper  stratum  of  the  clot  is  not  red,  but  only  yellowish,  on 
account  of  the  absence  of  coloured  corpuscles.  This  is  regularly  the  case  in  horse's 
blood,  and  in  human  blood  it  is  observed  especially  in  inflammations  ;  hence  this 
layer  has  been  called  crusta  phlogistica.  Such  blood  contains  more  fibrin,  and  sa 
coagulates  more  slowly. 

The  crusta  is  formed  under  other  circumstances,  e.g.,  with  increased  sp.  gr.  of  the  corpuscles, 
or  diminished  sp.  gr.  of  the  plasma  (us  in  hydremia  and  chlorosis),  whereby  the  corpuscles  sink 
more  rapidly,  and  also  during  pregnancy.  The  taller  and  narrower  the  glass,  the  thicker  is 
the  crusta  (compare  §  41).  The  upper  end  of  the  clot,  where  there  are  few  corpuscles,  shrinks 
more,  and  is  therefore  smaller  than  the  rest  of  the  clot.  This  upper,  lighter-coloured  layer  is 
called  the  "buffy  coat"  ;  but  it  gradually  passes  both  in  size  and  colour  into  the  normal  dark- 
coloured  clot.  [Sometimes  the  upper  surface  of  the  clot  is  concave  or  "cupped."  The  older 
physicians  attached  great  importance  to  this  condition,  and  also  to  the  occurrence  of  the  bully 
coat.] 

Defibrinated  Blood.— If  freshly-shed  blood  be  beaten  or  whipped  with  a  glass- 
rod,  or  with  a  bundle  of  twigs,  fibrin  is  deposited  on  the  rod  or  twigs  in  the  form 
of  a  solid,  fibrous,  yellowish-white,  elastic  mass,  and  the  blood  which  remains  is 
called  dejibrinated  blood"  (p.  29).  [The  twigs  and  fibrin  must  be  washed  in  a 
stream  of  water  to  remove  adhering  corpuscles.] 
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Coagulation  of  Plasma. — ^Plasma  shows  phenomena  exactly  analogous,  save  that 
the  clot  is  not  so  well  marked,  owing  to  the  absence  of  the  resisting  corpuscles  ; 
there  is,  however,  always  a  soft  trembling  jelly  formed  when  plasma  coagulates. 
[In  Hewson's  experiment  on  the  blood  of  a  horse  tied  in  a  vein,  he  found  that  the 
plasma  coagulated — fibrin  being  formed,  so  that  he  showed  coagulation  to  be  due  to 
changes  in  the  plasma  itself  (§  29).] 

Properties  of  Fibrin. — Although  the  fibrin  appears  voluminous,  it  only  occurs 
to  the  extent  of  0-2  per  cent.  (0"1  to  0-3  per  cent.)  in  the  blood.  The  amount 
varies  considerably  in  two  samples  of  the  same  blood.  It  is  insoluble  in  water  and 
ether;  alcohol  shrivels  it  by  extracting  water;  dilute  hydrochlox-ic  acid  (0*1  per 
cent.)  causes  it  to  swell  up  and  become  clear,  and  changes  it  into  syntonin  or  acid- 
albumin  249,  III.).  When  fresh,  it  has  a  greyish-yellow  fibrous  appearance, 
and  is  elastic  ;  when  dried,  it  is  horny,  transparent,  brittle,  and  friable. 

When  fresh  it  dissolves  in  6-8  per  cent,  sohxtious  of  sodium  nitrate  or  sulphate,  in  tlihxte 
alkalies,  ami  in  ammonia,  thus  forming  alkali-albuminate.  Heat  does  not  coagulate  these 
solutions.  [It  is  also  soluble  in,  or  rather  decomposed  by,  5-10  per  cent,  solutions  of  neutral 
salts,  e.g.,  NaCl,  yielding  two  fibro-globulins  {Green).]  Hydric  peroxide  is  rapidly  decomposed 
by  fibrin  into  water  and  0  ( Tlieaard).  Fibrin  which  has  been  exposed  to  the  air  for  a  long  time 
is  no  longer  soluble  in  solution  of  potassic  nitrate,  but  in  neurin  {lUauthncr).  During  putre- 
faction it  passes  into  solution,  albumin  being  formed.  Fibrin  contains,  entangled  in  it,  ferric, 
calcic,  and  magnesic  phosphates,  and  calcium  sulphate  whose  origin  is  unknown. 

Time  for  Coagulation. — The  first  appearance  of  a  coagulum  occurs  in  man's  blood  after  3 
minutes  45  seconds,  in  woman's  blood  after  2  min.  20  sec.  {H.  iV«m').  Age  has  no  ell'ect;  with- 
drawal of  food  accelerates  coagulation  {H.  Vierordt), 

28.  GENERAL  PHENOMENA  OF  COAGULATION.— I.  Blood  in  direct 
contact  with  living  unaltered  blood-vessels  does  not  coagulate.  [Hewsou 
(1772)  found  that  when  he  tied  the  jugular  vein  of  a  horse  in  two  places,  and 
excised  it,  the  blood  did  not  coagulate  for  a  long  time.]  Briicke  filled  the  heart 
of  a  tortoise  with  blood  which  had  stood  1-5  minutes  exposed  to  the  air  at  0", 
and  kept  it  in  a  moist  chamber  ;  at  0"  C.  the  blood  was  still  uncoagulated  in  the 
contracting  heart  after  eight  days.  Blood  in  a  contracting  frog's  heart  preserved 
under  mercury  does  not  coagulate.  If  the  wall  of  the  vessel  be  altered  by 
pathological  processes  {e.f/.,  if  the  intima  becomes  rough  and  uneven,  or  under- 
goes inflammatory  change),  coagulation  is  apt  to  occur  at  these  places.  Blood 
rapidly  coagulates  in  a  de<id  heart,  or  in  blood-vessels  (but  not  in  cajiillaries)  or 
other  canals  {e.g.,  the  ureter).  If  blood  stagnates  in  a  living  vessel,  coagulation 
begins  in  the  central  axis,  because  here  there  is  no  contact  with  the  wall  of  the 
living  blood-vessel. 

11.  Conditions  which  Hinder  or  Delay  Coagulation. — {a)  The  addition  of 
small  quantities  of  alkalies,  ammonia,  or  concentrated  solutions  of  neutral  salts 
of  the  alkalies  and  earths  (alkaline  chlorides,  sulphates,  phosphates,  nitrates, 
carbonates).  Magnesic  sulphate  acts  most  favourably  in  delaying  coagulation 
(1  vol.  solution  of  28  per  cent,  to  3J  vols,  blood  of  the  horse). 

(6)  Precipitation  of  the  fibrino-plastin  by  adding  weak  acids,  or  CO.^. 

By  the  addition  of  aceiic  acid  until  the  reaction  is  acid,  coagulation  is  coini)letely  arrested. 
A  large  amount  of  CO^,  delays  it,  hence  venous  blood  coagulates  more  slowly  than  arterial,  and 
the  blood  of  suffocated  persons  remains  fluid  for  the  same  reason. 

{<:)  The  addition  of  egg -albumin,  syrup,  glycerine,  and  much  water.  If  un- 
coagulated blood  be  brought  into  contact  with  a  layer  of  already-formed  fibrin, 
coagulation  occurs  later. 

{d)  By  cold  (0°  C.)  coagulation  may  be  delayed  for  one  hour.  If  blood  is  frozen 
at  once,  after  thawing  it  is  still  fluid,  and  then  coagulates  [Hewson).  When  shed 
blood  is  under  high  pressure  it  coagulates  slowly. 

(e)  Blood  of  embryo-fowls  does  not  coagulate  before  the  twelfth  or  fourteenth  day 
of  incubation  {Boll) ;  that  of  the  hepatic  vein  very  slightly  ;  menstrual  blood  shows 


.32 


<;enei;al  phenomena  of  coagulation. 


little  tendency  to  coagulate  when  alkaline  mucus  from  the  vagina  is  mixed  with  it. 
If  it  be  rapidly  discharged,  it  coagulates  in  ma.sses.  Foetal  blood  at  the  moment  of 
birth  coagulates  soon. 

( t)  Blood  rich  in  jibriu  from  inflamed  parts  coagulates  slowly,  but  the  clot  so 
formed  is  firm. 

(7)  [Blood  coagulates  more  slowly  in  a  smooth  than  a  rough  vessel,  and  also  in 
a  shallow  vessel  than  in  a  deep  one.] 

Hsemophilia. — A  very  slight  scratch  in  some  persons  may  cause  very  free  bleeding.  These 
liersous  are  called  collociuially  "bleeders,"  and  are  said  to  have  haemophilia  or  the  haemorrhagic 
diathesis.  In  "  bleeders "  coagulation  seems  not  to  take  place,  owing  to  a  want  of  the 
substances  producing  tibrin  ;  hence,  in  these  cases,  wounds  of  vessels  are  not  plugged  with 
librin.  [A  tendency  to  luemorrhage  occurs  in  scurvy,  purpura,  in  some  infectious  diseases, 
such  as  typhus,  })lague,  yellow  fever,  and  in  poisoning  with  jihosphorus. ] 

Injection  of  Peptones. — Albertoui  observed  that  if  tryptic  pancreas  ferment  (dissolved  in 
glycerine)  be  injected  into  the  blood  of  an  animal,  the  blood  does  not  coagulate.  Schuiidt- 
iMiilheim  found  that  after  the  injection  of  pure  iK-ptoiic  into  the  blood  (0'5  gram  ]ier  kilo.)  of  a 
dog,  the  blood  lost  its  power  of  coagulating.  [This  occurs  in  the  dog,  but  not  in  the  rabbit. 
I'ept-onised  blood  coagulates  when  it  is  treated  with  CO.^  or  water.  It  appears,  however,  that 
it  is  not  the  jieiitone  which  prevents  the  coagulation,  but  the  albumoses  adhering  to  it  which 
<lo  so.]  A  substance  is  Ibrmed  in  the  plasma,  whicli  prevents  coagulation,  but  which  is  jire- 
cipitated  by  (10.,.  Lymph  behaves  similarly  (Faitu).  After  peptones  are  injected,  there  is  a 
great  solution  of  leucocj'tes  in  the  blood  {v.  Samson-Himiachljcrna).  Tlie  secretion  of  the 
mouth  of  the  medicinal  leech,  [altliough  its  action  is  not  due  to  a  ferment  IHayeraff)],  and 
«nake  poison  also  prevent  coagulation  ( JFall).  [Diastatic  ferment  also  i)revents  coagulation 
(Salvioli).] 

III.  Coagulation  is  accelerated — (a)  By  contact  with  foreign  Substances 
•of  all  kinds,  but  only  when  the  blood  adheres  to  them,  hence,  threads  or  needles 
introduced  into  arteries  are  ra^iidly  covered  with  fibrin.  Blood  does  not  coagulate 
in  contact  with  bodies  covered  with  fat  or  vaseline  (Freund).  Even  the  introduction 
•i)f  air-bubbles  into  the  circulation  or  the  passage  of  indifferent  gases,  N  or  H, 
through  blood,  accelerates  it.  The  pathologically  altered  wall  of  a  vessel  acts  like 
u  foreign  body.  Blood  shed  from  an  artery  rapidly  coagulates  on  the  walls  of 
vessels,  on  the  surfaces  exposed  freely  to  air,  and  on  the  rods  or  twigs  used  to  beat  it. 

(b)  The  products  of  the  retrogressive  metabolism  of  proteids  (uric  acid,  glycin, 
leucin,  taurin,  kreatin,  sarkin,  but  not  urea)  favour  coagulation  by  increased 
ferment  formation  ;  but  if  they  are  added  in  excess,  they  retard  the  process. 

From  a  watery  extract  of  the  testis  or  thymus,  on  the  addition  of  acetic  acid,  is  precipitated  a 
substance  which  is  soluble  in  sodic  carbonate.  It  is  a  mixture  of  lecithin  and  albumin,  and 
when  it  is  injected  into  the  blood-stream  it  causes  almost  instantaneous  death  by  intravascular 
■coagulation  (  TFooIdruh/c). 

(c)  During  rapid  haemorrhage,  the  last  portions  of  blood  coagulate  most  rapidly 
( Uolzmann). 

(d)  Heating  the  blood  from  39°  to  55°  C.  {Hewso7i). 

(e)  Agitation  of  the  blood  {IlewHoii  and  Hunter). 
[(/)  The  additioii  of  a  small  quantity  of  water. 

{ci)  A  watery  condition  of  the  blood.    The  clot  is  small  and  soft. 
(It)  Contact  with  oxygen.] 

IV.  Rapidity  of  Coagulation.— Amongst  vertebrates,  the  blood  of  birds 
(especially  of  the  pigeon)  coagulates  almost  momentarily  ;  in  cold-blooded  animals 
<;oagulation  occurs  much  more  slowly,  while  mammals  stand  midway  between  the 
two. 

[The  blood  of  a  fowl  begins  to  coagulate  in  \  to  \\  minute;  pig,  sheep,  rabbit,  in  \  to  \l 
minute  ;  dog,  1  to  3  minutes  ;  horse  and  ox,  5  to  13  minutes  ;  man,  3  to  4  minutes  ;  solidifica'^ 
tiou  is  completed  in  9  to  11  minutes  (iVfwsc).]  The  blood  of  invertebrates,  which  is  usually 
■colourless  when  it  is  oxidised  (§  32),  forms  a  soft  whitish  clot  of  fibrin.  Even  in  lympli  and 
■chyle,  a  small  soft  clot  is  formed. 

V.  When  coagulation  occurs,  the  aggregate  condition  of  the  fibrin-factors  is 
altered,  so  that  heat  must  be  set  free  {Valentin^  1844). 
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VI.  In  blood  shed  from  an  artery,  the  degree  of  alkalinity  diminishes  from  the 
time  of  its  being  shed  until  coagulation  is  completed  {Pjiiiger  and  Ztmtz).  This  is 
probably  due  to  a  decomposition  in  the  blood,  whereby  an  acid  is  developed,  which 
diminishes  the  alkalinity  (p.  1). 

VII.  During  coagulation  there  is  a  diminution  of  the  0  in  the  blood,  although 
a  similar  decrease  also  occurs  in  non-coagulated  blood.  Traces  of  ammonia  are  also 
given  off,  which  Richardson  erroneously  supposed  to  be  the  cause  of  the  coagulation 
of  the  blood. 

[This  is  refuted— (1)  by  the  fact  that  blood,  when  collected  under  mercury  (whereby  no  escape 
of  ammonia  is  possible),  also  coagulates  ;  and  (2)  by  the  following  experiment  of  Lister ; — He 
■j)laced  two  ligatures  on  a  vein  containing  blood,  moistening  oue-half  of  the  outer  surface  of  the 
vein  with  ammonia,  leaving  the  other  half  intact.  The  blood  coagulated  in  the  first  lialf,  and 
not  in  the  other,  owing  to  the  properties  of  the  wall  of  the  vein  of  the  former  being  altered. 
Neither  the  decrease  of  0  nor  the  evolution  of  ammonia  seems  to  have  any  causal  connection 
■with  the  formation  of  fibrin.] 

Pathological. — "When  the  blood  coagulates  within  the  vessels  during  life,  the  process  is  called 
thrombosis,  and  the  coagulum  or  plug  so  formed  is  termed  a  thrombiis.  AVhen  a  clot  of  blood 
or  other  body  is  carried  by  the  blood-stream  to  another  part  of  the  vascular  system  where  it 
blocks  up  a  vessel,  the  plug  is  called  an  embolus,  and  the  result  embolism. 

29.  CAUSE  OF  THE  COAGULATION  OF  BLOOD.— [Hewson's  Experiments  (1772.)— Hew- 
son  tied  the  jugular  vein  of  a  horse  between  two  ligatures,  removed  it,  and  then  suspended  it  by 
one  end  (fig.  21).  He  found  that  the  blood  remained  llaid  for  a  long  time 
(48  hours),  the  red  corpuscles  sank  (RC)  and  left  a  clear  layer  of  plasma 
on  the  surface  (P).  On  drawing  off  some  of  this  clear  plasma  it  coagulated, 
thus  proving  coagulation  to  be  due  to  changes  in  the  plasma.  Lister 
repeated  this  experiment,  and  found  that,  even  if  the  upper  end  of  the 
tube  be  opened  and  the  blood  freely  exposed  to  the  air,  coagulation  is  but 
slightly  hastened.  He  showed  that  the  blood  nuglit  be  poured  from  one 
vein  into  another,  just  as  one  might  pour  fluid  from  one  test-tul)e  into 
another.  In  this  case  there  were  two  test-tubes,  i.e.,  the  veins — and 
although  the  blood,  on  being  poured  from  the  one  to  the  other,  came  into 
contact  with  the  air,  it  did  not  coagulate.  Hewson,  however,  found  that 
blood  poured  from  the  vein  into  a  glass  vessel  coagulated,  so  that,  in  his 
opinion,  the  blood-vessels  exerted  a  restraining  influence  on  coagulation. 
Y>y  cooling  the  blood  and  preventing  it  from  coagulating,  he  proved  that 
coagulation  was  not  due  to  the  loss  of  heat.  Nor  could  it  be  a  vital  act, 
as  sodic  sulphate  or  other  neutral  salt  j)revented  coagulation  indefinitely, 
but  coagulation  took  place  when  the  blood  was  diluted  with  water.]  Fig.  21. 

[Buchanan's  Researches. — The  serous  sacs  of  the  body  contain  a  fluid  Vein  of  horse  tied 
which  in  some  respects  closely  resembles  lymph.  The  pericardial  fluid  of  between  two  lica- 
some  animals  coagulates  spontaneously  {e.g.,  in  the  rabbit,  ox,  horse,  and  tures.  P,  plasnia  ; 
sheep)  if  the  fluid  be  removed  iinmediatcUj  after  death.  If  this  be  not  "WC,  white,  and' 
done  till  .several  hours  after  death,  the  fluid  does  not  coagulate  spontane-  rej  cor- 

ously.    The  fluid  of  the  tunica  vaginalis  of  the  testis  sometimes  accumu-  puscles. 
lates  to  a  great  extent,  and  constitutes  hydrocele,  but  this  fluid  shows  no 

tendency  to  coagulate  sjiontaneously.  Andrew  Buchanan  found,  however,  that  if  to  the  fluid  of 
ascites,  pleuritic  fluid,  or  hydrocele  fluid,  there  be  added  clear  blood-serum,  then  coagulation 
takes  place,  i.e.,  two  fluids — neither  of  which  shows  any  tendency  by  itself  to  coagulate — form  a 
clot  when  they  are  mixed  (1831).  He  also  found,  that  if  "washed  blood-clot"  (which  consists 
of  a  mixture  of  fibrin  and  colourless  corpuscles)  be  added  to  hydrocele  fluid,  coagulation  occurred. 
He  compared  the  action  of  washed  blood-clot  to  tlie  action  of  rennet  in  coagulating  milk,  and 
he  imagined  the  agents  which  determined  the  coagulation  to  be  colourless  cor2}uscles.  Thus,  the 
buffy  coat  of  horses'  blood  is  a  powerful  agent,  and  it  contains  numerous  colourless  corpuscles. 
He  finally  concluded  that  some  constituent  in  the  plasma,  to  which  he  gave  the  name'  of  a 
"soluble  fibrin,"  is  acted  upon  by  the  colourless  corpuscles  and  converted  into  fibrin.  The 
soluble  fibrin  of  Buchanan  is  comparable  to  the  fibrinogen  in  Hanimarsteu's  theory.  Buclianan, 
however,  did  not  .separate  the  substance.] 

[Denis's  Plasmine  (1859). — Denis  mixed  uncoagulated  blood  with  a  s.aturated  solution  of 
.sodic  sulphate,  aud  allowed  the  corj)uscles  to  subside.  The  salted  plasma  thus  obtained  he  pre- 
cipitated with  sodic  chloride.  The  precii)itate,  when  washed  with  a  saturated  solution  of  sodic 
chloride,  he  called  plasmine.  If  plasmine  be  mixed  with  water,  it  coagul{ites  spontaneously, 
resulting  in  the  formation  of  fibrin,  while  another  proteid  remains  in  solution.  According  to 
tlie  view  of  Denis,  fibrin  is  produced  by  tlic  splitting  up  of  plasmine  into  two  bodies— fibrin 
and  a  soluble  proteid.] 
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[A.  Schmidt's  Eesearches  (1861).— This  observer  rediscovereil  the  cliief  facts  aheaily  known 
to  Buchanan,  viz.,  that  some  Huids  which  do  not  coagulate  siiontaneously,  clot  when  mixed 
with  other  fluids  which  show  no  tendency  to  coagulate  spontaneously,  c.cj.,  hydrocele  lluid  and 
blood-serum.  He  isolated  Ironi  these  fluids  the  bodies  described  as  hbrinogeu  and  fibrino- 
plaslin.  The  bodies  so  obtained  were  not  pure,  but  Schmidt  sujjposed  that  the  formation  of 
librin  was  due  to  the  interaction  of  these  two  proteids.  The  reason  hydrocele  lluid  does  not 
coao-ulate,  he  says,  is  that  it  contains  fibrinogen  and  no  fibrino-plastin,  while  blood-serum  con- 
tains the  latter,  but  not  the  former.  Schmidt  afterwards  discovered  that  these  two  substances 
may  be  present  in  a  fluid,  and  yet  coagulation  may  not  occur  {e.g.,  occasionall}-  in  hydrocele 
fluiil).  He  su]'posed,  therefore,  that  blood  or  blood-serum  contained  some  other  constituent 
necessary  for  coagulation.  This  lie  afterwards  isolated  in  an  ini[)ure  condition  and  called 
fibrin-fcrment.'\ 

A.  Schmidt's  theory  is  that  fibrin  i.s  formed  by  the  coming  together  of  ttio 
proieid  siibstancL's  wliicli  occur  di.ssolved  in  the  plasma,  viz.: — (1)  fibrinogei?; 
i.e.,  the  substance  which  yields  the  chief  mass  of  the  librin,  and  (2)  fibrino-plastic 
substance  or  fibrino-plastin  (serum-globulin  or  paraglobulin,  §  32).  In  order  to 
determine  the  coagulation  a  fernient  seems  to  be  necessary,  and  this  is  supplied  hy 
(3)  the  fibrin-ferment. 

1.  Properties.— Fibrinogen  and  fibrino-plastin  belong  to  the  group  of  proteid.s 
called  globulins,  i.e.,  they  are  insoluble  in  pure  water,  but  are  soluble  in  dilute 
solutions  of  common  salt  (§  249),  and  are  not  distinguished  from  each  other  by  well- 
marked  chemical  characters.    Still  they  differ  as  follows  : — 

Fibrino-plastin  is  more  easily  precipitated  from  its  solutions  than  fibrinogen. 
It  is  more  readily  redissolved  when  once  it  is  precipitated.  It  forms  when  pre- 
cipitated a  very  light  granular  [)Owder. 

Fibrinogen  adheres  as  a  sticky  deposit  to  the  side  of  the  vessel.  It  coagulates 
at  56°  C. 

On  account  of  their  great  similarity,  both  substances  are  not  usually  prepared 
from  blood-plasma.  Fibrinogen  is  prepared  from  serous  transudations  (pericardial, 
abdominal,  or  pleuritic  fiuid,  or  the  fluid  of  hydrocele),  which  contain  no  fibrino- 
plastin.  Fil>rino-plasti?i  is  most  readily  prepared  from  serum,  in  which  there  is  still 
plenty  of  fibrino-plastin,  but  no  fibrinogen. 

2.  Preparation  of  Fibrino-plastin,  Serum-globulin,  or  Paraglobulin. — («) 
Dilute  blood-serum  with  twelve  times  its  volume  of  ice-cold  water,  and  almost 
neutralise  it  with  acetic  acid  [add  4  drops  of  a  25  per  cent,  solution  of  acetic  acid 
to  every  120  c.c.  of  diluted  serum]  ;  or  (b)  pass  a  stream  of  carbon  dioxide  through 
the  diluted  serum,  which  soon  becomes  turbid  ;  after  a  time  a  fine  white  powder, 
copious  and  granular,  is  precipitated. 

[(c)  Method  of  Hammarsten.— All  the  fibrino-plastin  in  serum  is  not  precipitated 
either  by  adding  acetic  acid  or  by  CO.,.  Hammarsten  found,  however,  that  if 
crystals  of  magnesium  sulphate  be  added  to  complete  saturation,  it  precipitates  the 
whole  of  the  serum-globulin,  but  does  not  precipitate  serum-albumin;  serum-globulin 
is  more  abundant  than  seruin-albumin  in  the  serum  of  the  ox  and  horse,  while 
in  man  and  the  rabbit  the  reverse  obtains  ;  (compare  §  32).] 

Schmidt  found  that  100  c.c.  of  the  serum  of  ox  blood  yielded  07  to  0-8  grni.  ;  horse's 
serum,  0-3  to  0-56  grm.  of  dry  fibrino-plastin.  Fibrino-plastin  occurs  not  only  in  serum,  but 
also  in  red  blood-corpuscles,  in  the  fiuitls  of  connecti)-e-tissue,  and  in  the  juices  of  the  cornea. 

3.  Preparation  of  Fibrinogen.— This  is  best  prepared  from  hydrocele  fluid, 

although  it  may  also  be  obtained  from  the  fluids  of  serous  cavities,  e.g.,  the  pleura, 
pericardium,  or  peritoneum.  It  does  not  exist  in  blood-serum,  although  it  does 
exist  in  blood-plasma,  lymph,  and  chyle,  from  which  it  may  be  obtained  by  a 
stream  of  CO^,  after  the  paraglobulin  is  precipitated,  (a)  Dilute  hydrocele  fiuid 
with  ten  to  fifteen  times  its  volume  of  water,  and  pass  a  stream  of  CO^  through  it 
for  a  long  time,  (b)  Add  powdered  common  salt  to  saturation  to  a  serous  trans- 
udation, when  a  sticky  glutinous  (not  very  abundant)  precipitate  of  fibrinogen  is> 
obtained. 
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[Hammarsteu  and  EicliwaUl  find  that,  although  paraglobuliu  and  tibi  iuogeii  are  soluble  in 
solutions  of  common  salt  (containing  5  to  8  per  cent,  of  the  salt),  a  saliiie  solution  of  12  to  16 
per  cent,  is  required  to  precipitate  the  fibrinogen,  leaving  still  in  solution  paraglobuliu, 
which  is  not  precipitated  until  the  amount  of  salt  exceeds  20  per  cent.] 

Properties  of  the  Fibrin-Factors.— They  are  insokible  in  pure  water,  but 
dissolve  in  water  containing  O  in  solution.  Both  are  soluble  in  very  dilute  alkalies, 
e.(j.,  caustic  soda,  and  are  precipitated  from  this  solution  by  CO^.  They  are  soluble 
in  dilute  common  salt — like  all  globulins — but  if  a  certain  amount  of  common 
salt  be  added  in  excess,  they  are  precipitated.  Very  dilute  hydrochloric  acid 
dissolves  them,  but  after  several  hours  they  become  changed  into  a  body  resembling 
syntouin  or  acid-albumin  (§  249,  III.).  Fibrinogen  held  in  solution  by  common 
salt  coagulates  at  52°  to  55°  C.  [Fred^ricq  finds  that  fibrinogen  exists  as  stick  in 
the  plasma  ;  it  coagulates  at  56°  C,  and  the  plasma  thereafter  is  uncoagulable.] 

4.  Preparation  of  the  Fibrin-Ferment— (o)  Mix  blood-serum  (ox)  with  twenty 
times  its  volume  of  strong  alcohol,  and  after  one  month  filter  off  the  deposit 
thereby  produced.  The  deposit  on  the  filter  consists  of  coagulated  insoluble 
albumin  and  the  ferment ;  dry  it  carefully  over  sulphuric  acid,  and  reduce  to  a 
powder.  Triturate  1  gram  of  the  powder  with  65  c.c.  of  water  for  ten 
minutes,  and  filter.  The  ferment  is  dissolved  by  the  water,  and  passes  through 
the  filter,  while  the  coagulated  albumin  remains  behind  {Schmidt). 

{{h)  Gamgee's  Method. —Buchanan's  ' '  washed  blood-clot  "  (p.  33)  is  digested  in  an  8  per  cent, 
solution  of  comniou  salt.  The  solution  so  obtained  possesses  in  an  intense  degree  the  properties 
of  Schmidt's  fibrin-ferment.] 

In  the  preparation  of  fibrino-plastin,  the  ferment  is  carried  down  with  it  mechanically.  The 
ferment  seems  to  be  formed  first  in  fluids  outside  the  body,  very  probably  by  the  solution  of 
the  colourless  corpuscles.  JMore  ferment  is  formed  in  the  blood  the  longer  the  interval  between 
its  being  shed  and  its  coagulation.  It  is  destroyed  at  70°  C.  Blood  flowing  directly  from  an 
artery  into  alcohol  contains  no  ferment  It  is  also  formed  in  other  protoplasmic  parts 
(Jlauschcnbach),  e.g.,  in  dead  muscle,  brain,  suprarenal  capsule,  spermatozoa,  testicle  {Foa  and 
Pcllacani),  ami  in  vegetable  micro-organisms  {e.g.,  yeast]  and  piotozoa  {Grohman/i),  [so  that  it 
would  seem  to  be  a  general  product  of  protoplasm.  As  the  ferment  does  not  pre-exist  in 
colourless  blood-corpuscles,  it  seems  to  be  formed  from  some  mother-substance  in  them,  the 
blood-plasma  itself  decomposing  this  substance]. 

Coagulation  Experiments. — According  to  A.  Schmidt,  if  pure  solutions  of  (1) 
fibrinogen,  (2)  fibrino-plastin,  and  (3)  fibrin-ferment  be  mixed,  fibrin  is  formed. 
The  process  goes  on  best  at  the  temperature  of  the  body  ;  it  is  delayed  at  0°  ;  and 
the  ferment  is  destroyed  at  the  boiling-point.  The  presence  of  O  seems  necessary 
for  coagulation.  The  amount  of  the  ferment  appears  to  be  immaterial ;  large 
quantities  produce  more  rapid  coagulation,  but  the  amount  of  fibrin  formed  is  not 
greater. 

[Foa  and  Pellacani  find  that  a  filtered  watery  extract  of  fresh  brain,  cajisule  of  the  kidneys, 
testes,  and  some  other  tissues,  when  injected  into  the  blood-vessels  of  a  rabbit,  causes 
coagulation  of  the  blood  in  the  pulmonary  circulation  and  the  heart,  death  being  caused  by  the 
action  of  a  substance  identical  with  the  fibrin-ferment.] 

The  amount  of  salts  present  has  a  remarkable  relation  to  coagulation.  Solutions 
of  the  fibrin-factors  deprived  of  salts,  and  redissolved  in  very  dilute  caustic  soda, 
when  mixed,  do  not  coagulate  until  sufficient  NaCl  be  added  to  make  a  1  per  cent, 
solution  of  this  salt  (Schmidt).  [Green  finds  that  calcium  sulphate  brings  about 
coagulation  in  plasma  which  shows  little  or  no  tendency  to  clot,  while  coagulation 
in  its  absence  is  almost  or  quite  prevented.] 

When  blood  or  blood-plasma  coagulates,  all  the  fibrinogen  is  used  up,  so  that  the 
serum  contains  only  fibrino-plastin  and  fibrin-ferment ;  hence,  the  addition  of 
hydrocele  fluid  (which  contains  fibrinogen)  to  serum  causes  coagulation. 

[Hammarsten's  Theory. — Hammarsten's  researches  led  him  to  believe  that 
fibrino-plastin  is  quite  unnecessary  for  coagulation.  According  to  him,  fibrin  is 
formed  from  one  body,  viz.,  fibrinogen,  which  is  present  in  plasma  when  it  is  acted 
upou  by  the  fibrin-ferment ;  the  latter,  however,  has  not  been  obtained  in  a  pure 
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.state.  Neither  he  nor  Schmidt  asserts  that  this  body  is  of  the  nature  of  a  ferment, 
although  they  use  the  term  for  convenience.  It  is  quite  certain  that  fibrin  may  be 
formed  when  no  fibrino-plastin  is  present,  coagulation  being  caused  by  the  addition 
of  calcic  chloride  or  casein  prepared  in  a  special  way.  But,  whether  one  or  tioo 
proteids  be  required,  in  all  cases  it  is  clear  that  a  certain  quantity  of  salts, 
especially  of  NaCl,  is  necessary.] 

[The  main  drift  of  the  foregoing  evidence  points  to  the  presence  of  one  proteid 
—fihrhuxjcn — in  the  plasma,  which  under  certain  circumstances  yields  fibrin.  In 
shed  blood  this  act  seems  to  be  determined  by  a  ferment,  perhaps  derived  from  the 
disintegration  of  colourless  corpuscles.] 

[Theory  of  Wooldridge. — Wooldridge  attributes  great  importance  to  lecithin.  In  shed 
blood  the  coagulation  is  brought  about  by  the  interaction  of  the  plasma  and  the  colourless 
corpuscles.  If  lecithin  (which  is  present  in  considerable  amount  in  the  colourless  corpuscles) 
diffuses  into  the  blood,  coagulation  takes  place.  "When  peptone  is  injected  into  the  blood  of 
the  dog,  the  blood  does  not  clot ;  this  is  due,  according  to  Wooldridge,  to  the  peptone 
"  preventing  the  interaction  of  leucocytes  and  plasma."  If,  however,  the  corpuscular  elements 
are  removed  by  the  centrifugal  machine,  the  peptone-plasma  can  be  made  to  clot.  He  also 
believes  that  tibrin-ferment  does  not  pre-exist  in  normal  plasma,  but  that  "  it  may  make  its 
appearance  in  that  plasma  in  the  absence  of  all  cellular  elements,  and  must  therefore  come 
from  some  constituent  or  constituents  of  the  plasma  itself."] 

30.  SOURCE  OF  THE  FIBRIN-FACTORS.— Al.  Schmidt  maintains  that  all 
the  three  substances  out  of  which  fibrin  is  said  to  be  formed,  arise  from  the  break- 
ing up  of  colourless  blood-corpuscles.  In  the  blood  of  man  and  mammals,  fibrinogen 
exists  dissolved  in  the  circulating  blood  as  a  dissolution-product  of  the  retrogressive 
changes  of  the  white  cor])uscles.  Plasma  contains  dissolved  fibrinogen  and  serum- 
albumin.  The  circulating  blood  is  very  rich  in  colourless  blood-corpuscles,  much 
richer,  indeed,  than  was  formerly  supposed.  As  soon  as  blood  is  shed  from  an 
artery,  enormous  numbers  of  the  colourless  corpuscles  are  dissolved — according  to 
Al.  Schmidt  71  "7  per  cent,  (horse).  First  the  body  of  the  cell  disappears,  and 
then  the  nucleus.  The  products  of  their  dissolution  are  dissolved  in  the  plasma, 
and  one  of  these  products  is  fibrino-plastin.  At  the  same  time  the  fibrin-ferment 
is  also  produced,  so  that  it  would  seem  not  to  exist  in  the  intact  blood-corpuscles. 
Fibrino-plastin  and  fibrin-ferment  are  also  produced  by  the  transition  forms"  of 
blood-corpuscles,  i.e.,  those  forms  which  are  intermediate  between  the  red  and  the 
white  corpuscles.  They  seem  to  break  up  immediately  after  blood  is  shed.  The 
hlood-plates  (p.  16)  are  also  probably  sources  of  these  substances. 

In  amphibians  and  birds  the  red  nucleated  corpuscles  rapidly  break  up  after  blood  is  shed, 
and  yield  the  substance  or  substances  which  form  fibrin.  Al.  Schmidt  convinced  himself  that 
in  these  animals  fibrinogen  is  originally  a  constituent  of  tne  blood-corpuscles. 

It  is  clear,  therefore,  according  to  Schmidt's  view,  that  as  soon  as  the  blood- 
corpuscles,  white  or  red,  are  dissolved,  the  fibrin-factors  pass  into  solution,  and  the 
formation  of  fibrin  by  the  interaction  of  the  three  substances  will  ensue. 

If  a  large  number  of  leucocytes  be  introduced  into  the  circulation  of  an  animal, 
the  leucocytes  ai'e  dissolved  in  great  numbers  in  the  blood,  so  that  death  takes 
place  by  diffuse  coagulation.  Should  the  animal  survive  the  immediate  danger  of 
death,  the  blood,  owing  to  the  want  of  leucocytes,  is  completely  incapable  of 
coagulating  (Groth). 

[And.  Buchanan  thought  that  the  potential  element  of  his  "washed  blood-clot"  resided  in 
the  colourless  corjuiscles,  "primary  cells  or  vesicles."  He,  like  Schmidt,  found  that  the 
buffy  coat  of  horses'  blood,  which  is  very  ricli  in  white  corpuscles,  produced  coagulation  rapidly. 
Buchanan  compared  the  action  of  his  washed  clot  to  that  of  rennet  in  coagulating  milk.] 

Pathological.  — Al.  Schmidt  and  his  pujnls  have  shown  that  some  ferment,  probably  derived 
from  the  dissolution  of  colourless  corpuscles,  is  found  in  circulating  blood,  and  that  it  is  more 
abundant  in  venous  than  in  arterial  blood,  M'hile  it  is  most  abundant  in  shed  blood.  It  is 
specially  remarkable  that  in  sejytic  fever  the  amount  of  ferment  in  blood  may  increase  to  such 
an  extent  as  to  permit  the  occurrence  of  spontaneous  coagulation  (thrombosis),  which  may  even 
j.roduce  death  {Am.  Kohlcr).    In  febrile  cases  generally,  the  amount  of  ferment  is  somewhat 
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luoi-o  abundant  {Edclberg  and  Birk).  After  tlie  injection  of  ichor  into  the  blood  an  enormous 
number  of  colourless  corpuscles  are  dissolved  (F.  Hoffmann).  The  injection  of  peptone,  Hb, 
and  to  a  less  degree  of  distilled  water,  is  followed  by  dissolution  of  nimierous  leucocytes. 

There  are  changes  in  the  blood,  constituting  true  blood  diseases,  in  which  the  physiological 
metabolism  of  the  colourless  corpuscles  is  enormously  increased,  so  that  the  metabolic  products 
accumulate  in  the  blood  {Alc.r.  Schmidt).  The  result  of  this  is  sjiontaneous  coagulation  within 
the  circulatory  system,  and  death  even  may  occur ;  there  is  always  an  increase  of  tempera- 
ture.   After  such  a  condition,  the  coagulabiUty  of  the  blood  is  dindnished. 

31.  Formation  of  Fibrin.— After  several  observers  had  shown  that  the  red  blood-corpuscles 
(bird,  horse,  frog)  participate  in  the  production  of  fibrin.  Landois  observed,  in  1874,  under  the 
microscope  that  the  stromata  of  the  red  blood-corpuscle's  of  mammals  passeil  into  fibrin.  If  a 
drop  of  ilefibiinated  rabbit's  blood  be  placed  in  serum  of  frog's  blood,  without  mixing  them,  the 
red  corpuscles  can  be  seen  collecting  together  ;  their  surfaces  are  sticky,  and  they  can  only  be 
separated  by  a  certain  pressure  on  the  cover-glass,  wiiereby  some  of  the  now  spherical  corpuscles 
are  drawn  out  into  threads.  The  corpuscles  soon  become  spherical,  and  those  at  the  margin 
allow  the  hiumoglobin  to  escape,  the  decolorisation  progress(;s,  from  the  margin  inwards,  until 
at  last  there  remain  masses  of  stroma  adhering  together.  The  stroma-substauce  is  very  sticky, 
but  soon  the  cell-contours  disappear,  ami  the  stronuita  adhere  and  form  fine  fibres.  Thus 
(according  to  Landois)  the  formation  of  fibrin  from  red  blood-corpuscles  can  be  traced  stej) 
by_  step.  The  red  corpuscles  of  man  and  animals,  when  dissolved  in  the  serum  of  other 
animals,  show  much  the  same  phenomena. 

Stroma-Fibrin  and  Plasma-Fibrin. — Landois  calls  fibrin  formed  direct  from  stroma,  stroma- 
fibrin  ;  fibrin  formed  in  the  usual  way  plasma-fibrin.  The  stroma-fibrin  is  closely  related 
chemically  to  stroma  itself;  as  yet,  however,  the  two  kintls  of  fibrin  have  not  been  sharply  dis- 
tinguished chemically.  Substances  which  rapidly  dissolve  red  corpuscles  cause  extensive  coagul- 
ation, c.fj.,  injection  of  bile  or  bile  salts,  or  lake-coloured  blood,  into  arteries.  After  the 
injection  of  foreign  blood  the  newly-injected  blood  often  breaks  up  in  the  blood-vessels  of  the 
recipient,  while  the  liner  vessels  are  frequently  fouiul  plugged  with  small  thrombi  (§  102). 

Coagulable  Fluids. — With  regard  to  coagulability,  fluids  containing  proteids 
may  be  classified  thus  : — 

(1)  Those  that  coagulate  s2)ontaneously,  i.e.,  blood,  lymph,  chyle. 

(2)  Those  capable  of  coagulating,  e.g.,  fluids  secreted  pathologically  in  serous  cavities  ;  for 
example,  hydrocele  fluid,  which,  as  usually  containing  fibrinogen  only,  does  not  coagulate 
spontaneousl)%  but  it  coagulates  on  the  addition  of  fibrino-plastin  and  ferment  (or  of  blood- 
serum  in  which  both  occur). 

(3)  Those  which  do  not  coagulate,  e.g.,  milk  or  seminal  fluid,  which  do  not  seem  to  contain 
fibrinogen. 

32.  CHEMICAL  COMPOSITION  OF  PLASMA  AND  SERUM.— I.  Proteids 

occur  to  the  amount  of  8  to  10  per  cent,  in  the  plasma.  Only  0  2  per  cent,  of 
these  go  to  form  fibrin.  After  the  formation  of  the  fibrin  the  plasma  is  converted 
into  serum.  The  sp.  gr.  of  human  serum  is  1027  to  1029.  It  contains  several 
proteids.  [According  to  Hammarsten,  human  serum  contains  9*207  per  cent,  of 
solids, — of  these,  3"103  =  serum-globulin,  and  4'516  =  serum-albumin,  i.e.,  in  the  ratio 
of  1  :  1*51 1.  In  horse-serum  the  proportion  is  4*5  :  2*6,  in  ox-serum  4*16  :  3-29, 
and  rabbit-serum  6'22  :  r78.  The  total  amount  of  proteids  in  blood  seems  to  be 
much  more  constant  than  are  the  relative  proportions  of  serum-albumin  and  serum- 
globulin  {Salvioli).'\ 

(a)  Serum-globulin  or  Paraglobulin  (2  to  4  per  cent.).  If  crystals  of 
magnesium  sulphate  be  added  to  saturation  to  serum  at  35°  C,  serum-globulin  is 
precipitated,  but  not  serum-albumin.  It  is  soluble  in  10  per  cent,  solution  of 
common  salt,  and  coagulates  at  69-75°  C.  Its  specific  rotatory  power  is  -  47*8" 
(Fredericq). 

[Serum-globulin  was  described  by  Panum  under  the  name  of  "scrum-casein";  by  Al. 
Schmidt,  as  "  fibrino-plastic  substance  "  ;  and  by  Iviihne,  as  "  paraglobulin."]  During  hunger 
the  globulin  increases  and  the  albumin  diminishes. 

(b)  Serum-albumin  (3-4  per  cent.).  Its  solutions  begin  to  be  turbid  at  60"  C, 
and  coagulation  occurs  at  73°  C,  the  fluid  becoming  slightly  more  alkaline  at  the 
same  time.  If  sodium  chloride  be  cautiously  added  to  serum,  the  coagulating 
temperature  may  be  lowered  to  50°  C.    Its  specific  rotatory  power  is  from -62-6 
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to  64-5°  (Sta7'le).  It  is  changed  into  syntonin  or  acid-albumin  by  the  action  of 
dilute  HCl,  and  by  dilute  alkalies  into  alkali-albuminate. 

Serum-albuniiu  is  absent  from  the  blood  of  starving  snakes ;  and  reappears  after  they  arc 

fed  {Tiecjd).  ,      ,  , 

[Serum-Albumin  v.  Egg- Albumin. — Although  serum-albumin  is  closely  related  to  egg- 
albumin  they  dilfer — («)  as  regards  their  action  upon  polarised  light ;  {h)  tlie  precipitate  pro- 
duced by  adding  HCl  or  HNO3  is  readily  soluble  in  4  c.c.  of  the  reagent  in  the  case  of  serum- 
albumin,  wlule  the  precipitate  in  cgg-albumiii  is  dissolved  with  very  great  difficulty  ;  (c)  egg- 
albumin,  injected  into  the  veins,  is  excreted  in  the  urine  as  a  foreign  body,  while  scrum-albumin 
is  not ;  [d)  serum-albumin  is  not  coagulated  by  ether,  Avliile  egg-albumin  is,  if  the  solution  is 
not  alkaline  (§  249).  Serum-albumin  has  never  been  obtained  free  from  salts,  even  when  it  is 
dialysed  for  a  very  long  time.] 

After  all  the  serum-globulin  in  serum  is  precipitated  by  magnesium  sulphate,  serum-albumin 
still  remains  in  solution.  If  this  solution  be  heated  to  40  or  50°  C.  a  copious  precipitate  of 
non-coagulated  serum-albumin  is  obtained,  which  is  soluble  in  water.  If  the  serum-albumin  be 
filtered  from  the  fluid,  and  if  the  clear  fluid  be  heated  to  over  60°  C. ,  Frederick  found  that  it 
becomes  turbid  from  the  precipitation  of  other  proteids  ;  the  amount  of  these  other  bodies, 
however,  is  small. 

[Proteids  of  the  Serum. — Halliburton  has  shown  by  the  method  of  "  fractional 
heat-coagulation"  (^.e.,  ascertaining  the  temperature  at  which  a  proteid  is 
roagulated,  filtering  the  fluid  and  again  heating  the  filtrate  to  a  higher  temperature), 
that  from  the  same  fluid  perhaps  two  or  more  proteids,  all  with  different  tempera- 
tures of  coagulation,  may  be  obtained.  Care  must  be  taken  to  keep  the  reaction 
constant.  He  finds  that  serum-globulin  coagulates  at  75°  C,  while  serum-albumin 
in  reality  consists  of  three  proteids,  which  coagulate  at  different  temperatures  ;  (<z) 
at  73°,  {13)  at  77°,  and  (y)  at  84°  C] 

[Precipitation  by  Salts. — Sulphate  of  magnesia  not  only  precipitates  serum-globulin  but  also 
fil)rinogen.  The  fluid  must  be  shaken  for  several  hours  to  get  complete  saturation.  Sodic 
sulphate,  Mhen  added  to  serum  deprived  of  its  globulin  by  MgSO^,  precipitates  serum-albumin, 
luit  it  produces  no  precipitate  with  pure  serum.  In  this  way  serum-albumin  may  be  obtained 
in  a  pure,  uncoagulated,  and  still  soluble  condition.  Serum-globulin  is  thrown  down  by  sodic 
nitrate,  acetate,  or  carbonate  ;  while  all  the  proteids  of  the  serum  are  precipitated  hy  potassic 
acetate  or  phosphate,  and  the  same  result  is  bronght  about  by  adding  two  salts,  e.g.,  MgSO^ 
and  Na.jSOj  (in  this  case  sodio-magnesic  sul])hate  is  formed) ;  MgS04  and  ISTai^O;, ;  JIgS04  and 
KI  ;  NaCl  and  Na^SOj.  After  serum-globulin  is  thrown  down  by  ]MgS04,  the  addition  of 
MgS04  ^^^fl  Na^S04  or  the  double-salt,  precipitates  the  serum-allnunin,  which  is  still  soluble  in 
water.  As  sulphate  of  ammonia  precipitates  all  the  proteids  except  peptones,  it  may  be  used 
(Hamhoion).] 

[The  plasma  of  Invertebrata  (decapod  crustaceans,  some  gasteropods,  cephalopods,  &c.)  clots 
like  vertebrate  blood,  and  contains  fibrinogen,  but,  in  addition,  there  is  found  in  it  a  substance 
corresponding  to  Inemoglobin,  and  called  by  Fredericq,  hsemocyanin.  It  exists  like  Hb  in  two 
conditions,  one  reduced  and  the  other  oxy-ha-mocyanin,  the  former  being  colourless,. the  latter 
blue.  In  its  general  characters  it  resembles  Hb,  although  it  contains  coiipcr  instead  of  iron, 
and  gives  no  absorption-bands  {Halliburton).  In  the  blood  of  some  decapod  crustaceans  there 
is  a  reddish  pigment,  tetronerythrin,  which  is  identical  with  that  in  the  exoskeleton  and 
hypodenn.  It  belongs  to  the  group  of  lipochroraes,  like  some  of  the  pigments  of  the  retina. 
The  hasmocyanin  is  respiratory  in  function,  and  it  is  remarkable  that  it  is  contained  in  the 
plasma,  and  not  in  the  formed  elements  like  the  Hb  of  vertebrates.  So  that,  stated  broadly, 
in  these  invertebrates  the  plasma  is  both  nutritive  and  respiratory  in  its  functions,  while  in 
vertebrates  the  red  corpuscles  chiefly  arc  rcs]iiratory  and  the  jdasma  nutritive.] 

II.  Fats  (0-1  to  0-2  per  cent.). — Neutral  fats  (tristearin,  tripalmitin,  triolein) 
occur  in  the  blood  in  the  form  of  small  microscopic  granules,  which,  after  a  meal 
]  ich  in  fat  (or  milk)  render  the  serum  quite  milky. 

[The  amount  of  fat  in  the  serum  of  fasting  animals  is  about  0'2  per  cent. ;  during  digestion 
0-4  to  0-6  per  cent;  and  in  dogs  fed  on  a  diet  rich  in  fat  it  may  be  1-25  per  cent.  Tliere  are 
also  minute  traces  oi  fatly  acids  (succinic).  Riihrig  showed  that  soluMc  soaps,  i.e.,  alkaline 
salt^  of  the  fatty  acids,  cannot  exist  in  the  blood.  Cholesterin  may  be  considered  alono-  with 
the  fats.  It  occurs  in  considerable  amount  in  nerve-tissues,  and,  like  fats,  is  extracted  by  ether 
from  the  dry  residue  of  blood-serum.  Hoppe-Seyler  found  0'019  to  0-314  per  cent,  in  the  serum 
of  the  blood  of  fattened  geese.  There  is  no  fat  in  the  red  blood-corjaiscles.  Lecithin  (its  de- 
composition-products, glycerin-phosphoric  acid  and  protagon)  occur  in  scrum  and  also  in  the 
blood-corpuscles.] 
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III.  Traces  of  Grape-Sugar  [0-1  to  0-15  per  cent,  (more  in  the  hepatic  vein, 
•0'23  per  cent.)]  derived  from  the  liver  and  muscles,  and  increased  after  hcvmorrhage 
<§  175);  some  glycogen,  and  another  reducing  fermentative  substance  also 
increased  by  luijmorrhage. 

Tlie  amount  of  grape-sugar  in  tlie  blood  increases  with  the  ahsorption  of  sugar  from  the 
intestine,  and  this  increase  is  most  obvious  in  tlie  blood  of  the  portal  and  hepatic  veins  ;  there 
is  also  a  slight  increase  in  the  arterial  blood,  but  there  it  is  rapidly  changed.  The  presence  of 
sugar  is  ascertained  by  coagulating  blood  by  boiling  it  with  sodium  sulphate,  pressing  out  the 
fluid  and  testing  it  for  sugar  with  Fehling's  solution  {Gl.  Bernard).  Pavy  coagulates  the  blood 
with  alcohol. 

IV.  Extractives. — Kreatin,  urea  (0-016  per  cent.,  increased  after  nitrogenous 
food),  succinic  acid,  and  uric  acid  (more  abundant  in  gouty  conditions),  guanin  (?), 
carbamic  acid,  sarcolactic  acid  ;  all  occur  in  very  small  amounts. 

Y.  Salts  (0"85  per  cent.),  especially  sodic  chloride  (0'5  per  cent.)  and  sodic 
carbonate.  [It  is  most  important  to  note  that  the  soda  salts  are  far  more  abundant 
in  the  serum  than  the  potassium  salts.  The  ratio  may  be  as  high  as  10  :  1.] 
Animal  diet  increases  the  amount  of  salts,  vegetable  food  diminishes  it  tempo- 
rarily. 

Salts  in  human  blood-serum  {Hoppc-Seyler). 

Sodic  Chloride,  .       .       4  92  per  1000  Sodic  Phosphate,      .       0-15  per  1000 

,,     Sulphate,        .       0-44        ,,  Calcic  Phosphate,      .     I  q.'-q 

,,     Carbonate,      .       0"21        ,,  Magnesic     ,,  .     \  " 

If  large  quantities  of  salts  are  introduced  into  the  blood,  they  almost  entirely  disappear  from 
the  blood-stream  within  a  few  minutes,  cliiefly  by  diffusion  into  the  tissues.  They  arc  gradually 
eliminated  by  the  kidneys.    The  same  is  true  of  sugar  and  peptones  [Luclwig  aiul  Klicowicz). 

VI.  Water  about  90  per  cent. 

VII.  A  yellow  pigment. 

The  pigment  may  be  extracted  with  methylic  alcohol.  It  shows  two  absorption-bands  of  a 
lipochrome  like  lutein  {Krv.kcnbcrg).  Thudichum  regards  the  pigment  of  the  serum  as  lutein  ; 
Maly,  as  hydrobilirubin  ;  and  MacMunn  as  choletelin. 

33.  THE  GASES  OF  THE  BLOOD. —Absorption  by  Solid  Bodies.— A  considerable  attraction 
■exists  between  the  particles  of  solid  porous  bodies  and  gases,  whereby  the  latter  are  attracted  and 
condensed  within  the  pores  of  solid  bodies,  i.e.,  the  gases  are  absorbed.  Thus,  1  volume  of 
boxwood  charcoal  (at  12°  C.  and  ordinary  barometric  pressure)  absorbs  35  volumes  CO^,  9*4 
vol.  O,  7 '5  vol.  N,  r7.')  vol.  H.  Heat  is  always  formed  when  gases  are  absorbed,  and  the 
amount  of  heat  evolved  bears  a  relation  to  the  energy  with  which  the  absorption  takes  jdace. 
Nnn -porous  bodies  arc  similarly  invested  by  a  layer  of  condensed  gases  on  their  surface. 

By  Fluids. — Fluids  can  also  absorb  gases.  A  known  qtiantity  of  fluid  at  dijferent  pressures 
always  absorbs  the  same  volurne  of  gas.  Whether  the  pressure  be  great  or  small,  the  vohcvie  of 
the  gas  absorbed  is  equally  great  ( Henry).  But  according  to  Hoyle  (1662)  and  Mariottc's 
law  (1679)  on  the  compression  of  gases,  when  the  pressure  within  the  same  vohime  of  gas  is 
increased,  the  volume  varies  inversely  as  the  'pressure.  Hence  it  follows  that,  Mnth  varying 
j/ressure,  the  volume  of  gas  absorbed  remains  the  same,  but  the  quantity  of  gas  {weight)  is 
directly  proportional  to  the  pressure.  If  the  pressure  =  0,  the  weight  of  the  gas  absorbed  must 
also  =  0.  As  a  necessary  result  of  this,  we  see  that  (1)  fluids  can  be  freed  of  their  absorbed 
gases  in  a  vacuum  under  an  air-pimp. 

Coefficient  of  Absorption  means  the  volume  of  a  gas  (0°  C.)  which  is  absorbed  by  a  unit  of 
volume  of  a  li(pud  (at  760  mm.  Hg)  at  a  given  temperature.  The  volume  of  a  gas  absorbed, 
and  therefore  the  coefficient  of  absorption,  is  quite  independent  of  the  pressure,  while  the  weight 
of  the  gas  is  proportional  to  it.  Te-inperature  has  an  important  influence  on  the  coefficient  of 
absorption.  With  a  low  temperature  it  is  greatest ;  it  diminishes  as  the  tempenature  increases  ; 
and  at  the  boiling-point  it  =  0.  Hence,  it  follows  that — (2)  absorbed  gases  may  be  expelled 
from  fluids  simply  by  causiiig  the  fluids  to  boil.  The  coefficient  of  absorption  diminishes  for 
ditTerent  fluids  and  gas^s,  with  increasing  temperature,  in  a  special,  and  by  no  means  uniform, 
manner,  which  must  be  determined  empirically  for  each  liquid  and  gas.  Thus  the  coefficient 
of  absorjition  for  GO^  in  water  diminishes  with  an  increa.sing  temperature,  while  that  for  H  in 
Avater  remains  unchanged  between  0°  and  20°  C. 

Diffusion  of  Gases. — Gases  which  do  not  enter  into  chemical  combinations  with  each  other 
mi.\:  ^vith  each  other  in  definite  proportions.  If  the  necks  of  two  flasks  be  placed  in  communi- 
cation by  means  of  a  glass  or  othei'  tube,  and  if  the  lower  flask  contain  CO.,,  and  the  upper  one 
H.  the  gases  mix  qtcite  independently  of  their  different  specific  gravities,  both  gases  forming  in 
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each  ilask  a  perfectly  uniform  mixture.  The  phenomenon  is  called  the  diffusion  of  gases.  If 
Viiwous  nmnhraiic  be  previously  inserted  between  the  gases,  the  exchange  of  gases  still  goes  on 
throu<di  the  membrane.  But  (as  with  eudosmosis  in  fluids)  the  gases  pass  with  unequal  rapidity 
through  the  pores,  so  that  at  the  beginning  of  the  exijeriment  a  larger  amount  of  gas  is  found 
on  on"  side  of  the  membrane  than  on  the  other.  According  to  Graham,  the  rapidity  of  the 
ditfusion  of  tlie  gases  through  the  pores  is  inversely  proportional  to  the  square  root  of  their 
specific  gravities.    (According  to  Bunsen,  however,  this  is  not  quite  correct.) 

Different  Gases  in  a  Gaseous  Mixture  do  not  Exert  Pressure  upon  one  another. — Gases, 
therefore,  pass  into  a  space  filled  with  another  gas,  as  they  would  pass  into  a  vacuum.  If  the 
surface  of  a  lluid  containing  absorbed  gases  be  placed  in  contact  with  a  very  large  quantity  of 
another  gas,  the  absorbed  gases  diffuse  into  the  latter.  Hence,  absorbed  gases  can  be  removed 
by  (3)  imssing  a  stream  of  another  gas  throicgh  the  fluid,  or  by  merely  shaking  up  the  fluid  with 
another  gas. 

Partial  Pressure. — If  two  or  more  gases  are  mixed  in  a  closed  space  over  a  fluid,  as  the 
different  gases  existing  in  a  gaseous  mixture  exert  no  pressure  upon  each  other,  the  several  gases 
are  absorbed.  The  weight  of  each  absorbed  is  proportional  to  the  i)ressure  under  which  each 
gas  would  be,  were  it  the  only  gas  in  the  space.  This  pressure  is  called  the  partial  prcssxure  of 
a  gas  {Bunsen).  The  absorption  of  gases  from  their  mixtures,  therefore,  is  ■proimrtional  to  the 
partial  pressure.  The  partial  pressure  of  a  gas  in  a  space  is  at  the  same  time  the  expression  for 
the  tension  of  the  gas  absorbed  by  a  fluid. 

The  air  contains  0-2096  volume  of  0,  and  0-7904  volume  N.  If  1  volume  of  the  air  be  jilaced 
under  a  pressure,  P,  over  water,  the  partial  pressure  under  which  0  is  absorbed  =  0  "2096  P  ; 
that  for  N  =  0-7904  P.  At  0°  C.,  and  760  mm.  pressure,  1  volume  of  water  absorbs  0-02477 
volume  of  air,  consisting  of  0-00862  volume  0,  and  0-01615  volume  N.  It  contains,  therefore, 
34  per  cent.  0  and  66  per  cent.  N.  Therefore,  water  absorbs  from  the  air  a  mixture  of  gases 
containing  a  larger  percentage  of  0  than  the  air  itself. 

34.  EXTRACTION  OF  THE  BLOOD  GASES.— [The  blood  to  be  analysed  must  be  collected 
over  mercury  so  as  to  avoid  contact  with  air.  This  is  done  by  means  of  a  special  apparatus, 
consisting  of  a  graduated  tube  filled  with  mercury  and  communicating  with  a  glass  globe  also 
filled  with  mercury,  which  can  be  lowered  as  the  blood  flows  into  the  graduated  tube.]  The 
extraction  of  the  gases  from  the  blood,  and  their  collection  for  chemical  analysis,  are  carried  out 
by  means  of  the  mercurial  pump  (C.  Ludwig).  fig.  22  shows  in  a  diagrammatic  form  the 
arrangement  of  Pfliiger's  gas-pump. 

It  consists  of  a  receptacle  for  the  blood,  or  "blood-bulb"  (A),  a  glass  globe  capable  of  con- 
jaining  250  to  300  c.c. ,  connected  above  and  below  with  tubes,  each  of  which  is  provided  with 
a  stop-cock,  a  and  b  ;  b  is  an  ordinary  stop-cock,  while  a  has  through  its  long  axis  a  perforation 
which  opens  at  x.,  and  is  so  arranged  that,  according  to  the  position  of  the  handle,  it  leads  up 
into  the  blood-bulb  (position  .t,  a),  or  downwards  through  the  lower  tube  (position  .x-',  a').  This 
blood-bulb  is  first  completely  emptied  of  air  (by  means  of  a  mercurial  air-pump),  and  then  care- 
fully weighed.    One  end  (.t-')  of  it  is  tied  into  an  artery  or  a  vein  of  an  animal,  and  when  the 
lower  stop- cock  is  placed  in  the  position  x,  a  blood  flows  into  the  receptacle.    When  the 
necessary  amount  of  blood  is  collected,  the  lower  stop-cock  is  put  into  the  position  x',  a',  and  the 
blood-bulb,  after  being  cleaned  most  carefully,  is  weighed  to  ascertain  the  weight  of  the  amount 
of  blood  collected.    The  second  part  of  the  apparatus  consists  of  the  froth-chamber,  B,  leading 
upwards  and  downwards  into  tubes,  each  of  which  is  provided  with  an  ordinary  stop-cock,  c  and 
d.    The  froth-chamber,  as  its  name  denotes,  is  to  catch  the  froth  which  is  formed  during  the 
energetic  evolution  of  the  gases  from  the  blood.    The  lower  aperture  of  the  froth-chamber  is 
connected  by  means  of  a  well-ground  tube  with  the  blood-bulli,  while  above  it  communicates 
with  the  third  part  of  the  apparatus,  the  drying-chamber,  G.    Tliis  consists  of  a  U-shaped  tube, 
provided  below  with  a  small  glass  bulb,  which  is  half  filled  witli  sul]ihuric  acid,  while  in  its 
limbs  are  placed  pieces  of  pumice-stone  also  moistened  with  sulphuric  acid.    As  the  blood 
gases  pass  through  this  apparatus  (which  may  be  shut  off  liy  the  stop-cocks  e  and  /),  they  are 
freed  from  their  tcatery  vajiour  by  the  sulphuric  acid,  so  thait  they  pass  quite  dry  through  the 
stop-cock,  /.    The  short  well-ground  tube,  D,  is  fixed  to  /,  and  to  the  former  is  attached  the 
small  barometric  tube  or  manometer,  y,  which  indicates  the  extent  of  the  vacuum.    From  D  we 
pass  to  the  pump  proper.    This  consists  of  two  large  glass  bulbs,  which  are  continued  above 
and  below  into  open  tubes ;  the  lower  tubes,  Z  and  v:,  being  united  by  a  caoutchouc  tube,  G. 
Both  the  bulbs  and  the  caoutchouc  tube  contain  mercury— the  bulbs  being  about  half  full,  and 
F  being  larger  than  E.    The  bulb,  E,  is  fixed;  but  F  can  be  raised  or  lowered  by  means' of  a 
pulley  with  a  rack  and  pinion  motion.    If  F  be  raised,  E  is  filled  ;  if  F  be  lowered,  E  is  emptied. 
The  upper  end  of  E  divides  into  two  tubes,  g  and  h,  of  which  g  is  united  to  D.    The  ascending- 
tube,  h  (gas-delivery  tube),  is  very  narrow,  and  is  bent  so  that  its  free  end  dips  into  a  vessel 
containing  mercury,  v  (a  pneumatic  trough),  and  the  opening  is  placed  exactly  under  the  tube 
for  collecting  the  gases,  the  eudiometer,  J,  which  is  also  filled  with  mercury.    Where  g  and  H 
unite,  there  is  a  two-way  stop-cock,  which  in  one  position,  H,  places  E  in  communication  with 
A,  B,  G,  D,  the  chambers  to  be  exhausted,  and  in  the  position  K  shuts  off  A,  B,  G,  D,  and 
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places  the  bulb,  E,  in  communication  with  the  gas-deliveiy  tube,  h,  and  the  eudiometer,  .1. 
5,  tx,  D  arc  completely  emptied  of  air,  thus  :— The  stop-cock  is  placed  in  the  position,  K  ;  raise 
i'  until  drops  of  mercury  issue  from  the  fine  tube,  t  (not  yet  placed  under  J)  ;  place  the  stop- 
cock in  the  position  H,  lower  F  ;  stop-cock  in  position,  K,  and  so  on  until  the  l)arometer,  ij, 
indicates  a  complete  vacuum.  J  is  now  placed  over  i.  Open  the  cocks,  c  and  b,  so  that  the 
blood-bulb.  A,  communicates  with  the  rest  of  the  apparatus,  and  the  blood  gases  froth  up  in  P., 


Fig.  22. 


Scheme  of  PfUiger's  gas-pump.  A,  blood-bulb ;  a,  stop-cock,  with  a  longitudinal  perforation 
opening  upwards ;  the  same  opening  downwards ;  Jaiulc,  stop-cocks;  B,  froth-chamber ; 
d,  e,  f,  stop-cocks ;  G,  drying-chambers,  containing  sulphuric  acid  and  pumice-stone  ;  D, 
tube,  with  manometer,  y. 

and  after  being  dried  in  G  pass  towards  E.  Lower  F,  and  they  pass  into  E  ;  stop-cock  in 
position,  K,  raise  F,  and  the  gases  arc  collected  in  J  under  mercury.  The  repeated  lowering 
and  raising  of  F  with  the  corresponding  position  of  the  stop-cocks  ultimately  drives  all  the 
gases  into  J.  The  removal  of  the  gases  is  greatly  facilitated  by  placing  the  blooil-bulb,  A,  in  a 
vessel  containing  water  at  60°  C. 

It  is  well  to  remove  the  gases  from  the  blood  immediately  after  it  is  collected  from  a  blood- 
vessel, because  the  0  undergoes  a  diminution  if  the  blood  be  kept.    Of  course,  in  making  several 
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analvses  it  is  difficult  to  do  this,  and  the  best  plan  to  pursue  in  that  case  is  to  keep  the  recep- 
tacles containing  the  blood  on  ice.  _ 

Mavo\v  (1670)  observed  that  gases  were  given  off  from  blood  in  vamo.  Magnus  (183/)  in- 
vestit'ated  tlie  percentage  composition  of  the  blood  gases.  The  more  important  recent  investi- 
gations have  been  made  by  Lothar  Mej'er  (1857),  and  by  the  pupils  of  0.  Ludwig  and  E. 
Pfliiger. 


35.  QUANTITATIVE  ESTIMATION  OF  THE  BLOOD  GASES.— The  gases 
obtained  from  blood  consist  of  0,  C0._,,  and  N.  Pfliiger  obtained  (at  0°  C.  and  1 
metre  Hg  pressure)  47 S  volumes  per  cent.,  consisting  of — 

0,  16-9  per  cent.  ;  CO^,  29  per  cent.;  N,  1"4  per  cent. 
As  is  shown  in  fig.  22,  J,  the  gases  are  obtained  in  an  eudiometer,  i.e.,  in  a  narrow 
tube,  closed  at  one  end,  and  with  a  very  exact  scale  marked  on  it,  and  having  two 
fine  platinum  wires  melted  into  its  upper  end,  with  their  free  ends  projecting  into 
the  tube  (^j  and  n). 

(1)  Estimation  of  the  CO^. — A  small  ball  of  fused  caustic  potash,  fixed  on  a  platinum  wire,  is 
introduced  into  the  mixture  of  gases  through  the  lower  end  of  the  eudiometer  under  cover  of 
the  mercury.  The  surface  of  the  potash  ball  is  moistened  before  it  is  introduced.  The  CO^ 
unites  with  the  potash  to  form  potassium  carbonate.  The  potash  bulb  is  withdrawn  after  24 
hours.    The  diminution  in  volume  indicates  the  amount  of  CO^  absorbed. 

(2)  Estimation  of  the  0. — (a)  Just  as  in  estimating  the  CO.,,  a  ball  of  phosphorus  on  a 
platinum  wire  is  introduced  into  the  eudiometer  ;  it  absorbs  the  0  and  forms  phosplioric  acid. 
Another  plan  is  to  employ  a  sTnall  papier-mache  bull  saturated  with  pyrogrtUic  oxid  iti  cattstic 
jwtash,  which  rapidly  absorbs  0.  After  the  ball  is  removed,  the  diminution  in  volume  indicates 
the  quantity  of  0. 

(h)  The  0  is  most  easily  and  accurately  estimated  by  cx2)loding  it  in  the  eudiometer.  Intro- 
duce a  sufficient  quantity  of  H  into  the  eudiometer,  and  accurately  ascertain  its  volume  ;  an 
electrical  spark  is  now  passed  between  the  wires,  p  and  n,  through  the  mixture  of  gases  ;  the  0 
and  H  unite  to  form  Avater,  Avhich  causes  a  diminution  in  the  volume  of  the  gases  in  the  eutlio- 
meter,  of  which  ^  is  due  to  the  0  used  to  form  water  (HoO). 

(c)  Estimation  of  the  N. — When  the  COo  and  0  are  estimated  by  the  above  method,  the 
remainder  is  pure  K. 

36.  THE  BLOOD  GASES.— [In  human  blood  the  average  total  gases  are 

estimated  to  be,  at  0"  C.  and  1  metre  pressure, 

N 

1  to  2  per  cent. 
1  to  2 

1*4  per  cent. 
1-4     „  ] 

I.  Oxygen  exists  in  arterial  blood  (dog)  on  an  average  to  the  extent  of  17 
volumes  per  cent,  (at  0°  C.  and  1  metre  Hg  pressure)  {Pfliiger).  According  to 
Pfliiger,  arterial  blood  (dog)  is  saturated  to  with  O,  while,  according  to  Hiif°ner, 
it  is  saturated  to  the  extent  of  i4.  In  venous  blood  the  quantity  varies  very 
greatly  ;  in  the  blood  of  a  passive  muscle  6  volumes  per  cent,  have  been  found  ; 
while  in  the  blood  after  asphyxia  it  is  absent,  or  occurs  only  in  traces.  It  is 
certainly  more  abundant  in  the  comparatively  red  blood  of  active  glands  (salivary 
glands,  kidney),  than  in  ordinary  dark  venous  blood. 

[Modifying  Conditions. —The  amount  of  0  obtainable  from  the  blood  depends  upon  the  organ 
from  which  the  blood  comes,  or  whether  the  organ  be  active  or  at  rest.  Thus  the  0.  present 
in  the  ^ 

Carotid  artery  is  .       .       21  per  cent.     I     Renal  vein  (kidney  active),  Vl  per  cent 
Renal  artery,       .       .       19     „  |     Renal  vein  (kidney  at  rest),  6 

Bert  finds  that  increase  of  the  atmospheric  pressure  from  1  to  10  atmosijlieres  raises  the 

amount  of  0  in  arterial  blood  from  20  to  over  24  per  cent.,  and  the  N  from  1-8  to  over  9 

per  cent.,  while  the  CO^  is  but  slightly  afl'ected.] 

The  0  in  Blood  occurs— (or)  sw?ip/y  absorbed  in  the  plasma.    This  is  only  a 


0  CO, 

Arterial  blood. 

17  30' 

Venous  blood, 

6  to  10  .35 

or,  calculated  at  0°  C.  and  760 

mm.  pressure. 

Arterial  blood. 

20  39 

Venous  blood, 

8  to  12  46 
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minimal  amount,  and  does  not  exceed  what  distilled  water  at  the  temperature  of 
the  body  would  take  up  at  the  partial  pressure  of  the  0  in  the  air  of  the  lungs 
{Lo'fhar  Meyer). 

{/>)  A /most  the  total  0  of  the  hlood  is  chemically  united,  and  therefore  not  subject 
to  the  law  of  absorption.  It  is  loose///  united  to  the  h;Bmoglobin  of  the  red 
corpuscles,  with  which  it  forms  oocyheemogloUn  (§  15).  With  regard  to  the  taking 
up  of  O,  the  total  quantity  of  blood  behaves  exactly  like  a  solution  of  haemoglobin 
free  from  O  {Preyer).  The  absorption  of  O  is  more  rapid  in  blood  than  in  a 
solution  of  Hb. 

The  absorption  of  this  quantity  of  0  is  completely  independent  of  pressure;  lience,  animals 
confined  in  a  closed  space,  until  they  are  nearly  asphy.xiated,  can  use  up  almost  all  the  0  from 
the  surrounding  atmosphere.  The  fact  of  the  union  being  independent  of  pressure  is  ]iroved  by 
the  following  ; — The  blood  only  gives  off  copiously  its  chemically  united  0  -when  the  atmo- 
spheric pressure  is  lowered  to  20  millimetres,  Hg  ( )Vorvi  Miillcr) ;  and,  conversely,  blood  only 
takes  up  a  little  more  0  when  the  pressure  is  increased  to  6  atmospheres  {Bert). 

Physical  Methods  of  obtaining  0  from  Blood.— Notwithstanding  the  chemical 
union  between  the  Hb  and  O,  all  the  O  of  the  blood  can  be  expelled  from  its  state 
of  combination  by  those  means  which  set  free  absorbed  gases — {<i)  by  introducing 
blood  into  a  Torricellian  vacuum  ;  {/j)  by  boiling  ;  (c)  by  the  conduction  of  other 
gases  [H,  N,  CO,  or  NO]  through  the  blood,  because  the  oxyhsemoglobin  compound 
is  so  loose  that  it  is  decomposed  even  by  these  physical  means. 

Reducing  Reagents. — Amongst  chemical  reagents  the  following  reducing 
substances — ammonium  sulphide,  suli>huretted  hj'drogen,  alkaline  solutions  of  sub- 
salts  or  Stokes's  fluid,  iron  filings,  &c.,  rob  blood  of  its  O  (§  15). 

Halation  to  Fe. — The  amountof  iron  in  the  blood  (0-55  in  1000  parts)  stands  in  direct  relation 
to  the  amount  of  lib  ;  this  to  tlie  quantity  of  blood-corpuscles  ;  and  this,  in  turn,  to  the  specific 
gravit}'  of  the  blood.  The  amount  of  0  in  the  blood,  therefore,  is  nearly  proportional  to  the 
specific  giavity  of  the  blood,  and  it  is  also  in  proportion  to  the  amount  of  iron  in  the  blood. 
Picard  affirms  that  2 '36  grams  of  iron  in  the  blood  can  fix  chemically  1  gram  0  ;  while, 
according  to  Hoppe-Seyler,  the  proportion  is  1  atom  iron  to  2  atoms  0. 

During  mori)hia  narcosis  the  amount  of  0  in  the  blood  is  diminished  (JEtcald);  after  hsemor- 
rhage  the  arterial  blood  is  saturated  with  0  {J.  G.  Ott). 

Disappearance  of  0  in  Shed  Blood. — Even  immediately  after  blood  is  shed,  there  is  a  slight 
disappearance  of  0,  as  a  physiological  index  of  respiration  of  the  tissues  within  the  living  blood 
itself  (§  132).  When  blood  is  kept  long  outside  of  the  blood-vessels,  the  quantity  of  0  gradually 
diminishes,  and  if  it  be  kept  for  a  length  of  time  at  a  high  temperature  it  may  tlisapjtear 
altogether.  This  depends  u2ion  decomposition  occurring  in  the  blood,  whereby  reducing  sub- 
stances are  formed  which  consume  the  0.  All  kinds  of  blood,  however,  do  not  act  with  ei]ual 
energy  in  consuming  0,  e.g.,  venous  blood  from  active  muscles  acts  most  energetically,  while 
that  from  the  hepatic  vein  has  very  little  effect.  CO.,  appears  in  the  blood  in  place  of  tlie  0, 
and  the  colour  darkens.  The  amount  of  CO.j  produced  is  sometimes  greater  than  that  of  the  0 
consumed. 

Eelation  to  Acids. — If  blood  (or  a  solution  of  oxyhrenioglobin)  be  acted  upon  by  adds  {e.g., 
tartaric  acid)  until  it  is  strongly  acid,  0  can  be  pumped  out  in  consideraldy  less  amount,  while 
the  formation  of  CO.^  is  not  increased.  "\Vc  must,  therefore,  assume  that,  during  the  decomposi- 
tion of  the  Hb  caused  by  the  acids  (§  18),  a  decomposition  product  becomes  more  highly  oxidised 
by  the  intense  chemical  union  of  the  0  at  the  moment  of  its  origin  {Lothar  Meyer,  Zuntz, 
Strasshurg).    The  same  phenomenon  occurs  when  oxyhajmoglobin  is  decomposed  by  boiling. 

37.  IS  OZONE  PRESENT  IN  BLOOD  ?— On  account  of  the  numerous  and 
energetic  oxidations  which  occur  in  connection  with  the  blood,  the  question  has 
often  been  raised  as  to  whether  the  O  of  the  blood  exists  in  the  form  of  ozone  (O3). 
Ozone,  however,  is  contained  neither  in  the  blood  itself  (Sehonheii/)  nor  in  the 
blood-gases  obtained  from  it.  Nevertheless,  the  red  corpuscles  (and  Hb)  have  a 
distinct  relation  to  ozone. 

(1)  Tests  for  Ozone.  —  Hremoglobin  acts  as  a  conveyer  of  ozone,  i.e.,  it  is  able  to  remove  the 
active  0  of  other  bodies  and  to  convey  or  tran.sfer  it  at  once  to  other  easily  oxidisable  substances. 
{a)  Turpentine  which  has  been  exposed  to  the  air  for  a  long  time  always  contains  ozone.  The 
tests  for  the  latter  are  starch  and  potassium  iodide,  the  ozone  decomposing  the  iodide,  when  the 
iodine  strikes  a  blue  with  the  starch,    {b)  Freshly-prepared  tincture  of  guaiacum  is  also  rendered 
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blue  bv  ozone.  If  some  tincture  of  guaiacum  be  added  to  turpentine  there  is  no  reaction,  baton 
adding  a  drop  of  Idood  a  deep  blue  colour  is  immediately  produced,  i.e.,  blood  takes  the  ozone 
from  The  turi)entine  and  convcxjs  it  at  once  to  the  dissolved  guaiacum,  Avhich  becomes  blue.  It 
is  immaterial  wlu-tlier  the  Hb  contains  0  or  not. 

(2)  It  is  also  asserted  that  hfemoglobin  acts  as  an  ozone-producer,  i.e.,  that  it  can  convert  the 
ordinary  0  of  the  air  into  ozone.  Hence  the  reason  why  red  blood-corpuscles  alone  render 
cuaiacum  blue.  This  reaction  succeeds  best  when  the  guaiacum  solution  is  allowed  to  dry  on 
blotting-paper,  and  a  few  drops  of  blood  (diluted  5  to  10  times)  are  poured  on  it.  That  the  Hb 
forms  ozone  from  the  surrounding  0,  is  sliown  by  the  fact  that  red  blood-corpuscles  containing 
carbonic  oxide  cause  the  blue  colour  (/TM/mc  and  Schuh).  According  to  Ptiiiger,  however,  these 
reactions  only  occur  from  decomposition  of  the  Hb,  so  that  on  this  view  the  blood-corpuscles 
cannot  be  regarded  as  producers  of  ozone. 

Sulphuretted  hydrogen  is  decomposed  by  blood  (as  by  ozone  itself)  into  sulphur  and  water. 
Hydric  peroxide  is  decomposed  by  lilood  into  0  and  water  [but  this  reaction  is  prevented  by  the 
addition  of  a  small  amount  of  hydrocyanic  acid  {ScJuinhc in)].  Crystallised  Hb  does  not  do  this, 
and  li.fi.2  may  be  cautiously  injected  into  the  blood-vessels  of  animals.  This  would  show  that 
unchanged  Hb  does  not  produce  ozone. 

Various  Forms  of  Oxygen. — There  are  three  forms  of  oxygen  : — (1)  The  ordinary  oxygen  (O.j) 
in  the  air.  (2)  Active  or  nascent  oxj^gen  (0),  which  never  can  occur  in  the  free  state,  but  the 
moment  it  is  formed  acts  as  a  powerful  oxidising  agent  and  x^roduces  chemical  compounds.  It 
converts  water  into  hydric  peroxide — ^the  N  of  the  air  into  nitrous  and  nitric  acids,  and  even 
CO  into  CO.,,  which  ozone  does  not.  It  certainly  ])lays  an  important  part  in  the  organism. 
(3)  Ozone  (0;j),  which  is  formed  by  the  decomposition  of  several  molecules  of  ordinary  oxygen 
(Og)  into  two  atoms  of  0,  and  the  appropriation  of  each  of  these  atoms  by  a  molecule  of  unde- 
composed  oxygen.    It  is  oxygen  condensed  to  |  of  its  volume. 

38.  CO2  AND  N  IN  BLOOD.— IT.  Carbon  Dioxide.— In  arterial  blood  there 
are  about  .30  volumes  per  cent,  of  CO.2  at  0°  C.  and  1  metre  pressure  [Setschenoiv)  ; 
but  in  venous  blood  the  amount  is  very  variable,  e.g.,  in  the  venous  blood  of  passive 
muscles  there  are  35  volumes  per  cent.  (Scze/koic),  while  in  the  blood  of  asphyxia 
there  may  be  52-6  volumes  per  cent.  The  COo  in  the  lymph  of  asphyxia  is  less 
than  that  in  the  blood  [Buchner,  Gaule).  The  CO2  of  the  blood  may  be  extracted 
from  it  or  completely  immped  ovi,  but  during  the  process  of  evacuation,  or  removal 
of  the  gas,  a  new  property  of  the  red  blood-corpuscles  is  produced,  whereby  they 
assume  the  function  of  an  acid,  and  thus  aid  in  the  chemical  expulsion  of  the  CO.,. 
This  acid-like  property  of  the  red  corpuscles  occurs  especially  in  the  presence  of  O 
and  heat. 

(A)  The  CO.2  in  the  Plasma. — The  largest  pcMion  of  the  CO.,helongs  to  the  2'>lrisma 
(or  serum),  and  it  all  appears  to  be  in  a  state  of  chemical  combination.  Serum 
takes  up  CO2  quite  independently  of  pressure,  hence  it  cannot  be  merely  absorbed. 
A  certain  part  of  the  CO2  can  be  removed  from  the  serum  (plasma)  by  the 
Torricellian  vacuum,  while  another  part  is  obtained  only  after  the  addition  of  an 
acid.  [The  latter  is  called  the  "fixed"  CO.,,  while  the  former  is  known  as  the 
"  loose  "  CO2.]    The  CO2  in  the  serum  exists  in  the  following  conditions  : — 

(1)  CO2  is  united  to  the  soda  of  the  plasma  in  the  form  of  "  neictral  sodir 
carbonate."  This  portion  of  the  COo  can  only  be  displaced  from  its  combination 
by  the  addition  of  an  acid.  (In  depriving  blood  of  its  gases  the  red  corpuscles  play 
the  role  of  an  acid.) 

(2)  A  portion  of  the  CO2  is  loosely  united  to  sodic  carbonate  in  the  form  of  sodic 
Ucarhonate  ;  the  carbonate  takes  up  1  equivalent  of  CO, ;  Na2C03  -t-  CO.,  +  H.,0  - 
2NaHC0.5.    This  CO2  may  be  pumped  out,  as  in  the  process  the  bicarbonate  .splits 
up  again  into  the  neutral  carbonate  and  CO.,. 

Prcyer  has  objected  to  this  view  on  the  ground  that  blood  is  alkaline  in  reaction,  whilst  all 
solutions  that  contain  CO.,  in  a  state  of  absorption,  or  loose  chemical  combination,  are  alwavs 
acid.  Pfiiiger  and  Zuntz  showed  that  blood,  after  being  completely  saturated  with  CO.,  still 
remains  alkaline. 

As  the  bicarbonate  only  gives  up  its  COj  very  slowly  in  vacuo,  while  blood  gives  off  its  CO., 
very  energetically,  perhaps  the  soda,  united  with  an  albununous  body,  combines  with  the  CO . 
and  forms  a  complex  compound,  from  which  the  CO.^  is  rapidly  given  off  in  vacuo.  ' 
{■?>)  A  minimal  portion  of  the  CO.2  may  be  chemically  united  with  neutral  sodic 
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phosphate  in  the  plasma  {Fernet).  One  equivalent  of  thijj  salt  can  fix  one 
equivalent  of  COo,  so  and  sodium  phosphate  and  acid  sodium  carbonate  are  formed, 
NaoHP04  +  CO.,  +  H,0  =  NaH,PO^  +  NaH,C03  (Hermann).  When  the  gases  are 
removed  the  CO.^  escapes,  and  neutral  sodic  phosphate  remains. 

It  is  probable,  however,  that  almost  all  the  soilic  phosphate  found  in  the  blood-ash  arises 
from  the  burning  of  lecitliin  ;  we  have,  therefore,  to  consider  only  tlic  very  small  amount  of 
this  salt  which  occurs  in  tlie  plasma  {Hoppc-Scyler  and  Sertoli). 

(B)  The  CO.,  in  the  Blood-Corpuscles. —The  red  corpuscles  contain  CO^  in  loose 

chemical  combination  ;  for  (1)  a  volume  of  blood  can  fix  nearly  as  much  CO^  as  an 

equal  volume  of  serum  {Ludwiff,  Al.  Schmidt) ;  and  (2)  with  increasing  pressure 

the  absorption  of  COo  by  blood  takes  place  in  a  different  ratio  from  what  occurs 

with  serum  {Pfliiger,  Zuntz).    The  red  corpuscles  can  fix  more  CO.,  than  their  own 

volume,  and  the  union  of  the  CO.,  seems  to  depend  upon  the  Hb,  for  Setschenow 

found  that,  when  Hb  was  acted  on  by  CO.,,  its  power  of  fixing  the  latter  was 

increased,  which  is  perhaps  due  to  the  formation  of  some  substance  more  suited  for 

fixing  CO.,.    The  colourless  corpuscles,  after  the  manner  of  the  serum-constituents, 

also  fix  C0._,  to  the  extent  of  ^  to  jV  of  the  absorbing  power  of  serum. 

After  the  use  of  I,  Hg,  sodic  oxalate,  and  nitrite,  there  is  a  diminution  of  COg  in  arterial 
blood  (Feitelberg),  and  also  in  fever  {Gcppert,  Minkowski).  [In  the  last  case  it  is  perhaps  due 
to  the  diminished  akalinity,  and  this  is  in  part  owing  to  tJie  acid  products  formed  during 
the  decomposition  of  the  tissues.] 

III.  Nitrogen  exists  in  the  blood  to  the  extent  of  1 4  to  1  "6  vol.  per  cent.;  and 
it  appears  to  be  simply  absorbed. 

It  is  doubtful  if  any  jjart  of  tlie  N  exists  chemically  united  in  the  red  corpuscles.  Blood 
warmed  outside  the  body,  and  with  a  free  supply  of  oxygen,  gives  off  a  minute  quantity  of 
ammonia,  which  is  perhaps  derived  from  the  decomposition  of  some  salt  of  ammonia  as  yet 
unknown  {Kilhnc  and  Straiich). 

39.  ARTERIAL  AND  VENOUS  BLOOD. —Arterial  blood  contains  in  solution 
all  those  substances  which  are  necessary  for  the  nutrition  of  the  tissues,  those  which 
are  employed  in  secretion,  and  it  also  contains  a  rich  supply  of  O.  Venous  hlood 
must  contain  less  of  all  these,  but  in  addition  it  holds  the  used-up  or  effete 
substances  derived  from  the  tissues,  and  the  products  of  their  retrogressive 
metabolism  are  more  numerous  ;  there  is  in  venous  blood  a  larger  amount  of  CO.,. 
It  is  evident  also  that  the  blood  of  certain  veins,  the  portal  and  he])atic,  must  have 
special  characters. 

The  following  are  the  most  important  points  of  difference  between  arterial  blood 
and  venous  blood  : — 

Arterial  Blood  contains — 


more  0, 
less  CO2, 
more  water, 
more  fibrin. 


more  extractives, 
more  salts. 


less  urea. 

It  is  bright  red  and  not 

dichroic. 
As  a  rule  it  is  1°  C.  warmer. 


fewer  blood-corpuscles, 

The  bright  red  colour  of  arterial  blood  depends  on  the  presence  of  oxyhemo- 
globin, whilst  the  dark  colour  of  venous  blood  is  due  to  its  smaller  proportion  of 
oxyhaemoglobin,  and  the  quantity  of  reduced  hemoglobin  which  it  contains.  The 
dark  change  of  colour  is  not  to  be  attributed  to  the  larger  quantity  of  COg  in 
venous  blood  {Marchand);  for  if  equal  quantities  of  O  be  added  to  two  portions  of 
blood,  and  if  CO2  be  added  to  one  of  them,  the  colour  is  not  changed  {Pjiiiger). 

[According  to  C.  Schmidt,  the  blood  of  the  portal  vein  contains  more  water,  plasma,  salts, 
and  fats,  l)ut  less  extractives  and  corpuscles  than  the  blood  of  the  hepatic  vein  ;  while  (when 
an  animal  is  not  digesting)  sugar  is  absent  or  at  least  only  in  traces  in  the  portal  vein,  and  iu 
considerable  amount  in  the  hepatic  vein  (§  175).] 

40.  ftUANTITY  OF  BLOOD.  —In  the  adult  the  quantity  of  blood  is  equal  to 
jL.  part  of  the  body-weight  (Bischof),  in  newly-born  children  jV  ( Welcker). 

According  to  Schiicking,  the  amount  of  blood  in  a  newly-born  child  depends  to  some  extent 
upon  the  time  at  which  the  umbilical  cord  is  ligatured.    The  amount  =x\  of  the  body-weight 
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when  the  conl  is  tied  at  once,  while  if  it  is  tied  somewhat  later  it  may  be  ^.  Immediate 
ligature  of  the  cord  may,  therefore,  deprive  a  newly-boru  child  of  100  grams  of  blood. 
Further,  the  number  of  corpuscles  is  less  in  a  child  after  immediate  ligature  of  the  umbilical 
cord  than  when  it  is  tied  somewhat  later  {Helot). 

The  methods  of  Valentin  (1838),  and  Ed.  Weber  (1850),  are  not  now  used,  as  the  results 
obtained  are  not  sullieiently  accurate. 

Method  of  Welcker  (1854). — Begin  by  taking  the  weight  of  the  animal  to  be  experimented 
on  ;  place  a  cannula  in  the  carotid,  and  allow  the  blood  to  run  into  a  llask  previously  weighed, 
and  in  which  small  pebbles  (or  Hg)  have  been  placed  in  order  to  defibrinate  the  blood  by 
shaking.  Take  a  part  of  this  detibrinated  blood,  and  make  it  cherry-red  in  colour  by  passing 
tlirough  it  a  stream  of  CO  (because  ordinary  blood  varies  in  colour  according  to  the  amount  of 
0  contained  in  it — Gschcidlcn,  HcideiUmin).  Tie  a  \—  shaped  cannula  in  the  two  cut  ends  of  the 
carotid,  and  allow  a  0"6  per  cent,  solution  of  common  salt  to  flow  into  the  vessel  from  a 
pressure  bottle  ;  collect  the  coloured  fluid  issuing  from  the  jugular  veins  and  inferior  vena  cava 
until  the  fluid  is  ([uitc  clear.  The  entire  body  is  then  chopped  up  (with  the  exception  of  the 
contents  of  the  stomach  and  intestines,  which  are  weighed,  and  their  weight  deducted  from  the 
body-weight),  and  extracted  with  water,  and  after  tweutj'-four  hours  the  fluid  is  expressed. 
This  water,  as  well  as  the  washings  with  salt  solution,  are  collected  and  weighed,  and  part  of 
the  mixture  is  saturated  with  CO.  A  sample  of  this  dilute  blood  is  placed  in  a  vessel  with 
parallel  sides  (1  cm.  a])art)  opposite  the  light  (the  so-called  hsematinometer),  and  in  a  second 
vessel  of  the  same  dimensions  a  sample  of  the  undiluted  CO  blood  is  diluted  with  water  from  a 
burette,  until  both  fluids  give  the  same  intcnsitii  of  colour.  From  the  quantity  of  water  required 
to  dilute  the  blood  to  the  tint  of  the  washings  of  the  blood-vessels,  the  (juantity  of  blood  in  the 
washings  is  calculated.  On  chopping  up  the  muscles  alone,  we  obtain  the  amount  of  Hb 
present  in  them,  which  is  not  taken  into  calculation. 

Quantity  of  Blood  in  Various  Animals. — ^The  quantity  of  blood  in  the  mouse 
-  tV  to  tV  ;  guinea-pig        (yV  to  J^) ;  rabbit  =  to  ^V)  ;  dog  =  ^  to 

^g)  ;  cat  =  ^i.y  ;  birds  =  to  y^y  ;  frog  =  to  ;  hshes  =  to  of  the  body- 
weight  (without  the  contents  of  the  stomach  and  intestines). 

The  specific  gravity  of  the  blood  ought  always  to  be  taken  when  estimating  the  amount  of 
blood.  The  amount  of  blood  is  diminished  during  inanition  ;  fat  persons  have  relatively  less 
blood  ;  after  hiemorrhage  the  loss  is  at  first  replaced  by  a  watery  fluid,  while  the  blooil-cor- 
puscles  are  gi-adually  regenerated. 

Blood  in  Organs. — The  estimation  of  the  quantity  of  blood  in  different  organs  is 
dune  by  suddenly  ligaturing  their  blood-vessels  intra  vitam.  A  watery  extract  of 
the  chopped-up  organ  is  prepared,  and  the  quantity  of  blood  estimated  as  described 
above.  [Roughly  it  may  be  said  that  the  lungs,  heart,  large  arteries,  and  veins, 
contain  | ;  the  muscles  of  the  skeleton,  \  ;  the  liver,  \  ;  and  other  organs,  \ 
{Ranke).\ 

41.  ABNORMAL  CONDITIONS  OF  THE  BLOOD.— (A)  1  Polysemia.— (1)  An  increase  in  the 
entire  mass  of  the  blood,  uniformly  in  all  organs,  constitutes  7w/?/«7;ii'rt.  or  2)lcthora,  and  in  over- 
nourished  individuals  it  may  approach  a  pathological  condition.  A  bluish-red  colour  of  the 
skin,  swollen  veins,  large  arteries,  hard  full  pulse,  injection  of  the  ca])illaries  and  smaller 
vessels  of  the  visible  mucous  membranes  are  signs  of  this  state,  and,  when  accompanied  by 
congestion  of  the  brain,  there  is  vertigo,  congestion  of  the  lungs,  and  breathlessness.  After 
major  amputations  with  little  loss  of  blood  a  relative  but  transient  increase  of  blood  has  been 
found  (?)  {plethora  apoccptica). 

Transfusion. —Polyaimia  may  be  jn-oduced  artificially  by  the  injection  of  blood  of  the  same 
species.  If  the  normal  quantity  of  blood  be  increased  83  per  cent,  no  abnormal  condition 
occurs,  because  the  blood-pressure  is  not  permanently  raised.  The  excess  of  blood  is  accommo- 
dated in  the  greatly  distended  capillaries,  which  may  be  stretched  beyond  their  normal  elasticity. 
If  it  be  increased  to  150  per  cent,  there  are  variations  in  the  blood-pressiu-e,  life  is  endangered' 
and  there  may  be  sudden  rupture  of  blood-vessels  (  Worm  Miillcr).  ' 

Fate  of  Transfused  Blood.— After  the  transfusion  of  blood  the  formation  of  lymph  is  gi-eatly 
increased  ;  but  in  one  or  two  days  the  serum  is  used  up,  the  water  is  excreted  chieHy^y  the 
urine,  and  the  albumin  is  partly  changed  into  urea.  Hence,  the  blood  at  this  time  appears  to 
be  relatively  richer  in  blood-corpuscles  {Famim,  Lesser,  Worm  Miillcr).  The  red  corpuscles 
break  up  much  more  slowly,  and  the  products  thereof  are  partly  excreted  as  urea  and  partly 
(but  not  constantly)  as  bile-pigments.  Even  after  a  month  an  increase  of  coloured  blood- 
corpuscles  has  been  observed  {Tschirjciv).  That  tlie  blood-corpuscles  are  broken  \m  slowly  iih 
the  economy  is  proved  by  the  fact,  that  the  amount  of  lu-ea  is  much  larger  when  the  same  quan- 
tity of  blood  is  swallowed  by  the  aiumal  than  when  an  equal  amount  is  transfused  {Tschirjeir. 
Landois).    In  the  latter  case  there  is  a  moderate  increase  of  the  urea,  lasting  for  days,  a  proot' 
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of  the  slow  decomposition  of  tlie  red  corpuscles.  Pronounced  over-lilling  of  the  vessels  causes 
loss  of  ajipetite  and  a  tendency  to  h.vmorrhage  of  the  mucous  nieiubranes. 

(2)  Polysemia  serosa  is  that  condition  in  which  the  amount  of  serum,  i.e.,  the  amount  of 
water  in  the  blood,  is  increased.  This  may  bo  produced  artificially  by  the  transfusion  of  blood- 
serum  from  the  same  species.  The  water  is  soon  given  otf  in  the  urine,  and  the  albumin  is 
decomposed  into  urea,  without,  however,  passing  into  the  urine.  An  animal  forms  more  urea 
in  a  short  time  from  a  quantity  of  transfused  serum  than  from  the  same  quantity  of  blood,  a 
proof  that  the  blood-corpuscles  remain  longer  undecomposed  than  the  serum  (Furisicr,  Landois). 
If  serum  from  another  species  of  animal  be  used  {e.g.,  dog's  serum  transfused  into  a  rabbit),  the 
blood-corpuscles  of  the  recipient  are  dissolved  ;  ha'moglobinuria  is  produced  {Ponjick)  ;  and  if 
there  be  general  dissolution  of  the  corpuscles,  death  may  occur  {Landols). 

(3)  Polysemia  aquosa  is  a  simple  increase  of  the  water  of  the  blood,  and  occurs  temporarily 
after  copious  drinking,  but  increased  diuresis  soon  restores  the  normal  condition.  Diseases  of 
the  kidneys,  which  destroy  their  secreting  parenchyma,  produce  this  condition,  and  often 
general  dropsy,  owing  to  tiie  passage  of  water  into  the  tissues.  Ligature  of  the  ureter  produces 
a  watery  condition  of  the  blood. 

(4)  Plethora  polycythsemica,  Hyperglobulie.  — An  increase  of  the  red  corpuscles  has  been 
assumed  to  occur  when  periodically  recurring  hiemorrhages  are  interrupted,  e.g.,  menstruation, 
bleeding  from  the  nose,  kc.  ;  but  the  increase  of  corpuscles  has  not  been  definitely  proved. 
There  is  a  proved  ease  of  temporary  polycytluvniia,  viz.,  when  similar  blood  is  transfused,  a 
l>art  of  the  fluid  being  used  up,  while  the  corpuscles  remain  unchanged  for  a  considerable  time. 
There  is  a  remarkable  increase  in  the  number  of  blood-corpuscles  (to  8 '82  millions  ])cr  cubic 
millimetre)  in  certain  severe  cardiac  affections  where  there  is  great  congestion,  and  nmch  water 
transudes  through  the  vessels.  In  cases  of  hemiplegia,  for  the  same  reason,  the  number  of 
corpuscles  is  greater  on  the  paralysed  congested  side  (l^ensoldt).  After  diarrhaa,  which  dimin- 
ishes the  water  of  the  blooil,  there  is  also  an  increase  (Brouardel),  and  the  same  is  the  case  after 
pi  ofuse  sweating  and  polyuria.  Drugs  (alcohol,  chloral,  aniyl  nitrite)  which  act  on  the  blood- 
vessels affect  the  number  of  cori)uscles  ;  during  contraction  of  the  blood-vessels  their  number 
increiises,  during  dilatation  they  diminish  in  number  {Andreesen).  There  is  a  temporary  increase 
in  the  hitmatoblasts  as  a  reparative  process  after  severe  haemorrhage  (§7),  or  after  acute  diseases. 
In  cachectic  conditions  this  increase  continues,  owing  to  the  diminished  non-conversion  of  these 
corpuscles  into  red  corpuscles.  In  the  last  stages  of  cachexia  the  number  diminishes  more  and 
more  until  the  formation  of  luematoblasts  ceases  {Haijcn). 

(5)  Plethora  hyperalbuminosa  is  a  term  applied  to  the  increase  of  albumins  in  the  plasma, 
such  as  occurs  after  taking  a  large  amount  of  food.  A  similar  condition  is  produced  by  trans- 
fusing the  serum  of  the  same  species,  whereby,  at  the  same  time,  the  urea  is  increased.  Injec- 
tion of  egg-albumin  produces  albuminuria  {Stokvis,  Lehmann). 

[The  subcutaneous  injection  of  human  blood  has  been  practised  with  good  results  in  anaemia 
{v.  Ziemsscii).  When  detibrinated  huvian  blood  is  injected  subcutaneously,  while  its  passage 
into  the  circulation  is  aided  by  massage,  it  causes  neither  pain  nor  inflammation,  but  the  blood 
of  aninuds,  and  a  solution  of  haimoglobin,  always  induce  abscess  [Benczur).  Blood  is  also 
rapidly  absorbed  when  injected  in  small  amount  into  the  res[)iratory  passages.] 

Mellitsemia. — The  sugar  in  the  blood  is  partly  given  oif  by  the  urine,  and  in  "diabetes 
meUitus  "  1  kilo.  (2 "2  lbs.)  may  be  given  olf  daily,  when  the  quantity  of  urine  may  rise  to  25 
kilos.  To  replace  this  loss  of  grape-sugar  a  large  amount  of  food  and  drink  is  reipiired,  whereby 
the  urea  may  be  increased  threefold.  The  increased  production  of  sugar  causes  an  increased 
decomposition  of  albuminous  tissues  ;  hence  the  urea  is  always  increased,  even  though  the  supply 
of  albumin  be  insutficicnt.  The  patient  loses  flesh  ;  all  the  glands,  and  even  the  testicles,  atroi)hy 
or  degenerate  (pulmonary  j)hthisis  is  common)  ;  the  skin  and  bones  become  thinner  ;  the 
nervous  systena  holds  out  longest.  The  teeth  become  carious  on  account  of  the  acid  saliva,  the 
crystalline  lens  becomes  turbid  from  the  amount  of  sugar  in  the  fluid  of  the  eye  which  extracts 
water  from  the  lens,  and  wounds  heal  badly  because  of  the  abnormal  condition  of  the  blood. 
Absence  of  all  carbohydrates  in  the  food  causes  a  diminution  of  the  sugar  in  the  blood,  but 
does  not  cause  it  to  disappear  entirely.  [The  sugar  in  the  blood  is  also  increased  after  the 
inhalation  of  chloroform  or  amyl  nitrite,  and  after  the  use  of  curara,  nitro-benzole,  and  chloral 
(§  175).]  An  excessive  amount  of  inosite  has  been  found  in  the  blood  and  urine  (§  267,  con- 
stituting mellituria  inosita  ( Vohl). 

Lipsemia,  or  an  increase  of  the  Fat  in  the  Blood,  occurs  after  every  meal  rich  in  fat  {e.g.,  in 
sucking  kittens),  so  that  the  serum  may  become  turbid  like  milk.  Pathologically,  this  occurs 
in  a  high  degree  in  drunkards  and  in  corpulent  individuals.  When  there  is  great  decomposi- 
tion of  albumin  in  the  body  (and  therefore  in  very  severe  diseases),  the  fat  in  the  blood  increases, 
and  this  also  takes  place  after  a  liberal  supply  of  easily  decomposable  carbohydrates  and  much 
fat. 

After  injuries  to  bones  affecting  the  marrow,  not  unfrequently  fatty  granules  pass  from  the 
marrow  through  the  inijierfect  walls  of  tlie  blood-vessels  into  the  blood-stream.  These  fatty 
particles  may  form  fat  emboli,  e.g.,  in  the  liver  or  lungs,  or  they  may  appear  in  the  urine. 

If  granules  of  cinnabar  or  indigo  are  injected  into  the  blood,  they  are  taken  up  by  the 
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leucocytes,  and  by  them  are  carried  outside  tlie  blood-stream.  The  cells  of  the  splenic  pulp, 
marrow  of  bone,  and  the  liver  also  take  up  these  particles  {Siebel). 

The  salts  remain  very  persistently  in  the  blood.  The  withdrawal  of  common  salt  produces 
albuminuria,  and,  if  all  salts  be  withheld,  paralytic  phenomena  occur  {Forsier).  Over-feeding 
with  salted  food,  such  as  salt  meat,  has  caused  death  through  fatty  degeneration  of  the  tissues, 
especially  of  the  glands.  Withdrawal  of  lime  and  phosphoric  acid  produces  atrophy  and  soften- 
ing of  the  bones.  In  infectious  diseases  and  dropsies  the  salts  of  the  blood  are  often  increased, 
and  diminished  in  inflammation  and  cholera.  [NaCl  is  absent  from  the  urine  in  certain  stages 
of  pneumonia,  and  it  is  a  good  sign  when  the  chlorides  begin  to  return  to  the  urine.]  [In 
scurvy  the  corpuscular  elements  are  diminished  in  amount,  but  we  have  not  precise  information 
as  to  the  salts,  although  this  disease  is  prevented,  in  persons  forced  to  live  upon  preserved  and 
salted  food,  by  a  liberal  use  of  the  salts — especially  potash  salts — of  the  organic  acids,  as  con- 
tained in  lime-juice.  In  gout  the  blood,  during  an  acute  attack,  and  also  in  chronic  gout, 
contains  an  excess  of  uric  acid  {Ga^rod).] 

The  amount  of  fibrin  is  increased  in  inflammations  of  the  lung  and  pleura  [croupous 
pneumonia,  erysipelas],  hence  such  blood  forms  a  criista  phlogistim  (§  27).  In  other  diseases, 
where  decomposition  of  the  blood-corpuscles  occurs,  the  fibrin  is  increased,  perhaps  because  the 
dissolved  red  corpuscles  yield  material  for  the  formation  of  fibrin.  After  repeated  hperaorrhages, 
Sigm.  ilayer  found  an  increase  of  fibrin.  Blood  rich  in  fibrin  is  said  to  coagulate  more  sloioly 
than  when  less  fibrin  is  ]iresent — still  there  are  manj^  exceptions. 

(B)  (I.)  Diminution  of  the  Quantity  of  Blood,  or  its  Individual  Constituents. — (1)  OLigaemia 
vera.  Ansemia,  or  diminution  of  the  quantity  of  blood  as  a  whole,  occurs  whenever  there  is 
hajmorrhage.  Life  is  endangered  in  newly-born  children  when  they  lose  a  few  ounces  of  blood  ; 
in  children  a  year  old,  on  losing  half  a  pouud  ;  and  in  adults,  when  one-half  of  the  total  blood 
is  lost.  Women  bear  loss  of  blood  much  better  than  men.  The  periodical  formation  of  blood 
after  each  menstruation  seems  to  enable  blood  to  be  renewed  more  rapidly  in  their  case.  Stout 
persons,  old  people,  and  children  do  not  bear  the  loss  of  blood  well.  The  more  rapidly  blood 
is  lost,  the  more  dangerous  it  is.  [A  moderate  loss  of  blood  is  soon  made  up,  but  the  fluid  part 
is  more  quickly  restored  than  are  the  corpuscles.] 

Symptoms  of  Loss  of  Blood. — Great  loss  of  blood  is  accompanied  by  general  paleness  and 
coldness  of  the  cutaneous  surface,  increased  oppression,  twitching  of  the  eyeballs,  noises  in  the 
ears  and  vertigo,  loss  of  voice,  great  breathlessness,  stoppage  of  secretions,  coma  ;  dilatation  of 
the  pupils,  involuntary  evacuations  of  urine  and  fteces,  and  lastly,  general  convulsions,  are  sure 
signs  of  death  by  haemorrhage.  In  the  gravest  cases  recovery  is  only  ]iossible  by  means  of 
transfusion.  Animals  can  bear  the  loss  of  one-fourth  of  their  entire  blood  without  the  blood- 
pressure  in  the  arteries  permanently  falling,  because  the  blood-vessels  contract  and  accommodate 
themselves  to  the  smaller  quantity  of  blood  (in  consequence  of  the  stimulation  of  the  vasomotor 
centre  in  the  medulla).  The  loss  of  one-third  of  the  total  blood  diminishes  the  blood-pressure 
considerably  (one-fourth  in  the  carotid  of  the  dog).  If  the  haemorrhage  is  not  such  as  to  cause 
death,  the  fluid  part  of  the  blood  and  the  dissolved  salts  are  restored  by  absorption  from  the 
tissues,  the  blood-pressure  gradually  rises,  and  then  the  albumin  is  restored,  though  a  longer 
time  is  re(piired  for  the  formation  of  red  corpuscles.  At  first,  therefore,  tlie  blood  is  abnormally 
rich  in  Avater  (hydrsemia),  and  at  last  abnormally  poor  in  corpuscles  (oligocythaemia,  hypoglo- 
bulie).  Witli  the  increased  lymph-stream  which  pours  into  the  blood,  the  colourless  corpuscles 
are  considerably  increased  above  normal,  and  during  the  ])eriod  of  restitution  fewer  red  corpuscles 
seem  to  be  used  up  {e.g.,  for  bile). 

After  moderate  bleeding  from  an  artery  in  animals,  Buntzen  observed  that  the  volmnc  of  the 
blood  was  restored  in  several  hours  ;  after  more  severe  hemorrhage  in  24  to  48  hours.  The  red 
blood-corpuscles,  after  a  loss  of  blood  equal  to  1-1  to  4*4  per  cent,  of  the  body-weight,  are 
restored  only  after  7  to  34  days.  The  regeneration  begins  after  24  hours.  During  the  period 
■of  regeneration  the  number  of  the  blood-corpuscles  in  an  early  stage  of  development  is  increased. 
The  newly-formed  corpuscles  contain  less  Hb  than  normal  [Jac.  G.  Ott).  Even  in  man  the 
duration  of  the  period  of  regeneration  depends  upon  the  amount  of  blood  lost  [Lyoji).  The 
amount  of  haemoglobin  is  diminished  nearly  in  proportion  to  the  amount  of  the  h.-umorrhac^e 
{Biz~ozero  and  Salvioli).  ° 

Metabolism  in  Anaemia. — The  condition  of  the  metabolism  within  the  bodies  of  anremic 
persons  is  important.  The  decomposition  of  proteids  is  increased  (the  same  is  the  case  in 
hunger),  hence  the  excretion  of  urea  is  increased  [Bauer).  The  decomposition  of  fats,  on  the 
contrary,  is  diminished,  which  stands  in  relation  with  the  diminution  of  CO.,  "-i'ven  oil 
Anaiiuic  and  clilorotic  persons  put  on  fat  easily.  The  fattening  of  cattle  is  aided  by  occasional 
bleedings  and  by  intercurrent  periods  of  hunger  {Aristotle). 

(2)  An  excessive  thickening  of  the  blood  through  loss  of  water  is  called  Oligemia  sicca 
This  occurs  in  man  after  copious  watery  evacuations,  as  in  cholera,  so  that  the  thick  tarry 
blood  stagnates  in  the  vessels.    Perhaps  a  similar  condition— though  to  a  less  decnee— may 
exist  after  very  copious  perspiration.  ° 

(3)  If  the  proteids  in  blood  be  abnormally  diminished  the  condition  is  called  Oligfemia 
hypalbuminosa ;  they  may  be  diminished  about  one-half.    They  are  usually  replaced  by  au 
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excess  of  water  in  tlie  blood  [so  tliat  the  blood  is  waterv,  constituting  hydraemia].  Loss 
of  albumin  from  the  blood  is  caused  directly  by  albuminuria  (25  grams  of  albumin  maybe 
given  otf  by  the  urine  daily),  persistent  suppuration,  great  loss  of  milk,  extensive  cutaneous 
ulceration,  albuminous  diarrhoea  (ilysentery).  Frequent  and  copious  luemorrliages,  however, 
by  increasing  the  absorption  of  water  into  the  vessels,  at  iirst  produce  oligiemia  hyjialbuminosa. 
^  ^For  the  abnormal  changes  of  the  red  and  white  blood-corpuscles,  see  §  10  ;  ior  Hsemophilia, 

[Organisms  in  the  Blood.— The  presence  of  animal  and  vegetable  parasites  in  the  blood  gives 
rise  to  certain  diseases.  Some  of  these,  and  especially  the  vegetable  organisms,  have  the  power 
of  nuiltiplying  in  the  blood.  The  vegetable  forms  belonging  to  the  schizomycetes  are  frequently 
spoken  of  collectively  under  the  title  bacteria.    They  are  classified  by  Cohn  into 

I.  Sphan-obacteria.  III.  Uesmobacteria  )     ,  _  . 

II.  Microbacteria,  exhibit  movements.  IV.   Spirobacteria   \  '^^^^'^^^  movements. 

These  forms  are  shown  in  tig.  23.  The  micrococci  (A)  are  examples  of  I.  ;  while  Bacterium 
termo  (B)  is  an  example  of  II.  In  III.  the  members  are  short  cylindrical  rods,  straiglit 
(Bacillus,  B)ov  wavy  (Vibrio,  C).  Splenic  fever  of  cattle  is  due  to  the  presence  of  Bacillus 
anthracis  (tig.  24).    These  rod-shaped  bodies  under  proper  conditions  divide  transversely  and 


Fig.  24. 


Bacillus  anthracis  from  the  blood  (ox)  in 
splenic  fever. 


Fig.  23. 

A,  micrococcus  ;  B,  bacterium  ;  C.  vibrios  ; 
D,  bacilli ;  E,  spirillum. 

elongate,  but  they  also  fonn  spores  in  their  interior,  which  in  turn  under  appropriate' conditions 
may  germinate  (lig.  24).  Class  IV.  is  represented  by  two  genera,  Spiroclueta  and  Spirillum 
(fig.  23),  the  former  with  close,  and  the  latter  with  open  sjiirals.  The  Spiroclueta  Obermeieri 
(often  spoken  of  as  "Spirillum")  is  present  in  the  blood  during  the  paroxysms  in  persons 
suffering  from  relajising  fever.  Amongst  animal  parasites  are  Filaria  sanguinis,  and  Bilharzia 
Hiomatobia,  which  occurs  in  the  portal  vein  and  in  the  veins  of  the  urinary  apparatus.] 
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42.  GENERAL  VIEW. — The  blood  within  the  vessels  is  in  a  state  of  continual 
motion,  being  carried  from  the  ventricles  by  the  large  arteries  (aorta  and  pulmonary) 


and  their  branches  to  the  system  of  capillary 
vessels,  from  which  again  it  passes  into  the  veins 
that  end  in  the  atria  of  the  auricles  (IF.  Harvey, 
1628). 

The  cause  of  the  circulation  is  the  difference  of 
'pressure  which  exists  between  the  blood  in  the 
aorta  and  pulmonary  artery  on  the  one  hand,  and 
the  two  ven«  cavse  and  the  four  pulmonary  veins 
on  the  other.  The  blood,  of  course,  moves  con- 
tinually in  its  closed  tubular  system  in  the  direction 
of  least  resistance.  The  greater  the  difference  of 
pressure,  the  more  rapid  the  movement  will  be. 
The  cessation  of  the  difference  of  pressure  (as  after 
death)  naturally  brings  the  movement  to  a  stand- 
still (§  81).  The  circulation  is  usually  divided 
into — 

(1)  The  greater,  or  systemic  circulation, 

which  includes  the  course  of  the  blood  from  the 
left  auricle  and  left  ventricle,  through  the  aorta  and 
all  its  branches,  the  capillaries  of  the  body  and  the 
veins,  until  the  two  vense  cavse  terminate  in  the 
right  auricle. 

(2)  The  lesser,  or  pulmonic  circulation,  which 
includes  the  course  from  the  right  auricle  and  right 
ventricle,  the  pulmonary  artery,  the  pulmonary 
capillaries,  and  the  four  pulmonary  veins  springing 
from  them,  until  these  open  into  the  left  auricle. 

(3)  The  portal  circulation  is  sometimes  spoken 
of  as  a  special  circulatory  system,  although  it  repre- 
sents only  a  second  set  of  capillaries  (within  the 
liver)  introduced  into  the  course  of  a  venous  trunk. 
It  consists  of  the  vena  portarum — formed  by  the 
union  of  the  intestinal  or  mesenteric  and  splenic 
veins,  and  it  passes  into  the  liver,  where  it  divides 
into  capillaries,  from  which  the  hepatic  veins  arise. 
The  hepatic  vein  joins  the  inferior  vena  cava. 

Strictly  speaking,  however,  there  is  no  special  portal  circulation.  Similar  arrangements 
occur  in  other  animals  in  different  organs,  e.g.,  snakes  have  such  a  system  in  their  supra-renal 


Scheme  of  the  circulation.  — a,  right, 
h,  left  auricle  ;  A,  right,  B,  left 
ventricle  ;  1,  pulmonary  artery  ; 
2,  aorta  ;  I,  area  of  pulmonary,  K, 
area  of  systemic  circulation  ;  o,  the 
superior  vena  cava;  G,  area  sup- 
plying the  inferior  vena  cava,  u  ; 
d,  d,  intestine ;  m,  mesenteric 
artery  ;  q,  portal  vein  ;  L,  liver ; 
h,  hepatic  vein. 
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capsules,  and  the  frog  in  its  kidnej^s.  When  an  artery  splits  up  into  fine  branches  during  its 
course,  and  these  branches  do  not  form  capillaries,  but  reunite  into  an  arterial  trunk,  a  rete 
mirabile  is  formed,  such  as  occurs  in  apes  and  the  edentata.  Microscopic  retia  mirabilia  exist 
in  the  human  mesentery  (Schobl).  Similar  arrangements  may  exist  in  couuectiou  with  veins, 
giving  rise  to  venous  retia  mirabilia. 

^  43.  THE  HEART.— The  muscular  fibres  of  the  mammalian  heart  consist  of  short  (50  to 
70  ^  in  man),  very  tine,  transversely  striated  fibres,  which  are  actual  unicellular  elements,  devoid 
of  a  sarcolemnia  (15  to  25  fx  broad),  and  usually  divided  at  their  blunt  ends,  by  which  means  they 
anastomose  and  form  a  network  (fig.  26,  A,  B).    The  individual  muscle-cells  contain  in  their 


Fig.  26. 

A,  muscular  fibres  from  the  heart  of  a  mammal,  and  C  from  a  frog  ;  13,  transverse  section  of  the 
cardiac  fibres ;  b,  connective-tissue  corpuscles  ;  c,  capillaries. 

centre  an  oval  nucleus,  and  are  hekl  together  by  a  cement  which  is  blackened  by  silver  nitrate, 
and  dissolved  by  a  33  per  cent,  solution  of  caustic  potash.  This  cement  is  also  dissolved 
by  a  40  per  cent,  solution  of  nitric  acid.  The  transverse  strife  are  not  very  distinct, 
and  not  unfrequently  there  is  an  appearance  of  longitudinal  striation,  produced  by  a 
number  of  very  small  granules  arranged  in  rows  within  the  fibres.  The  fibres  are  gathered 
lengthwise  in  bundles,  or  fasciculi,  surrounded  and  separated  from  each  other  by  delicate 
processes  of  the  perimysium.  When  the  connective-tissue  is  dissolved  by  prolonged  boiling, 
these  bundles  can  be  isolated,  and  constitute  the  so-called  "fibres"  of  the  heart.  The 
transverse  sections  of  the  bundles  in  the  auricles  are  polygonal  or  rounded,  while  in  the 
ventricles  they  are  somewhat  flattened.  [The  muscular  mass  of  tlie  heart  is  called  the 
myocardium,  and  is  invested  by  fibrous  tissue.  It  is  imjjortant  to  notice  that  the  connective- 
tissue  of  the  visceral  pericardium  (epicardium)  is  continuous  with  that  of  the  endocardium  by 
means  of  the  perimysium  surrounding  the  bundles  of  muscular  fibres.]  The  fine  spaces  which 
exist  between  these  bundles  form  narrow  lacunie,  lined  with  epithelium,  and  constituting  part 
of  the  lymphatic  system  of  the  heart. 

[The  cardiac  muscular  fibres  occupy  an  intermediate  position  between  striped  and  plain 
muscular  fibres.  Although  they  are  striped,  they  are  involuntary,  not  being  directly  under  the 
influence  of  the  will,  while  they  contract  more  slowly  than  a  voluntary  muscle  of  the  skeleton.] 
In  the  frog's  heart  the  muscular  fibres  are  in  shape  elongated  spiiulles,  or  fusiform,  in  this 
respect  resembling  the  \Aa.m  muscle-cells,  but  they  are  transversely  striped  (fig.  2(5,  C).  They 
are  easily  isolated  by  means  of  a  33  per  cent,  solution  of  potash  or  dilute;  alcohol. 

44.  ARRANGEMENT  OF  THE  CARDIAC  MUSCULAR  FIBRES.— The 

study  of  the  embryonic  heart  is  the  key  to  a  proper  understanding  of  the  coni[)licated 
arrangement  of  the  fibres  in  the  adult  heart.  The  simple  tubular  heart  of  the 
embryo  has  an  outer  circular  and  an  inner  longitudinal  layer  of  fibres.  The  septum 
is  formed  later  ;  hence,  it  is  clear  that  a  part,  at  least,  of  the  fibres  must  be 
common  to  the  two  auricles,  and  a  part  also  to  the  two  ventricles,  since  there  is, 
originally,  but  one  chamber  in  the  heart.  The  muscular  fibres  of  the  auricles  are, 
however,  completely  separated  from  those  of  the  ventricles  by  the  fibro-cartilaginous 
rings.  In  the  auricles  the  fundamental  arrangement  of  the  embryonic  fibres  partly 
remains,  while  in  the  ventricles  it  becomes  obscured  as  the  cavities  undergo  a  sac- 
like dilatation,  and  also  become  twisted  in  a  spiral  manner. 
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AliKANGEMENT  OF  THE  CAKDIAC  MUSCULAR  FIBliES. 


(1)  The  muscular  fibres  in  the  auricles  are  completely  separated  from  the  fibres 
of  the  ventricles  by  the  fibroufi  rings  which  surround  the  auriculo- ventricular  orifices, 
and  which  serve  as  an  attachment  for  the  auriculo-ventricular  valves  (fig.  27,  I). 
The  auricles  are  much  thinner  than  the  ventricles,  and  their  fibres  are  generally 
arrano-ed  in  two  layers ;  the  outer  transverse  layer  is  continuous  over  both  auricles, 
whilst  the  inner  one  is  directed  longitudinally.  The  outer  transverse  fibres  may  be 
traced  from  the  openings  of  the  venous  trunks  anteriorly  and  posteriorly  over  the 
auricular  walls.  The  longitudinal  fibres  are  specially  well  marked  where  they  are 
inserted  into  the  fibro-cartilaginous  rings,  while  in  some  parts  of  the  anterior 
auricular  wall  they  are  not  continuous.  In  the  auricular  septum,  some  fibres, 
circularly  disposed  around  the  fossa  ovalis  (formerly  the  embryonic  opening  of  the 
foramen  ovale),  are  well  marked.  Circular  hands  of  striped  muscle  exist  around 
the  veins  where  they  open  into  the  heart ;  these  are  least  marked  on  the  inferior 
vena  cava,  and  are  stronger  and  reach  higher  (2-5  cm.)  on  the  superior,  vena  cava 
(fig.  27,  II).  Similar  fibres  exist  around  the  pulmonary  veins,  where  they  join  the 
left  auricle,  and  these  fibres  (which  are  arranged  as  an  inner  circular  and  an  outer 
longitudinal  layer)  can  be  traced  to  the  hilus  of  the  lung  in  man  and  some 


I.  Course  of  the  muscular  fibres  on  the  left  auricle  with  the  outer  transverse  and  inner  longi- 
tudinal fibres,  the  circular  fibres  on  the  pulmonary  veins  {v.  ;  V,  the  left  ventricle  {Jolm 
Keid).  II.  Arrangement  of  the  stri])ed  muscular  fibres  on  the  superior  vena  cava  {Elisclicr) 
— a,  opening  of  vena  azygos  ;  v,  auricle. 


mammals  ;  in  the  ape  and  rat  they  extend  on  the  pulmonary  veins  right  into  the 
lung.  In  the  mouse  and  bat,  again,  the  striped  muscular  fibres  pass  so  far  into 
the  lungs  that  the  walls  of  the  smaller  veins  are  largely  composed  of  striped  muscle 
{Stieda). 

Circular  muscular  fibres  are  found  where  the  vena  magna  cordis  enters  the  heart, 
and  in  the  Valmda  Thehesii  which  guards  it. 

Physiological  Significance. — (1)  The  auricles  contract  independent  I  y  of  the 
ventricles.  This  is  seen  when  the  heart  is  about  to  die  ;  when  there  may  be  several 
auricular  contractions  for  one  ventricular,  and  at  last  only  the  auricles  pulsate. 
The  auricular  portion  of  the  right  auricle  beats  longest ;  hence  it  is  called  the 
"  ultimum  moriens."  Independent  rhythmical  contractions  of  the  venai  cavae  and 
pulmonary  veins  are  often  noticed  after  the  heart  has  ceased  to  beat.  [This  beating 
can  also  be  observed  in  those  veins  in  a  rabbit  after  the  heart  is  cut  out  of  the 
body.] 

(2)  The  double  arrangement  of  the  fibres  (transverse  and  longitudinal)  produces 
a  simultaneous  and  uniform  diminution  of  the  auricular  cavity  (such  as  occurs  in 
most  of  the  hollow  viscera). 

(3)  The  contraction  of  the  circular  muscular  fibres  around  the  venous  orifices, 
and  the  subsequent  contraction  of  the  auricle,  cause  these  veins  to  empty  themselves 
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into  the  auricle ;  and  by  their  presence  and  action  they  prevent  any  large  quantity 
of  blood  from  passing  backward  into  the  veins  when  the  auricle  contracts.  [No 
valves  are  present  in  the  superior  and  inferior  vena  cava  in  the  adult  heart,  or  in 
the  pulmonary  veins,  hence  the  contraction  of  these  circular  muscular  fibres  plays 
an  important  part  in  preventing  any  reflux  of  blood  during  the  contraction  of  the 
auricles.] 

45.  ARRANGEMENT  OF  THE  VENTRICULAR  FIBRES.— (2)  The 
muscular  fibres  in  the  thick  wall  of  the  ventricles  are  arranged  in  several  layers 
(fig.  28,  A)  under  the  pericardium.  First,  there  is  an  outer  longitudinal  layer  (A) 
which  is  in  the  form  of  single  bundles  on  the  right  ventricle,  but  forms  a  complete 
layer  on  the  left  ventricle,  where  it  measures  about  one-eighth  of  the  thickness  of 
the  ventricular  wall.  A  xpcond  longitudinal  layer  of  fibres  lies  on  the  inne)-  surface 
of  the  ventricles,  distinctly  visible  at  the  orifices,  and  within  the  vertically  placed 
papillary  muscles,  whilst  elsewhere  it  is  replaced  by  the  irregularly  arranged 
trabeculaj  carnese.  Between  these  two  layers  there  lies  the  thickest  layer,  consisting 
of  more  or  less  tramverselij  arranged  bundles,  which  may  be  broken  up  into  single 
layers  more  or  less  circularly  disposed.  The  deep  lymphatic  vessels  run  between  the 
layers,  whilst  the  hlood-vessels  lie  within  the  substance  of  the  layers,  and  are  sur- 
rounded by  the  primitive  bundles  of  muscular  fibres.  All  three  layers  are  not 
completely  independent  of  each  other;  on  the  contrary,  the  fibres  which  run 
obliqueli/  form  a  gradual  transition  between  the  transverse  layers  and  the  inner  and 
outer  longitudinal  layers.    It  is  not,  however,  quite  correct  to  assume  that  the 


A 


jy^  Fig.  28. 

Course  ul  ilie  \  (  utricular  muscular  fibres.  A,  on  the  anterior  surface  ;  B,  view  of  the  apex  with 
the  vortex  ;  C,  course  of  tlie  fibres  within  the  ventricular  wall  ;  D,  fibres  passing  into  a 
papillary  muscle. 


outer  longitudinal  layer  gradually  passes  into  the  transverse,  and  this  again  into 
the  inner  longitudinal  layer  (as  is  shown  schematically  in  C)  ;  because,  as  Henle 
pointed  out,  the  transverse  fibres  are  relatively  far  greater  in  amount.  In  general, 
the  Older  longitudinal  fibres  are  so  arranged  as  to  cross  the  inner  longitudinal  layer 
at  an  acute  angle.  The  transverse  layers  lying  between  these  two  form  gradual 
transitions  between  these  directions.  At  the  apex  of  the  left  ventriclfe,  the  outer 
longitudinal  fibres  bend  or  curve  so  as  to  meet  at  the  so-called  vortex  B,  where  they 
enter  the  muscular  substance,  and,  taking  an  upward  and  inward  direction,  reach 
the  papillary  muscles,  P,  D  ;  although  it  is  a  mistake  to  say  that  all  the  bundles 
which  ascend  to  the  papillary  muscles  arise  from  the  vertical  fibres  of  the  outer 
surface  :  many  seem  to  arise  independently  within  the  ventricular  wall.  According 
to  Henle,  all  the  external  longitudinal  fibres  do  not  arise  from  the  fibrous  rings  or 
the  roots  of  the  arteries.  The  mitral  orifice  is  surrounded  by  circular  fibres  which 
act  like  a  sphincter  {Henle), 
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PERICARDIUM,  ENDOCARDIUM,  VALVES. 


[Tlie  assumption  that  tlio  muscles  of  tlie  ventricle  are  arranged  ao  as  to  form  a  figure  of  8,  or 
in  loops,  seems  to  be  incorrect ;  thus,  libres  are  said  to  arise  at  the  base  of  the  ventricle,  to  pass 
over  it,  and  to  reach  the  vortex,  where  they  pass  into  the  interior  of  the  muscular  substance,  to 
end  either  in  the  ])apillary  muscles  or  high  uj)  on  the  inner  surface  of  the  heart  at  its  base. 
Figs.  C  and  D  give  a  schematic  representation  of  this  view.] 

Only  the  general  arrangement  of  the  ventricular  muscular  fibres  has  been  indicated.  Accord- 
ing to  Pettigrew,  there  are  seven  layers  in  the  ventricle,  viz.,  three  external,  a  fourth  or 
central  layer,  and  three  internal.  These  internal  layers  are  continuous  with  the  corresponding 
external  layers  at  the  apex,  thus — one  and  seven,  two  and  six. 


46. 

Invers 


PEBICARDIUM,  ENDOCARDIUM,  VALVES.— The  pericardium  encloses  within  its  two 


[visceral  and  parietal]  a  lymph  space- 


the  pericardial  space — which  contains  a  small 
quantity  of  lymph — the  pericardial  fluid.  It 
has  the  structure  of  a  serous  membrane,  i.e., 
it  consists  of  connective -tissue  mixed  with  fiiie 
clastic  fibres  arranged  in  the  form  of  a  thin 
delicate  membrane,  and  covered  on  its  free 
surfaces  with  a  single  layer  of  epithelium  or 
endothelium,  composed  of  irregular,  polygonal, 
flat  cells.  A  rich  lymphatic  network  lies  under 
the  pericardium  (fig.  29)  and  endocardium  ; 
also  in  the  deeper  layers  of  the  visceral  peri- 
cardium next  the  heart  and  between  muscular 
bundles  {Salvioli).  No  stomata  exist  either 
on  its  visceral  or  parietal  layers.  Around  the 
coronary  arteries  of  the  heart  exist  lymph- 
vessels  and  deposits  of  fat,  which  lie  in  the 
furrows  and  grooves  in  the  suhserosa  of  the 
cpicarcliiim  (visceral  layer). 

The  endocardium,  next  the  cavity  of  the 
heart,  consists  of  a  single  layer  of  polygonal, 
flat,  nucleated  endothelial  cells.    [Under  this 


Lymphatic  of  the  pericardium,  epithelium  stained  there  is  a  nearly  homogeneous  hyaline  layer 


with  nitrate  of  silver. 


(fig.  30,  «),  slightly  thicker  on  the  left  side, 


which  gives  the  endocardium  its  polished 
appearance.]  Then  follows,  as  the  basis  of  the  membrane,  a  layer  of  fi'ne  clastic  fibres — stronger 
in  the  auricles,  and  in  some  places  thereof  assuming  the  characters  of  a  fenestrated  membrane. 

Between  these  fibres  a  small  quantity  of 
connective-tissue  exists,  which  is  in  larger 
amount  and  more  areolar  in  its  characters 
next  the  myocardium.  Bundles  of  non- 
striped  muscular  fibres  (few  in  the  auricles) 
are  scattered  and  arranged  for  the  most 
part  longitudinally  between  the  elastic 
fibres.  These  seem  evidently  meant  to 
resist  the  distention  which  is  apt  to  occur 
when  the  heart  contracts  and  great  pres- 
sure is  put  upon  the  endocardium.  In  all 
cases  where  high  pressure  is  put  upon  walls 
composed  of  soft  parts,  we  always  find 
muscular  fibres  present,  and  never  elastic 
fibres  alone.  No  blood-vessels  occur  in  the 
endocardium  {Langer). 

The  valves  also  belong  to  the 
endocardium — both  the  semi-lunar 


Fig. 


30. 


a,  hyaline  layer  ;  b, 
fibres  ;  c,  network  of 
d,  myocardium  with 


Section  of  the  endocardium, 
network  of  fine  elastic 
stronger  elastic  fibres  ;  , 
blood-vessels,  which  do  not  pass  into  the  endo 
cardium. 

valves  of  the  aorta  and  pulmonary 
artery,  which  prevent  the  blood  from  passing  back  into  the  ventricles,  and  the 
tricuspid  {right  auriculo-ventricular)  and  mitral  {left  auriculo-ventricular)  which 
protect  the  auricles  from  the  same  result.  The  lower  vertebrata  have  valve's  in  the 
orifices  of  the  venae  cav?e,  which  prevent  regurgitation  into  them ;  while  in  birds 
and  some  mammals  these  valves  exist  in  a  rudimentary  condition.  The  valves  are 
fixed  by  their  base  to  resistant  .^6rows  rings,  consisting  of  elastic  and  fibrous  tissue 
They  are  formed  of  two  layers— (1)  the  fibrous,  which  is  a  direct  continuation  of 
the  fibrous  rings,  and  (2)  a  layer  of  elastic  elements.  ,  The  elastic  layer  of  the 
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auriculo-ventricular  valves  is  an  immediate  prolongation  of  the  endocaTdium  of  the 
auricles,  and  is  directed  towards  the  auricles.  The  semi-lunar  valves  have  a  thin 
elastic  layer  directed  towards  the  arteries,  which  is  thickest  at  their  base.  The 
connective-tissue  layer  directed  towards  the  ventricle  is  about  half  the  thickness 
of  the  valve  itself. 

The  auriculo-ventricular  valves  also  contain  striped  muscular  fibres.  Kadiating 
fibres  pi'oceed  from  the  auricles  and  pass  into  the  valves,  which,  when  the  atria 
contract,  retract  the  valves  towards  their  base,  and  thus  make  a  larger  opening  for 
the  passage  of  the  blood  into  the  ventricles  ;  according  to  Paladino,  they  raise  the 
valves  after  they  have  been  pressed  down  by  the  blood-current.  This  observer  also 
described  some  longitudinal  fibres  which  proceed  from  the  ventricles  to  enter  these 
valves.  There  is  also  a  concentric  layer  of  fibres  arranged  near  their  point  of 
attachment,  and  directed  more  towards  their  ventricular  surface.  These  fibres 
seem  to  contract  sphincter-like  when  the  ventricle  contracts,  and  thus  approximate 
the  base  of  the  valves,  and  so  prevent  too  great  tension  being  put  upon  them.  The 
larger  chordfe  tendineae  also  contain  striped  muscle,  while  a  delicate  muscular 
network  exists  in  the  valvula  Thebesii  and  valvula  Eustachii. 

Purkinje's  Fibres  consist  of  an  anastomosing  system  of  greyish  fibres  which  exist  in  the  sub- 
endocardial tissue  of  the  ventricles,  especially  in  the  heart  of  the  sheep  and  ox.  The  fibres  are 
made  up  of  polyhedral  clear  cells,  containing  some  granular  protoplasm,  and  usually  two  nuclei 
(fig.  31).  The  margins  of  the  cells  are  striated.  Transition-forms  are  found  between  these  cells 
and  the  ordinary  cardiac  fibres  ;  in 
fact,  these  cells  become  continuous 
with  the  true  fully  developed  cardiac 
fibres.  They  represent  cells  which 
liave  been  arrested  in  their  develop- 
ment. They  are  absent  in  man  and 
the  lower  vertebrates,  but  in  birds  and 
some  mammals  tlicy  are  well  marked 
{Sc/iu-cigr/er-Scidel,  Eanvier). 

Blood- Vessels  occur  in  the  auriculo- 
ventricular  valves  only  where  muscular 
fibres  are  present,  while  the  semi-lunar 
valves  are  usually  devoid  of  vessels 
except  at  their  base.  The  best  figures 
of  the  blood-vessels  of  the  valves  are 
given  by  Langer.  The  network  of 
lymphatics  in  the  endocardium  reaches  Fi".  31. 

towards  the  middle  of  the  valves.         -n    ^  •  •  '  c\       ■    ^  l  ^  "i.!  ti  j.     i    i.  i  n  j- 

Weight  of  the  Heart. -According  Purkmje  s  fibres  isolated  with  dilute  alcohol,  c,  cell  ;  y, 
to  W.  iMuUer  the  proportion  betweeS  _  ^t™*^^  substance  ;  n,  nucleus,    x  300. 

the  weiglit  of  the  body  and  the  heart  in  the  child,  and  until  the  body  reaches  40  kilos.,  is  5 
grms.  of  lieart-substance  to  1  kilo,  of  body-weight ;  when  the  body-weight  is  from  50  to  90 
kilos,  the  ratio  is  1  kilo,  to  4  grms.  of  heart-substance  ;  at  100  kilos.  3*5  grms.  As  age  advances, 
the  auricles  become  stronger.  The  right  ventricle  is  half  the  weight  of  the  left.  The  weight 
of  the  heart  of  an  adult  man  is  about  309  grms. ;  female,  274  grms.  [According  to  Laennec  the 
heart  is  about  the  size  of  the  closed  fist  of  the  individual.]  Blosfeld  and  Dieberg  give  346  grins, 
for  the  male,  and  310  to  340  grms.  for  tlie  female  heart.  The  siKcific  gravity  of  the  heart- 
muscle  is  1"069.  The  thickness  of  the  left  ventricle  in  the  middle  in  man  is  11  "4  mm.,  and  in 
woman  11  If);  that  of  the  right  is  4"1  and  3 '6  mm.  respectively. 

47.  AUTOMATIC  REGULATION  OF  THE  HEART. —Anatomical  Investigations.— The  two 

coronary  arteries  arise  from  the  first  part  of  the  aorta  m  the  region  of  the  sinus  of  Valsalva.  The 
position  of  origin  varies — (1)  either  the  orifices  lie  within  the  sinus,  or  (2)  their  openings  are 
only  partially  reached  by  the  margins  of  the  semi-lunar  valves  (which  is  usicalhj  the  case  in  the 
Zg/?" coronary  artery  of  man  and  the  ox),  or  (3)  their  orifices  lie  clear  above  the  margins  of  the 
valves.  Post-mortem  observations  seem  to  show  that  during  contraction  of  the  ventricle  it  is 
very  improbable  that  the  semi-lunar  valves  constantly  cover  the  origin  of  the  coronary  arteries. 

Automatic  Eegulation  of  the  Heart. — Briicke  attempted  to  show  that  during 
the  systole,  or  contraction  of  the  ventricle,  the  semi-lunar  valves  covered  the 
openings  of  the  coronary  arteries,  so  that  these  vessels  could  be  filled  with  blood 
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only  during  the  diastole  or  relaxation  of  tlie  ventricle.  To  him  it  seemed  that  (a) 
the  diastolic  filling  of  the  coronary  arteries  would  helji  to  dilate  the  ventricles  ; 
(h)  on  the  contrary,  a  systolic  filling  of  these  arteries  would  oppose  the  contraction, 
because  the  systolic  filling  and  expulsion  of  the  blood  from  the  coronary  arteries 
would  diminish  the  force  of  the  ventricular  contraction.  [To  this  supposed 
arrangement  Briicke  gave  the  name  "  Selbststeuerung,"  which  may  be  rendered  as 
above,  or  as  "  self-controlling  "  action  of  the  heart  by  the  aortic  valves.] 

Arguments  against  Briicke's  View. — The  following  considerations  militate  against  tliis 
theory:— (1)  Filling  the  coronary  vessels  under  u  high  pressure  in  a  dead  heart  causes  a 
diminutioti  of  the  ventricular  cavity  {v.  Wittich).  (2)  The  chief  trunks  of  the  coronary  arteries 
lie  in  loose  sub-pericardial  fatty  tissue  in  the  cardiac  sulci,  hence  a  dilatation  of  the  ventricle 
through  this  agency  is  most  unlikely  {Landois).  (3)  Experiments  on  animals  have  shown  that 
a  coronary  artery  spouts,  like  all  arteries,  during  the  systole  of  the  ventricle.  Von  Ziemsscn 
found  that  in  the  case  of  a  woman  who  had  a  large  part  of  the  anterior  wall  of  the  thorax 
removed  by  an  operation,  the  heart  being  covered  only  by  a  thin  membrane,  the  pulse  in  the 
coronary  arteries  was  synchronous  with  the  pulse  in  the  pulmonary  artery.  H.  N.  IVlartin  and 
Sedgwick  placed  a  manometer  in  connection  with  the  coronary  arteiy,  and  another  with  the 
carotid  in  a  large  dog,  and  they  found  that  the  pulsations  occurred  simuUancoitsly.  When 
a  coronary  artery  is  divided,  the  blood  flows  out  continuously,  but  undergoes  acceleration  during 
the  .systole  of  the  ventricles  {Eiidemann,  Perls).  (4)  If  a  strong  intermittent  current  of  water 
be  allowed  to  flow  through  a  suHiciently  wide  tube  into  the  left  auricle  of  a  fresh  pig's  heart, 
so  that  the  water  passes  into  the  aorta,  and  if  the  aorta  be  provided  with  a  vertical  tube,  the 
water  flows  continuously  from  the  coronary  arteries,  and  is  accelerated  during  the  systole. 
(5)  It  is  exceedingly  improbable  that  the  coronarj'  arteries  should  be  filled  during  the  diastole, 
while  all  the  other  arteries  are  filled  during  systole  of  the  ventricle.  (6)  There  is  always  a 
sufficient  quantity  of  blood  in  the  sinus  of  Valsalva  to  fill  the  arteries  during  the  first  part  of 
the  sj^stole.  (7)  The  valves,  when  raised,  are  not  applied  directly  to  the  aortic  wall  {Hambcrger, 
RiidiiKjcr)  even  bj'^  the  most  energetic  pressure  from  the  ventricle  (Saadhorg  and  Worm  Miiller). 
(8)  Observations  on  voluntary  muscles  have  shown  that  tlie  small  arteries  dilate  during  con- 
traction of  the  muscle,  and  tlie  blood-stream  is  accelerated.  (9)  By  the  s\'stolic  filling  of  the 
aorta  the  arterial  jiath  is  elongated — this  elastic  distention  is  compensated  before  the  diastole 
occurs.  By  the  recoil  of  the  aortic  walls  the  layer  of  blood  in  them  is  driven  backwards  and 
<!loses  the  valves  (Ccradini).  According  to  Sandborg  and  AVorni  Midler,  the  semilunar  valves 
close  just  after  the  ventricles  have  begun  to  relax,  which  agrees  with  the  curve  obtained  from 
the  cardiac  impulse  (fig.  39,  A). 

During  the  systole,  the  small  arterial  trunks  lying  next  the  ventricular  cavities 
have  to  bear  a  higher  pressure  than  that  borne  by  the  aorta,  and  their  lumen  must 
be  compressed  during  the  systole  so  that  their  contents  are  propelled  tow^ards  the 
veins. 

Peculiarities  of  the  Cardiac  Blood-Vessels.— The  capillary  re.tscls  of  the  myocardium  are 
very  numerous,  corresponding  to  the  energetic  activity  of  the  heart.  Where  they  pass  into 
veins,  several  unite  at  once  to  form  a  wide  venous  trunk,  whereby  an  ea.sy  passage  is  ottered  to 
the  blood.  The  veins  are  provided  with  valves  so  that  (1)  during  systole  of  the  right  auricle 
the  venous  stream  is  interrupted  ;  (2)  during  contraction  of  the  ventricles,  the  blood  in  the 
coronary  veins  is  similarly  accelerated  as  in  the  veins  of  muscles.  The  coronary  arteries  are 
characterised  by  their  very  thick  connective-tissue  and  elastic  intima,  which  perhaps  accounts 
for  the  frequent  occurrence  of  atheroma  of  these  vessels  {Hcnlc).  Some  observers  maintain  that 
the  coronary  arteries  do  not  anastomose,  but  this  is  denied  by  Langer  and  Krause.  [West  has 
injected  the  one  artery  from  the  other.]  Many  of  the  small  lower  vertebrates  have  no  blood- 
vessels in  their  heart-muscle,  e.g.,  frog  [Hyrtl). 

Ligature  of  the  Coronary  Arteries.— The  phenomena  produced  by  partial 
obliteration  or  ligature  of  the  coronary  arteries  are  most  important.  In  man 
analogous  conditions  occur,  as  in  atheroma  or  calcification  of  these  arteries.  See 
and  others  have  ligatured  the  coronary  arteries  in  dogs,  and  found  that  after  two 
minutes  the  cardiac  contractions  gave  place  to  twitchings  of  the  muscular  fibres 
and  ultimately  the  heart  ceased  to  beat.  Ligature  of  the  anterior  coronary  artery 
alone,  or  of  both  its  branches,  is  sufficient  to  produce  this  result.  If  the  coronary 
arteries  be  compressed  or  tied  in  a  rabbit  in  the  angle  between  the  bulbus  aortee 
and  the  ventricle,  the  heart's  action  is  soon  weakened,  owing  to  the  sudden  anaemia 
and  to.  the  retention  of  the  decomposition-products  of  the  metabolism  in  the  heart- 
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muscle.  Ligature  of  one  artery  first  affects  the  corresponding  ventricle,  then  the 
other  ventricle,  and,  last  of  all,  the  auricles.  Hence,  compression  of  the  Ipft 
coronary  artery,  (with  simultaneous  artificial  respiration  in  a  curarised  animal), 
causes  slowing  of  the  contractions,  especially  of  the  left  ventricle,  whilst  the  right 
one  at  first  contracts  more  quickly,  and  then,  gradually  its  rhythm  is  slowed. 
The  contractions  of  the  left  ventricle  are  not  only  slowed  but  also  weakened,  whilst 
the  right  pulsates  with  undiminished  force.  Hence  it  follows  that,  as  the  left  half 
of  the  lieart  cannot  expel  the  blood  in  sufficient  quantity,  the  left  auricle  becomes 
filled,  whilst  the  right  ventricle,  not  being  affected,  pumps  blood  into  the  lungs. 
GCdema  of  the  lungs  is  produced  by  the  high  pressure  in  the  pulmonary  circulation, 
which  is  propagated  from  the  right  heart  through  the  pulmonary  vessels  into  the 
left  auricle  {Samuehon  and  Griiiihagen).  According  to  Sig.  Mayer,  protracted 
dyspnoea  causes  the  left  ventricle  to  beat  more  feebly  sooner  than  the  right,  so  that 
the  left  side  of  the  heart  becomes  congested.  Perhaps  this  may  explain  the 
occurrence  of  pulmonary  oedema  during  the  death-agony. 

Cohnheim  and  v.  Schnlthess-Rcchbcrg  found,  after  ligature  of  one  of  the  large  branches  of  a 
coronary  artery  in  a  dog,  that  at  the  end  of  a  minute  the  pulsations  become  intermittent. 
This  intcrmittence  becomes  more  pronounced,  the  two  sides  of  the  heart  do  not  conti-act 
simultaneously  (arhythmia),  the  heart  beats  more  slowly,  and  the  blood-pressure  falls. 
Suddenly,  about  105  seconds  after  the  ligature  is  applied,  both  ventricles  cease  to  beat,  and 
there  is  a  great  fall  of  the  blood-pressure.  After  an  arrest  lasting  for  10  to  20  seconds, 
twitching  movements  occur  in  the  ventricles,  while  the  auricles  pulsate  regularly,  and  maj^ 
continue  to  do  so  for  many  nunutes,  but  the  ventricles  cease  to  beat  altogether  after  50  seconds. 
According  to  Lukjanow,  there  is  a  peristaltic  condition  w'hich  operates  upwards  and  downwards, 
and  occurs  in  the  period  between  the  regular  contraction  and  the  twitching  vibratory  move- 
nieiit.    Stimulation  of  the  vagus  does  not  arrest  these  peristaltic  movements. 

Pathological.— In  so-called  sclerosis  of  the  coronaiy  arteries  in  old  age,  there  are  attacks  of 
diminished  cardiac  activity,  weakness  of  the  heart,  an  altered  rhythm  and  freipiency,  with 
consequent  breathlessness  ;  tliere  may  also  be  loss  of  consciousness,  congestions,  and  attacks 
of  pulmonary  cedema.  Death  maj-  take  place  unexpectedly  from  sudden  arrest  of  the  heart's 
action. 

48.  MOVEMENTS  OF  THE  HEART.— Cardiac  Revolution.— The  movement 
of  the  heart  is  characterised  by  an  alternate  contraction  and  relaxation  of  its  walls. 
The  total  cardiac  movement  is  called  a  "  cardiac  revolution,"  or  a  "  cardiac 
cycle,"  and  consists  of  three  acts — the  contraction  or  systole  of  the  auricles,  the 
contraction  or  systole  of  the  ventricles,  and  the  p<mse  (fig.  50).  During  the  pause, 
the  auricles  and  ventricles  are  relaxed  ;  during  the  contraction  of  the  auricles  the 
ventricles  are  at  rest ;  whilst  during  the  contraction  of  the  ventricles  the  auricles 
are  relaxed.  The  rest  during  the  phase  of  relaxation  is  called  the  diastole.  The 
following  is  the  sequence  of  events  in  the  heart  during  a  cardiac  revolution : — 

(A)  The  blood  flows  into  the  auricles,  and  thus  distends  them  and  the  auricular 
appendices.    This  is  caused  by — 

(1)  The  presstire  of  the  blood  in  the  venae  cavse  (right  side)  and  the  pulmonary 
veins  (left  side)  being  greater  than  the  pressure  in  the  auricles.  (2)  The  elastic 
traction  of  the  lungs  (§  68),  which,  after  complete  systole  of  the  auricles,  pulls 
asunder  the  now  relaxed  and  yielding  auricular  walls.  The  auricular  appendages 
are  also  filled  at  the  same  time,  and  they  act  to  a  certain  extent  as  accessory 
reservoirs  for  the  large  supply  of  blood  streaming  into  the  auricles. 

(B)  The  auricles  contract,  and  we  observe  in  rapid  succession — 

(1)  The  contraction  and  emptying  of  the  auricular  appendix  towards  the  atrium. 
Simultaneously  the  mouths  of  the  veins  become  narrowed,  owing  to  the  contraction 
of  their  circular  muscular  fibres  (more  especially  the  superior  vena  cava  and  the 
pulmonary  veins) ;  (2)  the  auricular  walls  contract  simultaneously  towards  the 
auriculo-ventricular  valves  and  the  venous  orifices,  whereby  (3)  the  blood  is 
driven  into  the  relaxed  ventricles,  which  are  considerably  distended  thereby. 

The  contraction  of  the  auricles  is  followed  by 
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(a)  A  slicrht  stagnation  of  the  blood  in  tlie  large  venous  trunks,  as  can  be 
observed  in^'a  rabbit  after  division  of  the  pectoral  muscles  so  as  to  expose  the 
iunction  of  the  jugular  with  the  subclavian  vein.  There  is  no  actual  regurgitation 
of  the  blood  but  only  a  partial  interruption  of  the  inflow  into  the  auricles,  because 
the  mouths  of  the  veins  are  contracted,  and  the  pressure  in  the  superior  vena  cava 
and  i)ulmonary  veins  soon  holds  in  equilibrium  any  reflux  of  blood  ;  and  lastly, 
because  any  reflux  into  the  cardiac  veins  is  prevented  by  valves.    The  movement 


Fig.  32. 

Cast  of  the  ventricles  of  the  human  heart  viewed  from  heJiind  and  above  ;  the  walls  have  been 
removed,  and  only  the  fibrous  rings  and  the  auriculo-ventricular  valves  are  retained.  L, 
left,  R,  right  ventricle  ;  S,  septum  ;  F,  left  fibrous  ring,  with  mitral  valve  closed  ;  D, 
right  fibrous  ring,  with  tricuspid  closed  ;  A,  aorta,  with  the  left  {Cj)  and  right  (C)  coronary 
arteries ;  S,  sinus  of  Valsalva  ;  P,  pulmonary  artery. 

of  the  heart  causes  a  regular  pulsatile  phenomenon  in  the  blood  of  the  venai  cavae, 
which  under  abnormal  circumstances  may  produce  a  venous  pulse  (see  §  99). 

(b)  The  chief  motor  effect  of  the  contraction  of  the  auricles  is  the  dilatation  of 
the  relaxed  ventricle,  which  has  already  been  dilated  to  a  slight  extent  by  the 
elastic  traction  of  the  lungs. 

Aspiration  of  the  Ventricles.  — The  dilatation  of  the  ventricles  has  been  ascribed  to  the 
elasticity  of  the  muscular  walls — the  strongly  contracted  ventricular  walls  (like  a  compressed 
india-rubber  bag),  in  virtue  of  their  elasticity,  are  supposed,  in  returning  to  their  normal  resting 
form,  to  suck  in  or  aspirate  the  blood  under  a  negative  pressure  ;  this  power  on  the  part  of  the 
ventricle  is  not  great  (p.  59). 
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(c)  When  the  ventricles  are  distended  by  the  inflowing  blood,  the  anriculo- 
ventricular  valves  are  floated  up,  partly  by  the  recoil  or  reflexion  of  the  blood  from 
the  ventricular  wall,  and  partly  owing  to  their  lighter  specific  gravity,  whereby 
they  easily  float  into  a  more  or  less  horizontal  position.  The  valves  are  also  raised 
to  a  slight  extent  by  the  longitudinal  muscular  fibres,  which  pass  from  the  auricles 
into  the  cusps  of  the  valve. 

(C)  The  ventricles  now  contract,  and  simultaneously  the  auricles  relax, 
whereby — 

(1)  The  muscular  walls  contract  forcibly  from  all  sides,  and  thus  diminish  the 
ventricular  cavity.  (2)  The  blood  is  at  once  pressed  against  the  under  surface  of 
the  auriculo-ventricular  valves,  whose  curved  margins  are  opposed  to  each  other  like 
teeth,  and  are  pressed  hermetically  against  each  other  (fig.  32).  It  is  impossible 
for  the  blood  to  push  the  cusps  backwards  into  the  auricle,  as  the  chordae  tendineae 
hold  fast  their  margins  and  surfaces  like  a  taut  sail.  The  margins  of  the  neigh- 
bouring cusps  are  also  kept  in  apposition,  as  the  chordtB  tendineiB  from  one  papillary 
muscle  always  pass  to  the  adjoining  edges  of  two  cusps.  The  extent  to  which  the 
ventricular  wall  is  shortened  is  compensated  by  the  contraction  of  the  papillary 
muscle,  and  also  of  the  large  muscular  chordae,  so  that  the  cusps  cannot  be  pushed 
into  the  auricle.  When  the  valves  are  closed,  their  surfaces  are  horizontal,  so  that, 
even  when  the  ventricles  are  contracted  to  their  greatest  extent,  there  remains  in 
the  supra -jtnpillary  space  a  small  amount  of  blood  which  is  not  expelled  {Sandhorg 
and  Worm  Midler).  (3)  When  the  pressure  within  the  ventricles  exceeds  that  in 
the  arteries,  the  semi-lunar  valves  are  forced  open  and  stretched  like  a  sail  across 
■the  pocket-like  sinus,  without,  however,  being  directly  applied  to  the  wall  of  the 
arteries  (pulmonary  and  aorta),  and  thus  the  blood  enters  the  arteries. 

(D)  Pause. — As  soon  as  the  ventricular  contraction  ends,  and  the  ventricles 
begin  to  relax,  the  semi-lunar  valves  close  (fig.  33).  The 
diastole  of  the  ventricles  is  followed  by  the  pause. 
Under  normal  circumstances,  the  right  and  left  halves 
of  the  heart  always  contract  or  relax  uniformly  and 
simultaneously. 

Negative  Pressure  in  the  Ventricle. — Goltz  ami  Gaule  foinid 
that  there  was  a  ivyativc  i»'cssHre  ol'  23 '5  mm.  Hg.  (dog)  in  the 
interior  of  the  ventricle  during  a  certain  phase  of  the  heart's 
action.  This  they  determined  by  a  maximal  and  minimal 
manometer.  They  surmised  that  this  phase  coincided  with  the 
diastolic  dilatation,  for  which  they  assumed  a  considerable  power 
of  aspiration.  JMoens  is  of  opinion  that  this  negative  pressure 
within  the  ventricle  obtains  shortly  hv.forc  the.  systole  has  reached 
its  height,  i.e.,  just  before  the  inner  surface  of  the  ventricles  and 
the  valves,  after  tlie  blood  is  expelled,  are  nearly  in  apposition. 
He  explains  this  aspiration  as  being  due  to  the  formation  of  an 
empty  space  in  the  ventricle  caused  by  the  energetic  expulsion 
of  the  blood  through  tlie  aorta  and  pulmonary  artery. 

[Maximum  and  Minimum  Manometer. — Into  the  tube  connecting  the  interior  of  the  ventricle 
of  the  heart  with  the  ordinary  U-shaped  mercury  manometer,  is  introduced  the  maximum 


Fig.  33. 

The  closed  semidunar  valve  ol' 
the  pulmonary  artery  seen 
from  below. 


Fig.  34.  Fig.  35. 

Gaule's  maximum  and  minimum  manometer. 

manometer,  which  is  constructed  on  the  princi]ile  of  a  ball  and  cup  valve  (fig.  34),  the  ball  A 
being  kept  closed  in  B  by  a  spring  C.  To  make  it  a  maximum  manometer  the  end  A  is  con- 
nected with  the  heart,  and  B  with  the  mercurial  manometer  (fig.  35).    When  a  clamp  is  placed 
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on  the  upper  limb  the  valve  is  acted  on  only  at  each  systole  of  the  heart,  blood  is  driven  beyond 
it,  but  (larin<,'  diastole  it  closes  and  no  blood  can  I'eturn.  This  goes  on  until  the  pressure  beyond 
the  valve  in  the  mercury  manometer  is  the  same  as  in  the  heart.  If  the  valve  be  reversed,  it  is 
converted  into  a  minimum  manometei  .] 

49.  PATHOLOGICAL  CARDIAC  ACTION. —Cardiac  Hypertrophy. —All  resistance.'?  to  the 
movement  of  the  blood  through  the  various  chambers  of  the  heart,  and  through  the  vessels  com- 
municating with  it,  cause  a  greater  amount  of  work  to  be  thrown  upon  the  x^ortion  of  the  heart 
specially  related  to  this  part  of  the  circulatory  system  ;  consequently,  there  is  produced  an 
increase  in  the  thickness  of  the  muscular  walls  and  dilatation  of  the  heart.  If  the  resistance  or 
obstacle  does  not  act  upon  one  part  of  the  heart  alone,  but  on  parts  lying  in  the  oniuard  direc- 
tion of  the  blood-stream,  these  parts  al.so  subsequently  undergo  hypertrophy.  If  in  addition 
to  the  muscular  thickening  of  a  ]iart  of  the  heart,  the  cavity  is  simultaneou-slj'  dilated,  it  is 
spoken  of  as  eccentric  hypertrophy  or  hypertrophy  with  dilatation.  The  obstacles  most 
likely  to  occur  in  the  blood-vessels,  are  narrowing  of  the  lumen  or  want  of  elasticity  in  their 
walls;  in  the  heart,  narrowing  of  the  arterial  or  venous  orifices  or  insufficiency  or  incompetency 
of  the  valves.  Incompetency  of  the  valves  forms  an  obstruction  to  the  movement  of  the  blood, 
by  allowing  part  of  the  blood  to  flow  back  or  regurgitate,  thus  throwing  extra  work  upon  the 
heart. 

Thus  arise — (1)  Hypertrophy  of  the  left  ventricle,  owing  to  resistance  in  the  area  of  the 
systemic  circulation,  especiallj'  in  the  arteries  and  capillaries— not  in  the  veins.  Amongst 
the  causes  are — constriction  of  the  orifice  or  other  parts  of  the  aorta,  calcification,  atheroma,  and 
want  of  elasticity  of  the  large  arteries  and  iriegular  dilatations  or  aneurisms  in  their  course  ; 
insufficiency  of  the  aortic  valves,  in  which  case  the  same  pressure  always  obtains  within  the 
ventricle  and  in  the  aorta  ;  and,  lastly,  cirrhosis  of  the  kidneys,  whereby  the  excretion  of  water 
by  these  organs  is  diminished.  Even  in  mitral  insufficiency,  compensatory  hypertrophy  of  the 
left  ventricle  must  occur,  owing  to  the  hypertrophy  of  the  left  atrium  in  consequence  of  the 
increased  blood-pressui'c  in  the  pulmonary  circuit. 

(2)  Hypertrophy  of  the  left  auricle  occurs  in  stenosis  or  constriction  of  the  left  auriculo-ven- 
tricular  orifice,  or  in  insufficiency  of  the  mitral  valve,  and  it  occurs  also  as  a  result  of  aortic 
insufficiencj',  because  the  auricle  has  to  overcome  the  continual  aortic  pressure  within  the 
ventricle. 

(3)  Hypertrophy  of  the  right  ventricle  occurs  («)  when  there  is  resistance  to  the  blood- 
stream through  the  pulmonary  circiiit.  The  resistance  may  be  due  to  (o)  obliteration  of  large 
vascular  areas  in  consequence  of  destruction,  shrinking  or  compression  of  the  lungs,  and  the 
disappearance  of  numerous  capillaries  in  emphysematous  lungs  ;  (/3)  overfilling  of  the 
pulmonary  circuit  with  blood  in  consequence  of  stenosis  of  the  left  auriculo-ventricular  orifice,  or 
mitral  insufficiency — consequent  upon  hypertrophy  of  the  left  auricle  resulting  from  aortic 
insufficiency,  {h)  When  the  valves  of  the  pulmonary  artery  are  insufficient,  thus  permitting 
the  blood  to  flow  back  into  the  ventricle,  so  that  the  pressure  within  the  pulmonary  artery 
prevails  within  the  right  ventricle  (very  rare). 

(4)  Hypertrophy  of  the  right  auricle  occurs  in  consequence  of  the  last-named  condition,  and 
also  from  stenosis  of  the  tricuspid  orifice,  or  insufficiency  of  the  tricuspid  valve  (rare). 

Artificial  Injury  to  the  Valves.— If  the  aortic  valves  are  perforated,  with  or  without 
simultaneous  injury  to  the  mitral  or  tricusjnd  valves,  the  heart  does  more  work;  thus  the 
physical  defect  is  overcome  for  a  time,  so  that  the  blood-pressure  does  not  fall.  The  heart  seems 
to  have  a  store  of  reserve  energy  which  is  called  into  play.  Soon,  however,  dilatation  takes 
place,  on  account  of  the  regurgitation  of  the  blood  into  the  heart.  Hypertrophy  then  occurs, 
but  the  compensation  meanwhile  must  be  obtained  through  the  reserve  energy  of  the  heart 
{0.  Rosenbaclb). 

Impeded  Diastole.— Among  causes  which  hinder  the  diastole  of  the  heart  are— copious  effusion 
into  the  pericardium,  or  the  pressure  of  tumours  upon  the  heart.  The  systole  is  greatly  inter- 
fered with  when  the  heart  is  united  to  the  pericardium  and  to  the  connective-tissue  in  the 
mediastinum.  As  a  consequence  the  connective-tissue,  and  even  the  thoracic  wall,  are  drawn 
in  (luring  contraction  of  the  heart,  so  that  there  is  a  retraction  of  the  region  of  the  apex-beat 
during  .systole,  and  a  protrusion  of  this  part  during  the  diastole. 

[Palpitation  is  a  symptom  indicating  generally  very  rapid  and  quick  action  of  the  heart,  the 
l)ul.sations  often  being  unequal  in  time  and  intensity,  while  the  person  is  generally  conscious  of 
the  irregularity  of  the  cardiac  action.  It  may  be  due  to  some  organic  condition  of  the  heart 
Itself,  especially  where  the  cardiac  muscles  are  weak,  in  cases  of  dilatation  and  hypertrophy  of 
the  left  ventricle,  where  the  heart  is  gradually  becoming  unable  to  overcome  the  resistances  offered 
to  its  work,  and  especially  during  exertion  when  the  heart  is  taxed  above  its  strength  It  may 
also  occur  where  the  blood-pressure  is  low,  as  in  anremia,  so  that  the  heart  contracts  quickly 
there  being  little  resistance  opposed  to  its  action.  The  excitability  of  the  cardiac  muscle  may 
be  increased  as  in  fatty  heart,  when  very  slight  exertion  may  excite  it  often  in  a  paroxysmal 
way.  In  other  cases,  it  is  ncrmxis  in  its  origin,  being  either  direct  or  reflex.  In  very  emotional 
and  excitable  people  (especially  in  women)  it  is  easily  set  up,  and  in  some  people  it  may  be 


THE  CARDIOGRAM. 


6l 


produced  rettexly  by  gastric  or  intestinal  irritiitiou  or  dyspeiisia.  It  also  frequently  results 
troin  excesses  of  all  kinds  and  the  over-use  of  tobacco.  The  remedies  to  be  used  obviously 
depend  on  the  cause.  Where  the  blood-pressure  is  low,  as  in  au;eniia,  digitalis  and  iron  will 
do  good  ;  the  former  by  increasing  the  blood-pressure,  and  the  latter  by  improving  the  general 
nutrition  of  the  body  and  the  blood  in  particular.  In  neurotic  cases  cardiac  sedatives  are  indi- 
cated,while  in  cases  due  to  indigestion  hydrocyanic  acid  is  useful  {Brantou)]. 

[Fainting  or  Syncope. — In  fainting  the  person  loses  consciousness,  owing  to  a  sudden  arrest 
of  the  blood-supply  to  the  brain,  the  face  is  pallid,  the  respiration  is  feeble  or  ceases,  Avhile  the 
heart  beats  but  feebly  or  not  at  all.  The  defective  supply  of  blood  to  the  brain  may  depend 
upon  sudden  arrest  of  the  heart's  action,  caused,  it  may  he,  by  a  fright,  or  the  heart's  action 
may  be  arrested  reHexly.  Any  cause  which  suddenly  diminishes  the  blood-pressure  may  pro- 
duce it,  or  when  pressure  is  suddenly  removed  from  the  large  vessels,  as  in  tapping  the  abdomen 
in  ascites,  without  at  the  same  time  giving  sufficient  support  to  the  abdominal  viscera.  "When 
a  person  has  been  long  in  the  recumbent  position,  on  being  rapidly  set  up  in  bed  he  may  faint. 
In  some  forms  of  heart  disease,  sudden  exertion  or  change  of  posture  may  produce  it. 

[Treatment. — The  object  is  to  restore  consciousness  and  the  action  of  the  heart.  Place  the 
X)erson  in  the  horizontal  position,  keep  the  head  low,  even  lower  than  the  body,  and  do  not 
support  it  with  pillows.  Dashing  cold  water  on  the  face,  so  as  to  stimulate  the  hfth  nerve, 
usually  succeeds  in  causing  the  person  to  take  a  deep  insinration.  In  other  cases  a  snilf  of 
smelling  salts  or  ammonia,  acting  through  the  nasal  branch  of  the  fifth  nerve,  will  excite  the 
cardiac  and  respiratory  functions  (§  368).] 

50.  THE  APEX-BEAT,  CARDIOGRAM.— Cardiac  Impulse.— By  the  term 
"  apex-beat"  or  "cardiac  impulse"  is  understood  under  normal  circumstances  an 
elevation  (perceptible  to  touch  and  siglit),  in  a  circumscribed  area  of  the  fifth  left 
intercostal  space,  and  caused  by  the  movement  of  the  heart.  [The  apex-beat  is  felt 
in  the  fifth  left  intercostal  space,  2  inches  below  the  nipple,  and  1  inch  to  its  sternal 
side,  or  at  a  point  2  inches  to  the  left  of  the  sternum.]  The  impulse  is  more  rarely 
felt  in  the  fourth  intercostal  space,  and  it  is  much  less  distinct  when  the  heart  beats 
against  the  fifth  rib  itself.  The  position  and  force  of  the  cardiac  impulse  vary 
with  changes  in  the  position  of  the  body. 

[The  cardiac  impulse  is  synchronous  with,  the  systole  of  the  heart,  but  although  this  name 
and  apex-beat  are  frequently  used  as  synonymous  terms,  it  is  to  be  remembered  that  the 
impulse  may  be  caused  by  different  parts  of  the  heart  being  in  contact  with  the  chest-wall. 
The  cardiac  impulse  is  usually  higher  than  normal  in  children,  while  it  is  lower  during  inspira- 
tion than  expiration.] 

[Methods.  — To  obtain  a  curve  of  the  apex-beat  or  a  cardiogram,  we  may  use  one  or  other  of 
tlie  following  cardiographs  (fig.  36).  Pig.  36,  A,  is  the  first  form  used  by  Marey,  and  it  consists 
of  an  oval  wooden  capsule  applied  in  an  air-tight  manner  over  the  apex-beat.  The  disc,  p, 
capable  of  being  I'cgulated  by  the  screw,  s,  presses  upon  the  region  of  the  apex-beat,  while  i  is  a 
tube  which  may  be  connected  with  a  recording  tambour  (fig.  47).  B  is  an  improved  form  ot 
the  instrument,  consisting  essentially  of  a  tambour,  while  attached  to  the  membrane  is  a  button, 
■p,  to  be  applied  over  the  apex-beat.  The  movements  of  the  air  within  the  capsule  are  com- 
municated by  tiie  tube,  t,  to  a  recording  tambour.  Fig.  36,  C,  is  the  pansphygmograph  of 
Broudgeest,  which  consists  of  a  Mare3''s  tambour,  in  an  iron  horse-shoe  frame,  and  adjustable 
by  means  of  a  screw,  s.  Burdon-Sanderson's  cardiograph  is  shown  in  D.  The  button,  j),  carried 
by  the  spring,  c,  does  not  rest  upon  the  caoutchouc  membrane,  but  on  an  ahuninium  plate 
attached  to  it.  The  apparatus  is  adjusted  to  the  chest  by  three  sui)ports.  Fig.  36,  E,  shows 
a  modified  instrument  on  the  same  principle  by  Grummach  and  v.  Knoll.  In  all  these 
figures  the  t  indicates  the  exit-tube  communicating  with  a  recording  tamljour  (fig.  47).  D  and 
E  may  be  used  for  other  purposes,  c.fj.,  for  the  pulse,  so  that  they  are  polygraphs.  See  also 
fig.  76.] 

Fig.  39,  A,  shows  the  cardiogram  or  the  impulse-curve  of  the  heart  of  a  healthy 
man  ;  B,  that  of  a  dog,  obtained  by  means  of  a  sphygmograph.  In  both  the  follow- 
ing points  are  to  be  noticed  : — ah,  corresponds  to  the  time  of  the  pause  and  the 
contraction  of  the  auric/e.s.  As  the  atria  contract  in  the  direction  of  the  axis  of  the 
heart  from  the  right  and  above  towards  the  left  and  below,  the  apex  of  the  heart 
moves  towards  the  intercostal  space.  The  two  or  three  smaller  elevations  are 
perhaps  caused  by  the  contractions  of  the  ends  of  the  veins,  the  auricular  appendices, 
and  the  atria  themselves. 

The  portion  be,  which  communicates  the  greatest  impulse  to  the  instrument,  and 
also  to  one's  hand  when  it  is  placed  on  the  apex-beat,  is  caused  by  the  contraction 
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of  the  ventHcles,  and  during  it  the  first  sound  of  the  heart  occurs.  Frequently, 


Cardiogi'aphs.    A,  Marey's  original  form  ;  B,  Marey's  improved  form 
(Brondgeest) ;  D,  cardiograph  (Burdon-Sanderson)  ;  E,  ' 


panspliygmograph 
Knoll. 


but  erroneously,  the  cardiac  impulse  has  been  ascribed  to  the  contraction  of 

ventricles  alone. 


Fig.  37. 


that  of  V. 

the 
It, 

however,  is  due  to 
all  those  conditions 
which  cause  an  eleva- 
tion in  the  region  of 
the  cardiac  impulse. 

[Edgren  recorded  a 
Imman  cardiogram,  and 
listened  at  the  same  time 
to  the  heart  sounds,  re- 
cording the  latter  by 
means  of  an  electric  sig- 

^1-  s    1  1     ■    •      r-ij.      in. 13        1  iial-    The  curve  rises  at 

Cardiogram,   a-f  ;  1,  beginning  of  1st,  and  2,  2nd  sound.  ^^.^^j^  ^j,^  beginning  of 

the  first  sound,  i.e.,  with  the  contraction  of  the  ventricles,  and  reaches  the  abscissa  at/  with  the 

beginning  of  the  second  sound,  i.e.,  when 
the  semi-lunar  valves  are  closed.  The 
relation  between  a  and  the  points  inter- 
mediate between  it  and  /,  and  to  the  pulse- 
curve  of  the  carotid,  is  shown  in  fig.  38. 
The  letters  with  the  dash  correspond  to 
the  unmarked  letters  in  the  cardiogram.] 

The  cause  of  the  ventricular 
impulse  has  been  much  discussed. 
It  depends  upon  the  following  : — 

(1)  The  base  of  the  heart  (auriculo- 
ventricular  groove)  represents  during 
diastole  a  transversely-jilaced  ellipse 
(fig.  40,  I.,  FG),  while  during  con- 
traction it  has  a  more  circular  figure, 


Hi 

 ^  1  

Fig.  38. 


The  upper  curve  from  the  human  carotid;  the  lower 
a  cardiogram  taken  simultaneously. 
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ah.  Thus,  the  long  diameter  of  the  ellipse  (FG)  is  diminished,  the  small  diameter 
<lc  is  increased,  while  the  base  is  brought  nearer  to  the  chest-wall  e.    This  alone 


Fig.  39. 

Curves  from  the  apex -beat.  A,  normal  curve  (man) ;  B,  from  a  dog  ;  C,  very  rapid  curve 
(dog)  ;  D  and  E,  normal  curves  (man)  registered  on  a  vibrating  glass  plate  where  each 
indentation  =  0  "01613  sec.  In  all  the  curves  a5  means  contraction  of  the  auricles,  and 
be  of  the  ventricles  ;  d,  closi;re  of  the  aortic,  and  e,  of  the  pulmonary  valves  ;  ef,  diastole 
of  the  ventricle. 

does  not  cause  the  impulse,  but  the  basis  of  the  heart,  being  hardened  during  the 
systole  and  brought  nearer  to  the  chest-wall,  allows  the  apex  to  execute  the  move- 
ment which  causes  the  impulse  (p.  61). 

(2)  During  relaxation,  the  ventricle  lies  with  its  apex  (fig.  40,  II.,  i)  obliquely 
downwards,  and  with  its  long  axis  in  an  oblique  direction — so  that  the  angles  (hci, 
aci)  formed  by  the  axis  of  the  ventricles  with  the  diameter  of  the  base  are  unequal 
— during  systole  it  represents  a  regular  cone,  with  its  axis  at  right  angles  to  its 
base.  Hence,  the  apex  (i)  must  be  erected  from  below  and  behind  (p),  forwards 
and  upwards  {Harvey — "  cor  sese  erigere  "),  and  when  hardened  during  systole 
presses  itself  into  the  intercostal  space  (fig.  40,  II.). 

(3)  The  ventricles  undergo  during  systole  a  slight  spiral  twisting  on  their  long 
axis  ("lateralem  inclinationem " — Harvey),  so  that  the  apex  is  brought  from 
behind  more  forward,  and  thus  a  greater  portion  of  the  left  ventricle  is  turned  to 
the  front.  This  rotation  is  caused  by  the  muscular  fibres  of  the  ventricles,  which 
proceed  from  that  part  of  the  fibrous  rings  between  the  auricles  and  ventricles 
which  lies  next  the  anterior  thoracic  wall.  The  fibres  ])ass  from  above  obliquely 
downwards,  and  to  the  left,  and  also  run  in  part  upon  the  posterior  surface  of  the 
ventricles.  When  they  contract  in  the  axis  of  their  direction,  they  tend  to  raise 
the  apex,  and  also  to  bring  more  of  the  posterior  surface  of  the  heart  in  relation 
with  the  anterior  thoracic  wall.  It  is  favoured  by  the  slightly  spiral  arrangement 
of  the  aorta  and  pulmonary  artery. 

These  are  the  most  important  causes,  but  the  minor  causes  are, 

(4)  The  reaction  impulse  "  or  i-ecoil,"  or  that  movement  which  the  ventricles 
are  said  to  undergo,  (like  an  exploded  gun  or  rocket),  at  the  moment  when  the 
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blood  is  discharged  into  the  aorta  and  pulmonary  artery,  '"^^f^^^^^X^^^^'^ 
the  opposite  direction,  i.e.,  downwards  and  slightly  outwards.    Landois  ho  ^e^er 
has  shown  that  the  nmss  of  blood  is  discharged  into  the  vessels  O-Ob  o  second 
after  the  beginning  of  the  systole,  while  the  cardiac  impulse  occurs  with  tiie  nrst 

''^^S?  When  the  blood  is  discharged  into  the  aorta  and  pulmonary  artery,  these 
vessels  are  slightly  elongated,  owing  to  the  increased  blood-pressure.  As  the  heart 
is  suspended  from  above  by  these  vessels, 
the  apex  is  pressed  slightly  downwards  and 
forwards  towards  the  intercostal  space  ("?). 

As  the  cardiac  impulse  is  observed  in  the  empty 
hearts  of  dead  animals,  (4)  and  (5)  are  certainly 
of  only  second-rate  importance.  Filehne  and 
Pentzoldt  maintain  that  the  apex  during  systole 
does  not  niovc  to  the  left  and  downwards,  as  must 


I.  II. 

Fig.  40. 

I.  Schematic  horizontal  section  through  the  heart,  lungs,  and  thorax,  to  show  the  change  of 
shape  which  the  base  of  the  lieart  undergoes  during  contraction  of  the  ventricle— F,  G, 
transverse  diameter  of  the  ventricle  during  diastole  ;  c,  position  of  the  thoracic  wall  ;  a,  b, 
transverse  diameter  of  the  heart  during  systole,  with  c,  position  of  the  anterior  thoracic 
wall  during  systole.  II.  Side-view  of  the  heart — i,  apex  during  diastole  ;  j;,  during 
systole, 

be  the  case  in  (4)  and  (5),  but  that  it  moves  iipward  and  to  the  right — a  result  corroborated  by 
V.  Ziemssen.  [Barr  attributes  the  cause  of  the  impulse  to  the  rigidity  or  hardening  of  the  ven- 
tricle during  systole,  to  the  rotatory  movement  and  lengthening  downwards  of  the  blood- 
column  in  the  aorta  and  pulmonary  artery,  while  towards  the  end  of  the  systole  the  maximum 
of  recoil  takes  place  and  also  contributes  to  cause  it.] 

It  is  to  be  remembered  tliat  as  the  apex  is  always  applied  to  the  chest-wall,  separated  from  it 
merely  by  the  thin  margin  of  the  lung,  it  only  presses  against  the  intercostal  space  during 
systole  {Kiwisch). 

After  the  apex  of  the  curve,  c,  has  been  reached  at  the  end  of  the  systole,  the 
curve  falls  rapidly,  as  the  ventricles  quickly  become  relaxed.  In  the  descending 
part  of  the  curve,  at  d  and  e,  are  two  elevations,  which  occur  sirimltaneoudy 
iviili  the  second  sound.  These  are  caused  by  the  sudden  closure  of  the  semi-lunar 
valves,  whereby  an  impulse  is  propagated  through  the  axis  of  the  ventricle  to  its 
apex,  and  thus  causes  a  vibration  of  the  intercostal  space  ;  d  corresponds  to  the 
closure  of  the  aortic  valves,  and  e  to  the  closure  of  the  pulmonary  valves.  The 
closure  of  the  valves  in  these  two  vessels  is  not  simultaneous,  but  is  separated  by 
an  interval  of  0-05  to  0-09  sec.    The  aortic  valves  close  sooner  on  account  of  the 
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greater  blood-pressure  there.  Complete  diastolic  relaxation  of  the  ventricle  occurs 
from  e  to  /  in  the  curve. 

It  is  clear,  then,  that  the  cardiac  impulse  is  caused  chiefly  by  the  contraction  of 
the  ventricles,,  while  the  auricular  systole  and  the  vibration  caused  by  the  closure 
of  the  semi-lunar  valves  are  also  concerned  in  its  production. 

[Change  in  Shape  of  Heart. — The  experiments  of  Ludwig  and  Hesse  on  the  heart 
of  the  dog  show  that  the  shape  of  the  ventricles  varies  remarkably  in  systole  and 
diastole,  and  that  the  shape  of  the  heart  as  found  post-mortem  is  not  its  natural  shape.] 

[Method. — Bleed  a  dog  raj^iidly  froni  the  carotids,  detibiiiiate  the  blood,  expose  tlie  heart,  tie 
graduated  straight  tubes  into  the  puhuonary  artery  and  aorta,  and  ligature  the  auricular  vessels. 
Pour  the  blood  into  the  heart  until  it  is  dilated  under  a  pressure  equal  to  the  mean  arterial  pres- 
sure (150  mm.).  The  ventricles  are  in  the  diastolic  piiase,  the  auricles  still  pulsate.  A  plaster 
cast  is  now  rapidly  made  of  the  ventricles.  This  represents  the  diastolic  phase.  To  obtain  what 
may  be  regarded  as  the  systolic  phase,  a  heart,  similarly  prepared  but  em.ptied  of  blood,  is 
suddenly  plunged  into  a  hot  (50°  C. )  saturated  solution  of  potassic  bichromate,  when  the  heart 
gives  one  rapid  and  final  contraction  and  remains  permanently  contracted  owing  to  the  heat- 
rigor,  its  proteids  being  coagulated  (§  295).  This  is  the  systolic  phase.  Little  pins  with  twisted 
points  are  previously  inserted  in  the  organ  to  mark  certain  parts  of  both  hearts  for  comparison.] 

[In  diastole,  the  shape  of  the  ventricle  is  hemispheroidal,  the  apex  being  rounded, 
while  the  posterior  surface  is  flatter  than  the  anterior  (tig.  41).  In  the  plane  of 
the  ventricular  base,  the  greatest  diameter  is  fi-om  right  to  left,  and  the  shortest 
from  base  to  apex.    The  conus  arteriosus  is  above  the  plane  of  the  base.  During 


Fi''.  41. 


Projection  of  a  dog's  heart. 
Posterior  surface. 


Fig.  42. 
Anterior  surface. 


Fig.  43. 
Left  lateral  surface. 


systole,  the  apex  is  more  pointed,  the  ventricle  more  conical,  while  all  the  diameters 
in  the  plane  of  the  base  are  equally  diminished,  hence  the  vertical  measurement 
from  base  to  apex  is  longer  now  than  either  of  the  diameters  at  the  base  (fig.  43). 
The  conus  arteriosus  sinks  towards  the  plane  of  the  base,  while  the  base  of  the 
ventricle  becomes  more  circular,  so  that  the  difference  of  the  curvatures  of  the 
anterior  and  posterior  surfaces  van- 
ishes (fig.  42).  In  all  these  figs,  the 
shaded  part  represents  diastole  and 
the  clear  part  systole.  The  most  re- 
markable point  is  that  the  vertical 
measurement  remains  unchanged. 
This  refers  to  the  left  ventricle,  which 
of  course  forms  the  apex ;  the  right  is 
shortened.  The  plane  of  the  ven- 
tricular base  in  systole  is  about  one- 


Fig.  44. 


FiL'.  45. 


half  of  what  it  is  in  diastole,  as  is  Projection  of  the  base  in  A,  aorta  ;  PA,  pulmon- 
shown  in  fig.  44.     Thus  the  heart  is     svstole  and  diastole,  RV,      ary  artery ;  M,  mitral, 

diminished  in  all  its  diameters  except  ""'^ 

xi        4.    •  1      -c  1       tricle.  nee. 

one,  the  arterial  orifices  are  scarcely 

affected,  while  the  area  of  the  auriculo-ventricular  orifices  (M,  T)  is  diminished 
about  one-half  (fig.  45).    This  is  most  important  in  connection  with  the  closure  of 
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the  auriciilo-ventricLilar  valves  ;  as  it  shows  that  the  muscular  fibres  of  the  heart, 
by  diminishing  these  orifices  during  systole,  greatly  aid  in  the  perfect  closure  of 
these  valves.  Thus  we  explain  why  defective  nutrition  of  the  cardiac  muscle  may 
give  rise  to  incompetency  of  these  valves,  without  the  valves  themselves  being 
diseased  {M<icalli>(('r).] 

[In  order  to  account  for  the  vertical  diameter  remaining  unchanged,  we  may 
represent  the  ventricular  fibres  as  consisting  of  three  layers,  viz.,  an  inner  and  outer 
set,  more  or  less  longitudinal,  and  a  middle  set,  circular.  Both  sets  wdll  tend,  when 
they  contract,  to  diminish  the  cavity,  but  the  shortening  of  the  longitudinal  layers 
is  compensated  for  by  the  contraction,  i.e.,  the  elongation  produced  by  the  circular 
set.] 

[Ill  order  to  obtain  the  shape  of  the  cavities,  tlogs  were  taken  of  the  same  litter  and  as  nearly 
alike  as  possible.  One  heart  was  filled  with  blood,  as  alread}-  described,  and  placed  in  a  cool 
solution  of  potassic  bichromate,  whereby  it  was  slowly  hardened  in  the  diastolic  form,  while  the 
other  was  plunged  as  before  into  a  hot  solution.    Casts  were  then  made  of  the  cavities.] 

51.  THE  TIME  OF  THE  CAEDIAC  MOVEMENTS. —Methods. —The  time  occupied  by  the 
various  phases  of  the  movements  of  the  heart  may  be  determined  by  studying  the  apex-beat 
curve. 

(1)  If  we  know  at  what  rate  the  plate  on  which  the  curve  was  obtained  moved  during  the  ex- 
periment, of  course  all  that  is  necessary  is  to  measure  the  distance,  and  so  calculate  the  time 
occupied  by  any  event  (see  Pulse,  §  67). 

(2)  It  is  preferable,  however,  to  cause  a  tuning-fork,  whose  rate  of  vibration  is  known,  to 
write  its  vibrations  under  the  curve  of  the  apex-beat,  or  the  curve  may  be  written  upon  a  plate 
attached  to  a  vibrating  tuning-fork  (fig.  39,  D,  E).  Such  a  curve  contains  fine  teeth  caused  by 
the  vibrations  of  the  tuning-fork.  D  ami  E  are  curves  obtained  from  the  cardiac  impulse  in 
this  way  from  healthy  students.  In  D  the  notch  d  is  not  indicated.  Each  complete  vibration 
of  the  tuning-fork,  reckoned  from  apex  to  apex  of  the  teeth  =  0"01613  second,  so  that  it  is  simply 
necessary  to  count  the  number  of  teeth  and  multiply  to  obtain  the  time.  The  values  obtained 
vary  within  certain  limits  even  in  health. 

The  value  of  a  h  =  pause  +  contraction  of  the  auricles,  is  subject  to  the 
greatest  variation,  and  depends  chiefly  upon  the  number  of  heart-beats  per  minute. 
The  more  quickly  the  heart  beats,  the  shorter  is  the  pause,  and  conversely.  In 
some  curves,  even  when  the  heart  beats  slowly,  it  is  scarcely  possible  to  distinguish 
the  auricular  contraction  (indicated  by  a  rise)  from  the  part  of  the  curve  correspond- 
ing to  the  pause  (indicated  by  a  horizontal  line).  In  one  case  (heart-beats  55  per 
minute)  the  pause  =  0"4  second,  the  auricular  contraction  =  0*177  second.  In  fig. 
39,  A,  the  time  occupied  by  the  pause  +  the  auricular  contraction  (74  beats  per 
minute)  =  0*5  second.  In  D,  a  h  =  19  to  20  vibrations  =  0"32  second;  in  E  = 
26  vibrations  =  0*42  second. 

The  ventricular  systole  is  calculated  from  the  beginning  of  the  contraction  b,  to  e 
when  the  semi-lunar  valves  are  closed ;  it  lasts  from  the  first  to  the  second  sound. 
It  also,  varies  somewhat,  but  is  more  constant.  When  the  heart  beats  rapidly,  it 
is  somewhat  shorter — during  slow  action  longer.  InE  =  0"32  second  ;  inD=  0*29 
second  ;  with  55  beats  per  minute  Landois  found  it  =  0-34,  with  a  very  high  rate 
of  beating  =  0 "199  second. 

When  the  ventricles  beat  feebly,  they  contract  more  slowly,  as  can  be  shown  by  applying  the 
registering  apparatus  to  the  heart  of  an  animal  just  killed.  In  fig.  46,  from  the  ventricle  of  a 
rabbit  just  killed,  the  slow  heart-beats,  B,  are  seen  to  last  longest.  In  cases  of  enormous 
hj'pertrophy  and  dilatation  of  the  left  ventricle,  the  duration  of  the  ventricular  systole  is  not 
longer  than  normal  {Landois). 

In  calculating  the  time  occupied  by  the  ventricular  systole  we  must  remember— (1)  Tlie  time 
between  the  two  sounds  of  the  heart,  i.e.,  from  the  beginning  of  the  first  to  the  end  of  the  second 
sound  {h  to  e).  (2)  The  time  the  blood  floios  into  the  aorta,  which  comes  to  an  end  at  the  de- 
I)ression  between  c  and  d  (in  fig.  39,  E).  Its  commencement,  however,  does  not  coincide  with 
b,  as  the  aortic  valves  open  0-085  to  0-073  second  after  the  beginning  of  the  ventricular  systole. 
Hence  the  aortic  current  lasts  0-08  to  0-09  second.  This  is  calculated  in  the  following  way  :-— 
The  time  between  the  first  sound  of  the  heart  and  the  pulse  in  the  axillary  arterj°is  0-137 
second,  and  of  this  time  0-052  second  is  occupied  in  the  propagation  of  the  pulse-wave  along  the 
30  cm.  of  artery  lying  between  the  root  of  the  aorta  and  the  axilla.    Thus  the  pulse-wave  in 
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the  aorta  occurs  0-137  minus  0-052  =  0 '085  second  after  the  beginning  of  the  first  sound.  The 
current  in  the  [mhnonary  artery  is  interrupted  in  the  depression  between  (/  and  c.  (3)  Lasthi, 
the  time  occupied  bij  the  muscular  contraction  of  t/ie  veiUrich',  wliich  begins  at  b,  reaches  its 


A   B 


Fig.  46. 

Curves  recorded  by  the  ventricle  of  a  rabbit,  upon  a  vibrating  plate  attached  to  a  tuning-fork 
(vibration  =  0-01613  sec  ).    A,  soon  after  death  ;  B,  from"  the  dying  ventricle. 

greatest  extent  at  c,  and  is  completely  relaxed  at /.  The  apex  of  the  curve,  c,  may  be  higher  or 
lower  according  to  the  flexibility  of  the  intercostal  space,  hence  the  position  of  c  varies.  In 
hypertrophy  witli  dilatation  of  the  left  ventricle,  the  duration  of  the  ventricular  contraction 
does  not  greatly  exceed  the  normal. 

The  time  wliich  elapses  between  d  and  e,  i.e.,  between  the  complete  closure  of 
the  aortic  and  pulmonary  valves,  is  greater  the  more  the  pressure  in  the  aorta 
exceeds  that  in  the  pulmonary  artery,  as  the  valves  are  closed  by  the  pressure 
from  above,  and  the  difference  in  time  may  be  0-05  second,  or  even  double  that 
time,  in  which  case  the  second  sound  appears  double  (comi)are  §  54).  If  the  aortic 
pressure  diminishes  while  that  in  the  pulmonary  artery  rises,  d  and  e  may  be  si> 
near  each  other  that  they  are  no  longer  marked  as  distinct  elements  in  the  curve. 

The  time,  ef,  during  which  the  ventricles  relax  varies  somewhat :  O'l  second 
may  be  taken  as  a  mean. 

Accelerated  Cardiac  Action, — When  the  action  of  the  heart  is  greatly  accelerated,  the  pause 
is  considerably  shortened  in  the  first  instance  {Dondcrs),  and  to  a  less  extent  the  time  of  con- 
traction of  the  auricles  and  ventricles.  When  the  pulse-rate  is  very  rapid,  the  systole  of  the 
atria  coincides  with  the  closure  of  the  arterial  valves  of  the  urecediug  contraction,  as  is  shown 
in  fig.  39,  C  (dog). 

In  registering  the  cardiac  impulse,  the  appara- 
tus is  separated  by  a  greater  or  less  depth  of 
soft  parts  from  the  heart  itself,  so  that  in  all  cases 
the  intercostal  tissues  do  not  follow  exactly  the 
movements  of  the  heart,  and  thus  the  curve  ob- 
tained may  not  coincide  mathematically  w  ith  the 
movements  of  the  heart.  It  is  desirable  that 
curves  be  obtained  from  persons  whose  hearts  are 
exposed,  i.e.,  in  cases  of  ectopia  cordis. 

Cleft  Sternum. — Gibson  inscribed  cardiograms 
from  the  heart  of  a  man  with  cleft  sternum.  The 
following  were  the  results  obtained  : — Auricular 
contraction  =  0 -115  ;  ventricular  contraction  (b,  d) 
==0-28  ;  ditference  between  closure  of  valves  {d,  c) 
=  0*09;  ventricular  diastole  {c,  f)  =0-11;  pause 
=  0-45  second. 

Endocardial  Pressure. — In  large  mam- 
mals, such  as  the  horse,  Chauveau  and 
Marey  (1861)  determined  the  duration  of 
the  events  that  occur  within  the  heart,  and 
also  the  endocardial  pressure  by  means  of 
a  cardiac  sound.  Small  elastic  bags  at- 
tached to  tubes  were  introduced  through 
the  jugular  vein  into  the  right  auricle  and  ventricle.  Each  of  these  tubes  was 
connected  with  a  registering  tambour  (fig.  47),  and  simultaneous  tracings  of  the 
variations  of  pressure  within  the  cavities  of  the  heart  were  obtained  by  causing  the 
writing-points  of  the  levers  of  the  tambours  to  write  upon  a  revolving  cylinder. 


Marey's  registering  tambour.  T  metallic 
capsule,  with  thin  india-rubber  stretched 
over  it,  and  bearing  an  aluniinhim  disc, 
which  acts  upon  the  writing  lever,  H. 
By  means  of  a  thick-walled  caoutchouc 
tube,  it  may  be  connected  with  any  system 
containing. ail ,  so  as  to  record  variations  of 
pressure. 
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FiK.  48.  A,  gives  the.  result  obtained  when  one  elastic  bag  was  placed  ^f^^*  j^^^^ 

beini  introduced  through  tlie  jugular  vein  '".^^  f  ^P^V^.^V'^^f/^^;;  = 

pushed  through  the  tricuspid  or  fice  was  in  the  ngh t  ventricle  ;  D  in  the  root  ^^/^^P^'J';^ 
In  thron.rh  the  carotid  ;  C,  pushed  past  the  semi-lunar  valves  into  the  left  %  entuclt  ,  ^'^"i^e  at 
L^al  nShr  ba-  h^  placed  externally  between  the  heart's  apex  and  the  inner  wall  of  the 
ch^st.    In  all  cases  r  =  auricular  contraction  ;  V,  that  of  the  ventricle  ;  s,  closure  of  senn-lunai 

vnlvps  sooner  in  C  than  H ;  ?  =  pause.  .   , 

Methods  -(1)  The  cardiac  sound  consists  of  a  tube  containing  two  separate  air-passages,  and 
in  connection  with  each  of  these  there  is  a  small  elastic  bag  or  ampulla.  One  ot  the  bags  is 
fixed  to  the  free  end  of  the  sound,  and  communicates  with  one  of  the  air-passages,    ihe  other 


-Ilight  Auricle. 


liiglit  Ventricle. 


Left  Ventricle. 


Aorta. 


■■  Cardiac  Impulse. 


Fig.  48. 

Curves  obtained  from  the  heart  of  a  horse  by  the  cardiac  sound. 

bag  is  placed  in  connection  with  the  second  air-passage  in  the  sound,  and  at  such  a  distance 
that,  when  the  former  bag  lies  within  the  ventricle,  the  latter  is  in  the  auricle.  Each  bag  and 
air-tube  communicating  with  it  is  connected  with  a  Marcy's  tambour  (fig.  47),  provided  with 
a  lever  which  inscribes  its  movements  upon  a  revolving  cylinder.  Any  variation  of  pressure 
within  the  auricle  or  ventricle  will  affect  the  clastic  ampulhe,  and  thus  raise  or  depress  the 
lever.  Care  must  be  taken  that  the  writing-points  of  the  levers  are  placed  exactly  above  each 
other.  A  tracing  of  the  cardiac  impulse  is  taken  simultaneously  by  means  of  a  cardiograph 
attached  to  a  separate  tambour. 

It  has  still  to  be  determined  whether  the  auricles  and  ventricles  act  alternately, 
so  that  at  the  moment  of  the  beginning  of  the  ventricular  contraction  the  auricles 
relax,  or  whether  the  ventricles  are  contracted  while  the  auricles  still  remain  slightly 
contracted,  so  that  the  whole  heart  is  contracted  for  a  short  time  at  least.  The 
latter  view  was  supported  by  Harvey,  Bonders,  and  others,  while  Haller  and  many 
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of  the  more  recent  observers  support  the  view  that  the  action  of  the  auricles  and 
ventricles  alternates.  In  the  case  of  Frau  Seratin,  whose  heart  was  exposed, 
V.  Zienissen  obtained  curves  from  the  auricles,  which  showed  that  the  contraction 
of  the  auricles  continued  even  after  the  commencement  of  the  ventricular  systole. 
In  Marey's  curve  the  contraction  of  the  ventricle  is  represented  as  following  that 
of  the  auricle  (fig.  48). 

[(2)  RoUeston  used  a  special  apparatus  which  was  connected  with  the  interior  of  the  heart, 
and  ]ie  finds  that  there  is  no  distinct  rise  of  pressure  in  the  dog  within  the  ventricles  corre- 
sponding to  the  auricular  systole  such  as  was  obtained  b}-  Marey  in  the  horse.  During  the 
ventricular  diastole  in  certain  cases  the  pressure  falls  below  the  atmospheric  pressure,  and  may  be 
equal  to -20  mm.  mercury  or  more  in  the  left  ventricle  (§  48).  It  is  probably  caused  by 
the  elastic  expansion  of  the  ventricle  continuing  after  the  blood  in  the  auricle  at  the  moment 
of  the  cessation  of  the  ventricular  systole  has  entered  the  ventricle,  i.e.,  the  quantity  of 
blood  in  the  auricle  is  not  sufficient  in  all  cases  to  distend  the  left  ventricle  to  the  point  at 
which  its  suction  action  ceases.  Magini,  operating  on  dogs  with  a  trocar  which  perforated 
the  cavities  of  the  heart,  found  none  of  the  secondary  elevations  obtained  by  Itlarey  with  his 
sound.] 

A.  Fick  regai-ds  the  alternating  contraction  as  a  means  whereby  the  pressure  in  the  large 
venous  trunks  is  kept  nearly  constant.  At  the  moment  of  ventricular  systole  the  auricles 
relax,  and  the  venous  blood  flows  freely  into  the  latter,  while  if  the  auricles  remained  contracted, 
the  blood  in  the  veins  would  be  kept  back.  Further,  at  the  moment  of  ventricular  diastole 
the  auricles  contract,  so  that  there  is  not  an  abnormal  diminution  of  the  pressure  in  the  veins. 
Thus  the  pressure  in  the  auricle  is  more  equable,  while  the  current  in  the  terminal  parts  of  the 
veins  is  kept  more  constant. 

52.  PATHOLOGICAL  CAEDLAC  IMPULSES.— Change  in  the  Position  of  the  Apex-Beat.— 

The  position  of  the  cardiac  impulse  is  changed  —(1)  by  the  accumulation  of  fluids  (serum,  pus, 
blood)  or  gas  in  one  pleural  cavity.  A  copious  effusion  into  the  left  pleural  cavity  compresses 
the  lung,  and  may  disi)lace  the  heart  towards  the  right  side,  while  effusion  on  the  right  side 
may  push  the  heart  more  to  the  left.  As  the  right  heart  must  make  a  greater  effort  to  propel 
the  blood  through  the  compressed  lung,  the  cardiac  impulse  is  usually  increased.  Advanced 
emphysema  of  the  lung,  causing  the  diajjhragra  to  be  pressed  downwards,  displaces  the  heart 
doAvnwards  and  inwards,  while  pushing  or  pulling  up  of  the  diaphragm  (by  contraction  of 
the  lung,  or  through  pressure  from  below)  causes  the  apex-beat  to  be  displaced  upwards, 
and  also  slightly  to  the  left.  Thickening  of  the  muscular  walls  with  dilatation  of  the  cavities 
of  the  left  ventricle  makes  that  ventricle  longer  and  broader,  while  the  increased  cardiac 
impulse  may  be  felt  in  the  axillary  line  in  the  sixth,  seventh,  or  even  eighth  intercostal 
space  to  the  left  of  the  mammary  line.  Hypertrophy,  with  dilatation  of  the  right  side, 
increases  the  breadth  of  the  heart,  so  that  the  cardiac  imjjulse  is  felt  more  to  the  right,  even 
to  the  right  of  the  sternum.  In  the  rare  cases  where  the  heart  is  transposed,  the  apex- 
beat  is  felt  on  the  right  side.  "When  the  cardiac  impulse  goes  to  the  left  of  the  left  mammary 
line,  or  to  the  right  of  the  parasternal  line,  the  heart  is  increased  in  breadth,  and  there  is 
hypertrophy  of  the  heart.  A  greatly  increased  cardiac  impulse  may  extend  to  several  inter- 
costal spaces. 

The  cardiac  impulse  is  abnormally  weakened  in  cases  of  atrophy  and  degeneration  of  the 
cardiac  muscle,  or  by  weakening  of  the  innervation  of  the  cardiac  ganglia.  It  is  also"  Weakened 
when  the  heart  is  separated  from  the  chest-wall  owing  to  the  collection  of  fluids  or  air  in 
the  pericardium,  or  by  a  greatly  distended  left  lung  ;  and,  indeed,  when  the  left  side  of  the 
chest  is  filled  with  fluid,  the  cardiac  impulse  may  be  extinguished.  The  same  occurs  when  the 
left  ventricle  is  very  imperfectly  filled  during  its  contraction  (in  consequence  of  marked 
narrowing  of  the  mitral  orifice),  or  when  it  can  only  empty  itself  very  slowly  and  gradually, 
as  during  marked  narrowing  of  the  aortic  orifice. 

An  increase  of  the  cardiac  impulse  occurs  during  hypertrophy  of  the  walls,  as  well  as  under 
the  influence  of  various  stimuli  (psychical,  inflammatory,  febrile,  toxic)  which  affect  the  cardiac 
ganglia.  Great  hypertrophy  of  the  left  ventricle  causes  the  heart  to  heave,  so  that  a  part  of  the 
left  chest-wall  may  be  raised  and  also  vibrate  during  systole. 

A  pulling  in  of  the  anterior  wall  of  the  chest  during  the  cardiac  systole  occurs  in  the  third 
and  fourth  interspaces,  not  unfrequently  under  normal  circumstances,  sometimes  during  in- 
creased cardiac  action,  and  in  eccentric  hypertrophy  of  the  ventricles.  As  the  heart's  apex  is 
slightly  displaced,  and  the  ventricle  becomes  slightly  smaller  during  its  systole,  the  empty 
space  is  filled  by  the  yielding  soft  parts  of  the  intercostal  space.  When  the  heart  is  united 
with  the  pericardium  and  the  surrounding  connective-tissue,  which  renders  systolic  locomotion 
of  the  heart  impossible,  retraction  of  the  chest-wall  during  systole  takes  the  place  of  the 
cardiac  impulse  {Skoda).  During  the  diastole,  a  diastolic  cardiac  impulse  of  the  corresponding 
part  of  the  chest-wall  may  be  said  to  occur. 
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VARIATIONS  OF  THE  CARDIAC  IMPULSE. 


Clinically  clian^es  in  the  cardiac  impulse  are  best  ascertained  by  taking  graphic  representa- 
tions of  the  cardia°inii.nlso,  and  studying  the  curves  so  obtained  (Hg.  49). 

In  curve  V  (nauch  reduced),  from  a  case  oi  marked  hypertrophy  with  dilatation  the  ven- 
tricular contraction,  be,  is  usually  very  great,  while  the  time  occupied  by  the  conti-action  not 
much  increased  P  and  Q  were  obtained  from  a  case  of  marked  eccentric  hypeitiopn>  ot  tne 
left  ventricle  due  to  insufficiency  of  the  aortic  valves.  Curve  Q  was  taken  intentionally  oyer 
the  auriculo-ventricular  groove,  where  retraction  of  the  chest-wall  occurred  during  systole  ; 
nevertheless  the  individual  events  occurring  in  the  lieart  are  indicated. 

Fi<^  E  is  from  a  case  of  aortic  stenosis.  The  auricular  contraction  {nb)  lasts  only  a  short 
time"'  the  ventricular  systole  is  obviously  lengthened,  and  after  a  short  elevation  {be)  shows  a 


e, 
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Curves  of  the  cardiac  impulses,  ab,  contraction  of  auricles  ;  be,  ventricular  systole  ;  d,  closure 
of  aortic,  and  e,  of  pulmonary  valves  ;  cf,  diastole  of  ventricle  ;  P,  Q,  hypertrophy  and 
dilatation  of  the  left  ventricle  ;  E,  stenosis  of  the  aortic  orifice  ;  F,  mitral  insufficiency  ; 
G,  mitral  stenosis  ;  L,  nervous  palpitation  in  Basedow's  disease  ;  M,  so-called  hemisystole. 

series  of  fine  indentations  (c,  c)  caused  by  the  blood  being  pressed  through  the  narrowed  and 
roughened  aorta. 

Fig.  F,  from  a  case  of  insufficiency  of  the  mitral  valve,  shows  {ab)  well  marked  on  account 
of  the  increased  activity  of  the  left  auricle,  while  the  shock  {d)  from  the  closure  of  the  aortic 
valves  is  small,  on  account  of  the  diminished  arterial  tension.  On  the  other  hand,  the  shock 
from  the  accentuated  pulmonary  sound  (c)  is  very  great,  and  is  in  the  apex  of  the  curve.  On 
account  of  the  great  tension  in  the  pulmonary  artery,  the  second  pulmonary  tone  may  be  so 
strong,  and  succeed  the  second  aortic  sound  {d)  so  rapidly,  that  both  almost  merge  completely 
into  each  other  (H  and  K). 

The  curve  of  stenosis  of  the  mitral  orifice  (G)  shows  a  long,  irregular,  notched,  auricular 
contraction  {ab),  caused  by  the  blood  being  forced  through  an  irregular  narrow  orifice.  The  ven- 
tricular contraction  {be)  is  feeble  because  the  ventricle  is  imperfectly  filled.  The  closures  of  the 
two  valves,  d  and  c,  are  relatively  far  apart,  and  one  can  hear  distinctly  a  reduplicated  second 
sound.  The  aortic  valves  close  rapidly,  because  the  aorta  is  imperfectly  supplied  with  blood, 
while  the  more  copious  inflow  of  blood  into  the  pulmonary  artery  causes  its  valves  to  close  later. 


THE  HEAKT-SOUNDS. 
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If  the  heart  beats  rapidly  and  feebly — if  the  blood- pressure  in  the  aorta  and  pulmonary 
artery  be  low,  the  signs  of  closure  of  the  pulmonary  valves  may  be  absent — as  in  curve  L — 
taken  from  a  girl  suffering  from  nervous  palpitation  aiid  morbus  Basedowii. 

In  very  rare  cases  of  insufficiency  of  the  mitral  valve,  it  has  been  observed  that  at  certain 
times  both  ventricles  contract  simultaneously,  as  in  a  normal  heart,  but  that  this  alternates 
with  a  condition  where  the  right  ventricle  alone  seems  to  contract.  Curve  M  is  such  a  curve 
obtained  by  Malbranc,  who  called  this  condition  intermittent  hemisystole.  The  lirst  curve 
(I.)  is  like  a  normal  curve,  during  which  the  whole  heart  acted  as  usual.  The  curve  II.,  how- 
ever, is  caused  by  the  right  side  of  the  heart  alone  ;  it  wants  the  closure  of  the  aortic  valves,  d, 
and  there  was  no  pulse  in  the  arteries.  Owing  to  insufficiency  of  the  tricuspid  valve,  the  same 
person  had  a  venous  pulse  with  every  cardiac  impulse,  so  that  the  arterial  and  venous  pidses 
first  occurred  together,  and  then  the  venous  pulse  alone  occui-red.  In  these  cases  the  mitral 
insufficiency  leads  to  the  right  ventricle  being  overdrstended,  while  the  left  is  nearly  empty,  so 
that  the  right  side  requires  to  contract  more  energetically  than  the  left.  It  does  not  seem  that 
the  right  venti'icle  alone  contracts  in  these  cases,  hut  rather  that  the  action  of  the  left  side  is 
very  feeble. 

53.  THE  HEART-SOUNDS.— On  listening  over  the  region  of  the  heart  in  a 
healthy  man,  either  witli  the  ear  applied  directly  to  the  chest-wall  {Harvey),  or  by 
means  of  a  stethoscope  {Lnenyier,  1819),  we  hear  two  characteristic  sounds,  the  so- 
called  "  heart-sounds."  The  two  sounds  are  called  first  and  second,  and  together 
they  correspond  to  a  single  cardiac  cycle.  These  sounds  are  separated  by  silences. 
[Fig.  50  shows  the  relation  of  the  events  occurring  in  the  heart  during  a  cardiac 
cycle  to  the  sounds  and  silences.] 

1.  The  first  sound. 

2.  The  first  or  short  silence. 

3.  The  second  sound. 

4.  The  second  or  long  silencp 

[Relative  Duration. — There  is  no  absolute  duration  of  each  phase  of  a  cardiac 
cycle,  but  we  may  take  the  average  duration  calculated  from  the  measurements  of 
Gibson,  in  a  case  of  fissure  of  the  sternum,  to  be  as 
follows  : — 

Auricular  systole,         .       .       '112  sec. 
Ventricular  s5'stole,       .       .       "368  ,, 
"Ventricular  diastole,      .  '578  ,, 

Cardiac  cycle,  1  "058  sec. 

Suppose  we  divide  the  cycle  into  tenths  ( Wa(she), 
then  the  first  sound  will  last  ^j^,  the  first  silence  j^, 
the  second  sound  y^,  and  the  long  silence  of  the 
entire  period.] 

The  first  sound  [long  or  systolic]  is  twice  as  long 
as,  somewhat  duller,  and  one-third  or  one-fourth 
deeper,  than  the  second  sound ;  it  is  less  sharply 
defined  at  first,  and  is  synchronotis  ivith  the  systole  of 
the  ventricles. 

The  second  sound  [short  or  diastolic]  is  clearer,  sharper,  shorter,  more  sudden, 
and  is  one-third  to  one-fourth  higher  ;  it  is  sharply  defined  and  synchronous  with 
the  closure  of  the  semi-lunar  valves.  The  sounds  emitted  during  each  cardiac  cycle 
have  been  compared  to  the  pronunciation  of  the  syllables  lahh,  diip.  Or  the  result 
may  be  expressed  thus — 

V  .  V 


Scheme  of  a  cardiac  cycle.  The 
inner  circle  shows  what  events 
occur  in  the  heart,  and  the 
outer,  the  relation  of  the  sounds 
and  silences  to  these  events. 
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CAUSES  OF  THE  HEAKT-SOUNDS. 


[It  is  to  be  remembered  that  in  reality /owr  sounds  are  produced  in  the  heart, 
but  the  two  first  sounds  occur  together  and  the  two  second,  so  that  only  a  single 
first  and  a  single  second  sound  are  heard.] 

The  causes  of  the  first  sound  are  due  to  two  conditions.  As  the  sound  is  heard, 
although  enfeebled,  in  an  excised  heart  in  which  the  movements  of  the  valves  are 
arrested,  and  also  when  the  finger  is  introduced  into  the  auriculo-ventricular  orifices 
so  as  to  prevent  the  closure  of  the  valves  (C  Ludivig  and  Dogicl),  one  of  the  chief 
factors  lies  in  the  "  muscle  sound "  produced  by  the  contracting  muscular  fibres  of 
the  ventricles.  This  sound  is  supported  and  increased  by  the  sound  produced  by 
the  tension  and  vibration  of  the  auriculo-ventricular  valves  and  their  chordae 
tendinese,  at  the  moment  of  the  ventricular  systole.  Wintrich,  by  means  of  proper 
resonators,  has  analysed  the  first  sound  and  distinguished  the  clear,  short,  valvular 
part  from  the  deep,  long,  muscular  sound. 

The  muscle-soiuad  produced  by  transvcrschj-stripcd  muscle  does  not  occur  with  a  simjilc  con- 
traction (p.  86),  but  only  when  several  contractions  are  superposed  to  produce  tetanus  (§  303). 
Tlie  ventricular  contraction  is  only  a  sim2)Jc  contraction,  but  it  lasts  considerably  longer  than 
the  contraction  of  other  muscles,  and  herein  lies  the  cause  of  the  occurrence  of  the  muscle-sound 
during  the  ventricular  contraction. 

Defective  Heart-Sounds. — In  certain  conditions  (tyjihus,  fatt}'  degenei-ation  of  the  heart), 
where  the  muscular  substance  of  the  lieart  is  much  weakened,  tlie  lirst  somid  may  be  completely 
inaudible.  In  aortic  insufficiency,  in  consequence  of  the  reflux  of  blood  from  the  aorta  into 
the  ventricle,  the  mitral  valve  is  gradually  stretched,  and  sometimes  even  before  the  beginning 
of  the  ventricular  systole,  the  first  sound  may  be  absent.  Such  pathological  conditions  seem  to 
show  that,  for  the  production  of  the  first  sound,  muscle-sound  and  valve-sound  must  eventuallj' 
work  together,  and  that  the  tone  is  altered,  or  maj'  even  disappear,  when  one  of  these  causes  is 
absent.    [Yeo  and  Barrett  state  that  the  sound  is  purely  muscular  (?).] 

The  cause  of  the  second  sound  is  undoubtedly  due  to  the  prompt  closure,  and 
therefore  sudden  stretching  or  tension,  of  the  semi-lunar  valves  of  the  aorta  and 
pulmonary  artery,  so  that  it  is  purely  a  valvular  sound.  Perhaps  it  is  augmented 
by  the  sudden  vibration  of  the  fluid-particles  in  the  large  arterial  trunks.  [The 
second  sound  has  all  the  characters  of  a  valvular  sound.  That  the  aortic  valves 
are  concerned  in  its  production,  is  proved  by  introducing  a  curved  wire  through  the 
left  carotid  artery  and  hooking  up  one  or  more  segments  of  the  valve,  when  the 
sound  is  modified,  and  it  may  disappear  or  be  replaced  by  an  abnormal  sound  or 
"  murmur."  Again,  when  these  valves  are  diseased,  the  sound  is  altered,  and  it 
may  be  accompanied  or  even  displaced  by  murmurs.]  Although  the  aortic  and 
pulmonary  valves  do  not  close  simultaneously,  usually  the  difference  in  time  is 
so  small  that  both  valves  make  one  sound,  but  the  second  sound  may  be  double 
or  divided  when,  through  increase  of  the  difference  of  pressure  in  the  aorta 
and  pulmonary  artery,  the  interval  becomes  longer.  Even  in  health  this  may  be 
the  case,  as  occurs  at  the  end  of  inspiration  or  the  beginning  of  expiration  (v. 
Dusch). 

Where  the  Sounds  are  Heard  Loudest. — The  sound  produced  by  the  tiicusjnd 
valve  is  heard  loudest  at  the  junction  of  the  lower  right  costal  cartilages  with  the 
sternum  ;  as  the  mitral  valve  lies  more  to  the  left  and  deeper  in  the  chest,  and  is 
covered  in  front  by  the  arterial  orifice,  the  mitral  sound  is  best  heard  at  the  apex- 
beat,  or  immediately  above  it,  where  a  strip  of  the  left  ventricle  lies  next  tlie  chest- 
wall.  [The  sound  is  conducted  to  the  part  nearest  the  ear  of  the  listener  by  the 
muscular  substance  of  the  heart.]  The  aortic  and  pulmonary  orifices  lie  so  close 
together  that  it  is  convenient  to  listen  for  the  second  {aortic)  sound  in  the  direction 
of  the  aorta,  where  it  comes  nearest  to  the  surface,  i.e.^  over  the  second  right  costal 
cartilage  or  aortic  cartilage  close  to  its  junction  with  the  sternum.  The  sound, 
although  produced  at  the  semi-lunar  valves,  is  carried  upwards  by  the  column  of 
blood,  and  by  the  walls  of  the  aorta.  The  sound  produced  by  the  pidmo7iari/  artery 
is  heard  most  distinctly  over  the  third  left  costal  cartilage,  somewhat  to  the  left 
and  external  to  the  margin  of  the  sternum  (fig.  51). 


VARIATIONS  OF  THE  HEART-SOUNDS. 
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54.  VARIATIONS  OF  THE  HEART-SOUNDS.  —Increase  of  the  first  sound  of  both  ventricles 
indicates  a  more  energetic  contraction  of  the  ventricles  and  a  simultaneously  greater  and  more 
sudden  tension  of  the  auriculo- ventricular  valves.  Increase  of  the  second  sound  is  a  sign  of 
increased  tension  in  the  interior  of  the  corresponding  large  arteries.    Hence  increase  of  the 


The  heart— its  several  parts  and  great  vessels  in  relation  to  the  front  of  the  thorax.  The  lungs 
are  collapsed  to  their  normal  extent,  as  after  death,  exposing  the  heart.  The  outlines  of 
the  several  parts  of  the  heart  are  indicated  by  very  fine  dotted  lines.  The  area  of  pro- 
pagation of  valvular  murmurs  is  marked  out  by  more  visible  dotted  lines.  A,  the  circle 
of  mitral  murmur,  corresponds  to  the  left  apex.  The  broad  and  somewhat  diffused  area, 
roughly  triangular,  is  the  region  of  tricuspid  murmurs,  and  corresponds  generally  with 
the  right  ventricle,  where  it  is  least  covereil  by  lung.  The  letter  C  is  in  its  centre.  The 
circumscribed  cirmlar  area,  D,  is  the  part  over  which  the  pulmonic  arterial  murmurs 
are  commonly  heard  loudest.  In  many  cases  it  is  an  inch,  or  even  more,  lower  down, 
corresponding  to  the  conus  arteriosus  of  the  right  ventricle,  where  it  touches  the  wall  of 
the  thorax.  The  internal  organs  and  parts  of  organs  are  indicated  by  letters  as  follows  : — 
r.  au,  right  auricle,  traced  in  fine  dotting  ;  ao,  arch  of  aorta,  seen  in  the  first  intercostal 
space,  and  traced  in  fine  dotting  on  the  sternum  ;  v.i.,  the  two  innominate  veins  ;  r.v, 
right  ventricle  ;  l.v.,  left  ventricle. 

second  (pulmonary)  sound  indicates  overfilling  and  excessive  tension  in  the  pulmonary  circuit. 
A  feeble  action  of  the  heart,  as  well  as  abnormal  want  of  blood  in  the  heart,  causes  weak 
heart-sounds,  which  is  the  case  in  degenerations  of  the  heart-muscle. 

Irregularities  in  structure  of  the  individual  valves  may  cause  the  heart-sounds  to  become 
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DURATION  OF  THE  MOVEMENTS  OF  THE  HEART. 


"  impure."  II'  a  pathological  cavity,  filled  with  air,  be  so  placed,  and  of  such  a  form  as  to  act 
as  a  resonator  to  the  heart-sounds,  they  may  assume  a  "metallic"  character.  The  first  and 
second  sounds  maybe  "reduplicated"  or  [although  "  duplication  "  is  a  more  accurate  term 
{Barr)]  doubled.  The  reduplication  of  the  first  sound  is  explained  by  the  tension  of  the 
tricuspid  and  that  of  the  mitral  valves  not  occurring  simultaneously.  Sometimes  in  disease  a 
sound  is  produced  by  a  hypertrophied  auricle  producing  an  audible  presystolic  sound,  i.e.,  a 
sound  or  "  murmur,"  preceding  the  first  sound.  [This  has  been  questioned  quite  recently.] 
As  the  aortic  and  pulmonary  valves  do  not  close  quite  simultaneously,  a  reduplicated  second  sound 
is  only  an  increase  of  a  physiological  condition.  All  conditions  which  cause  the  aortic  valves 
to  close  rapidly  (diminished  amount  of  blood  iu  the  left  ventricle)  and  the  pulmonary  valves  to 
close  later  (congestion  of  the  right  ventricle— both  conditions  together  in  mitral  stenosis), 
favour  the  production  of  a  reduplicated  second  sound. 

Cardiac  Murmurs.— If  irregularities  occur  in  the  valves,  either  in  cases  of  stenosis  or  in 
insufficiency,  so  that  the  blood  is  subjected  to  vibratory  oscillations  and  friction,  then,  instead 
of  the  heart-sounds,  other  sounds — murmurs  or  bruits — arise  or  accompany  these.  A  combina- 
tion of  these  sounds  is  always  accompanied  by  disturbances  of  the  circulation.  [These  murmurs 
may  be  produced  within  the  heart,  when  they  are  termed  endocardial ;  or  outside  it,  when  they 
are  called  exocardial  murmurs.  But  other  murmurs  are  due  to  changes  in  the  <|uality  or 
amount  of  the  blood,  when  they  are  spoken  of  as  hsBmic  murmurs.  In  the  study  of  all  murmurs, 
note  their  rhythm  or  exact  relation  to  the  normal  sounds,  their  poi7it  of  maximum  intensity,  and 
t\iQ  direction  in  ivhieh  the  mimmir  is  propagated.]  It  is  rare  that  tumours  or  other  deposits 
projecting  into  the  ventricles  cause  murmiu-s,  unless  there  be  present  at  the  same  time  lesions 
of  the  valves  and  disturbances  of  the  circulation.  The  cardiac  murmurs  are  always  related  to 
the  systole  or  diastole,  and  usually  the  systolic  are  more  accentuated  and  louder.  Sometimes 
they  are  so  loud  that  the  thorax  trembles  under  their  irregular  oscillations  {fremitus,  fremisse- 
ment  cataire). 

In  cases  where  diastolic  murmurs  are  heard,  there  ai'e  always  anatomical  changes  in  the  cardiac 
mechanism.  These  are  insufficiency  of  the  arterial  valves,  or  stenosis  of  the  auriculo-ventricular 
orifice  (usually  the  left).  Systolic  murmurs  do  not  always  necessitate  a  disturbance  in  the 
cardiac  mechanism.  They  may  occur  on  the  left  side,  owing  to  insufficiency  of  the  mitral 
valve,  stenosis  of  the  aorta,  and  in  the  calcification  and  dilatation  of  the  ascending  part  of  the 
aorta.  These  niTirmurs  occur  very  much  less  frequently  on  the  right  side,  and  are  due  to 
insufficiency  of  the  tricuspid  and  stenosis  of  the  pulmonary  orifice. 

Functional  Murmiurs. — Systolic  murmurs  often  occi;r  without  anj' valvular  lesion,  although 
they  are  always  less  loud,  and  are  caused  by  abnormal  vibrations  of  the  valves  or  arterial  walls. 
They  occur  most  frequently  at  the  orifice  of  the  pulmonary  artery  [and  are  generally  heard  at 
the  base],  less  frequently  at  the  mitral,  and  still  less  frequently  at  the  aortic  or  the  tricuspid 
orifice.  Anemia,  general  malnutrition,  acute  febrile  affections,  are  the  causes  of  these  miu'murs. 
[Some  of  these  are  due  to  an  altered  condition  of  the  blood,  and  are  called  hsemic,  and  others 
to  defective  cardiac  muscular  nutrition,  and  are  called  dynamic  (  Walslie).] 

Sounds  may  also  occur  during  a  certain  stage  of  inflammation  of  the  pericardium  (pericarditis) 
from  the  roughened  surfaces  of  this  membrane  rubbing  upon  each  other.  Audible  friction 
sounds  are  thus  produced,  and  the  vibration  may  even  be  perceptible  to  touch.  [These  are 
"  friction  sounds,^'  and  quite  distinct  from  sounds  produced  within  the  heart  itself.] 

55.  DURATION  OF  THE  MOVEMENTS  OF  THE  HEART.— The  heart  con- 
tinues to  beat  for  some  time  after  it  is 
cut  out  of  the  body.     The  movement 
lasts  longer  in  cold-blooded  animals  (frog, 
turtle) — extending  even  to  days — than  in 
mammals.    A  rabbit's  heart  beats  from 
3  minutes  up  to  36  minutes  after  it  is  cut 
out  of  the  body.    The  average  of  many 
experiments  is  about  11  minutes.  [Waller 
and  Reid  recorded  the  ventricular  contrac- 
^^^^^^^^^^^^^^^^^^^^^  tions  of  a  rabbit's  heart  72  minutes  after 
^^^^^^^■i^^MBBBBBII^M  its  excision.   Fig.  52  shows  the  prolonga- 
Fig.  52.  ^"^P^      the  ventricular  systole  in  an  ex- 

Curves  of  excised  rabbit's  heart,  1,  6mins.  after  cised  rabbit's  heart,  the  movements  being 
excision;  2,  10  mins. ;  3,  20  mins.;  4,  70  recorded  by  a  lever  resting  on  the  heart! 
mins.  (after  Waller  and  Reid).  Panum  found  the  last  trace  of  contraction 

to  occur  in  the  right  auricle  (rabbit)  15  hours  after  death  ;  in  a  mouse's  heart,  46 
hours  ;  in  a  dog's,  96  hours.    An  excised  frog's  heart  beats,  at  the  longest,  21  days 
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(  Valentin).  In  a  human  embryo  (third  month)  the  heart  was  found  beating  after 
4  hours.  In  this  condition  stimulation  causes  an  increase  and  acceleration  of  the 
action.  The  ventricular  contraction  weakens,  and  soon  each  auricular  contraction  is 
not  followed  by  a  ventricular  contraction,  two  or  more  of  the  former  being  suc- 
ceeded by  only  one  of  the  latter.  At  the  same  time  the  ventricles  contract  more 
slowly  (tig.  46),  and  soon  stop  altogether,  while  the  auricles  continue  to  beat.  If 
the  ventricles  be  stimulated  directly,  as  by  pricking  them  with  a  pin,  they  may 
execute  a  contraction.  The  left  auricle  soon  ceases  to  beat,  while  the  right  auricle 
still  continues  to  contract.  The  right  auricular  appendix  continues  to  beat  longest, 
as  was  observed  by  Galen  and  Cardanus  (1550),  and  it  is  termed  "ultimuni 
moriens."  Similar  observations  have  been  made  upon  the  hearts  of  persons  who 
have  been  executed. 

If  the  heart  has  ceased  to  beat,  it  may  be  excited  to  contract  for  a  short  time  by 
direct  stimulation,  more  especially  by  heat  (Harvey) ;  even  under  these  circum- 
stances the  auricles  and  their  appendices  are  the  last  parts  to  cease  contracting. 
As  a  general  rule,  direct  stimulation,  although  it  may  cause  the  heart  to  act  more 
vigorously  for  a  short  time,  brings  it  to  rest  sooner.  In  such  cases,  therefore,  the 
regular  sequence  of  events  ceases,  and  there  is  usually  a  twitching  movement  of  the 
muscular  fibres  of  the  heart.  C.  Ludwig  found  that,  even  after  the  excitability  is 
extinguished  in  the  mammalian  heart,  it  may  be  restored  by  injecting  arterial  blood 
into  the  coronary  arteries :  conversely  lesion  of  these  vessels  is  followed  by 
•enfeebled  action  of  the  heart  (§  47).  Hammer  found  that  in  a  man,  whose  left 
coronary  artery  was  plugged,  the  pulse  fell  from  80  to  8  beats  per  minute. 

[The  beats  of  the  excised  heart  of  a  rabbit  gracUially  decline  in  force  and  frequency,  the  latent 
period  and  contraction  become  longer  and  the  excitability  more  obtuse.  The  duration  of  a  con- 
traction may  be  6  sec,  the  normal  being  "3  sec.  The  beats  have  often  a  bigeminal  character.  An 
excised  heart  may  be  frozen  quite  hard,  yet  on  being  thawed  it  contracts  spontaneously.  The 
contraction  proceeds  in  a  wave  from  the  spot  stimulated  in  the  frog's  heart  at  8°  to  12°  C.  at  30 
to  90  mm.  per  sec. ;  in  tlic  mammalian  excised  heart  about  8  metres  per  sec.  (  JVaUer  and  Rcid).'] 

Action  of  Gases  on  the  Heart. — During  its  activity  the  heart  uses  O,  and  produces  C0„,  so 
that  it  beats  longest  in  pure  0  (12  hours),  and  not  so  long  in  N,— H  (1  hour) — COo  (10  minutes) 
— CO  (42  minutes) — CI  (2  minutes),  or  in  a  vacuum  (20  to  30  minutes),  even  when  there  is  watery 
vapour  present  to  prevent  evaporation.  If  the  heart  be  reintroduced  into  0  it  begins  to  beat 
again.  [A  frog's  heart  ceases  to  beat  in  compressed  0  (10  to  12  atmospheres)  in  about  one-third 
•of  the  time  it  Avould  do  were  it  simply  excised  and  left  to  itself.  An  excised  heart  suspended 
in  ordinary  air  beats  three  to  four  times  as  long  as  a  heart  which  is  placed  upon  a  glass-plate.] 

[56.  PHYSICAL  EXAMINATION  OF  THE  HEART.— The  physical 
methods  of  diagnosis  enable  us  to  obtain  precise  knowledge  regarding  the  actual 
state  of  the  heart.    The  methods  available  are  : — 

1.  Inspection.  3.  Percussion, 

2.  Palpation.  4.  Auscultation, 

To  arrive  at  a  correct  diagnosis  all  the  methods  must  be  employed.] 

[Inspection. — The  person  is  supposed  to  have  his  chest  exposed  and  to  be  in  the  recumbent 
position.  It  is  important  to  remember  the  limits  of  the  heart.  The  base  corresponds  to  a  line 
joining  the  upper  margins  of  the  third  costal  cartilages,  the  apex  to  the  fifth  interspace,  while  trans- 
versely it  extends  from  a  little  to  the  right  of  the  sternum  to  within  a  little  of  the  left  nipple  ; 
this  area  occupied  by  the  heart  being  called  the  deep  cardiac  region.  By  the  eye  we  can  detect 
any  alteration  in  the  configuration  of  the  pnecordia,  bulging  or  retraction  of  the  region  as  a 
whole  or  of  the  intercostal  spaces,  and  we  may  detect  variations  in  the  position,  character, 
•extent  of  the  cardiac  impulse,  or  the  presence  of  other  visible  pulsations.] 

[Palpation. — By  placing  the  whole  hand  flat  upon  the  i)r;ecordia,  we  can  ascertain  the 
presence  or  absence,  the  situation  and  extent,  and  any  alterations  in  the  characters  of  the  apex- 
beat;  or  we  may  detect  the  existence  of  abnormal  pulsations,  vibrations,  thrills,  or  friction  in 
this  region.  In  feeling  for  the  apex-beat,  if  it  be  at  all  feeble,  it  is  well  to  make  the  patient 
lean  forward.  Of  course,  it  must  be  remembered  that  the  whole  heart  may  be  displaced  by 
tumours  or  accumulations  of  fluids  pressing  upon  it,  i.e.,  conditions  external  to  itself,  or  the 
apex-beat  may  be  displaced  from  causes  within  the  heart  itself,  as  in  hypertrophy  of  the  left 
ventricle.], 
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[Percussion. —As  the  heart  is  a  solid  organ,  and  is  surrounded  by  the  lungs,  which  contain 
air,  it  is  evident  tliat  the  sound  emitted  by  striking  the  chest  over  the  region  of  the  former 
must  be  different  from  that  produced  over  the  latter.  Not  only  is  there  a  difference  in  the 
sound  or  note  emitted,  but  the  "  sensation  of  resistance  "  which  one  feels  on  percussing  the  two 
organs  is  different.    We  may  ascertain — 

1.  The  superficial  or  absolute  cardiac  dulness. 

2.  The  deep  or  relative  dulness.] 

[Superficial  Cardiac  Dulness. — This  theoretically  is  the  part  of  the  heart  in  direct  contact 
with  the  chest-wall  and  uncovered  by  lung,  but  obviously  as  the  lungs  vary  in  size  during 
respiration,  it  must  be  smaller  during  inspiration  and  larger  during  expiration.  It  forms  a 
roughly  triangular  space,  whose  base  cannot  be  accurately  determined,  as  the  heart-dulness 
merges  into  that  of  the  liver,  situate  below  it,  but  it  corresponds  to  a  horizontal  line  2^  inches, 
long,  extending  from  the  apex-beat  to  the  middle  of  the  sternum.  The  internal  side  corre- 
sponding to  the  left  edge  of  the  sternum  is  2  inches  long,  and  reaches  from  the  junction  of  the 
fourth  costal  cartilage  with  the  sterniini — apex  of  the  triangle — to  the  sternal  end  of  the  base 
line.  The  superior,  outer,  or  oblique  line,  3  inches  in  length,  is  somewhat  curved,  and  passes 
downwards  and  outwards  from  the  apex  of  the  triangle  to  the  apex  of  the  heart.] 

[Deep  Cardiac  Dulness. — By  this  method  theoretically  we  seek  to  define  the  exact  limits  of 
the  heart  as  a  wliole,  and  thus  to  ascertain  its  absolute  size,  and  of  course  percussion  has  to  be 
done  through  a  certain  thickness  of  lung  tissue,  and  hence  one  must  strike  the  pleximeter 
forcibly.  It  extends  vertically  from  the  third  rib  and  ends  at  the  sixth,  but  owing  to  the 
cardiac  merging  in  the  hepatic  dulness,  this  lower  limit  cannot  be  accurately  ascertained  ;  while 
traim-crschj  at  the  foiu'th  rib  it  extends  from  just  within  the  nipple  line  to  slightly  beyond  the 
right  of  the  sternum.  By  these  means  we  may  detect  increase  in  the  size  of  the  heart  or  altera- 
tions in  the  relation  of  the  lungs  to  the  heart,  fluid  in  pericardium,  &c.] 

[Auscultation. — This  is  one  of  the  most  valuable  methods,  for  by  it  we  can  detect  variations 
and  modifications  in  the  healthy  sounds  of  the  heart,  the  rhythm  and  frequency  of  the  heart- 
beat, the  existence  of  abnormal  sounds,  and  their  exact  relation  to  the  normal  sounds,  also 
their  characters  and  relation  to  the  cardiac  cycle,  and  the  direction  in  which  these  sounds  are 
propagated  (§  54).] 

57-  INNERVATION  OF  THE  HEART.— [Intra-  and  Extra-Cardiac  Nervous 
Mechanism. — When  the  heart  is  removed  from  the  body,  or  when  all  the  nerves 
which  pass  to  it  are  divided,  it  still  beats  for  some  time,  so  that  its  movements 
must  depend  upon  some  mechanism  situated  within  itself.  The  ordinary  rhythmical 
movements  of  the  heart  are  undoubtedly  associated  vnth  the  presence  of  nerve 
ganglia,  which  exist  in  the  substance  of  the  heart — the  intra-cardiac  ganglia.  But 
the  movements  of  the  heart  are  influenced  by  nervous  impulses  which  reach  it  from 
without,  so  that  there  falls  to  be  studied  an  intra-cardiac  and  an  extra-cardiac 
nervous  mechanism.] 

The  cardiac  plexus  is  composed  of  the  following  nerves: — (1)  The  cardiac 
branches  of  the  vagus,  the  branch  of  the  same  name  from  the  external  branch  of 
the  superior  laryngeal,  a  branch  from  the  inferior  laryngeal,  and  sometimes  branches, 
from  the  pulmonary  plexus  of  the  vagus  (more  numerous  on  the  right  side) ;  (2) 
the  superior,  middle,  inferior,  and  lowest  cardiac  branches  of  the  three  cervical 
ganglia  and  the  first  thoracic  ganglia  of  the  sympathetic ;  (3)  the  inconstant  twig 
of  the  descending  branch  of  the  hypoglossal  nerve,  which,  according  to  Luschka, 
arises  from  the  upper  cervical  ganglion.  From  the  plexus  there  proceed — the  deej) 
and  the  superficial  nerves  (the  latter  usually  at  the  division  of  the  pulmonary 
artery  under  the  arch  of  the  aorta,  and  containing  the  ganglion  of  Wrisberg) 
(§  370).    The  following  nerves  may  be  separately  traced  from  the  plexus  : — 

(a)  The  plexus  coronarius  dexter  and  sinister,  which  contains  the  vaso-motor 
nerves  for  the  coronary  vessels  (physiological  proof  still  wanting)  as  well  as  the 
nerves  (sensory  ?)  proceeding  from  them  (to  the  pericardium  X). 

(h)  Intra-cardiac  nerves  and  ganglia.— The  nerves  lying  in  the  grooves  of  the 
heart  and  in  its  stdjstance  contain  numerous  ganglia  {Remak\  and  are  regarded  as 
the  automatic  motor  centres  of  the  heart.  A  nervous  ring  containing  numerous 
ganglia  corresponds  to  the  margin  of  the  septum  atriorum  ;  there  is  another  in  the 
auriculo-ventricular  groove.    Where  the  two  meet,  they  exchange  fibres.  The 
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:ganglia  usually  lie  near  the  pericardium.  In  mammals,  the  two  largest  ganglia  lie 
near  the  orifice  of  the  superior  vena  cava — in  birds,  the  largest  ganglion  (containing 
thousands  of  ganglionic  cells)  lies  posteriorly  where  the  longitudinal  and  transverse 
sulci  cross  each  other.  Fine  branches,  also  provided  with  small  ganglia,  proceed 
from  these  ganglia,  and  penetrate  the  muscular  walls  of  the  auricles  and  ventricles. 

[Frog's  Heart. — The  frog's  heart  consists  of  the  sinus  vcnosus,  into  which  open  the  single 
inferior  and  the  two  superior  venje  caviu  (fig.  54).  There  are  two  auricles  ;  the  right  one  com- 
municates with  the  sinus  venosus,  and  opens  into  the  single  ventricle  ;  the  left  auricle  also 
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Fig.  53. 


V,  single  vcn- 


Heart  of  frog  from  the  front 

tricle  ;  Ad,  As,  right  and  left  auricles ; 
B,  bulbus  ai'teriosus  ;  1,  carotid,  2,  aoita, 
and  3,  pulmo-cutaneous  arteries  ;  C,  ca- 
rotid gland. 
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Fig.  54. 

Heart  of  frog  from  behind,  s.v.,  sinus  ve- 
nosus opened  ;  ci,  inferior  ;  csd,  ess,  right 
and  left  superior  venpe  cavje  ;  vp.,  pul- 
monary vein  ;  Ad,  and  As,  right  and 
left  auricles  ;  A^y,  communication  between 
the  right  and  left  auricle. 


opens  into  the  single  ventnelc  (fig.  53,  v),  and  in  the  latter  are  mixed  the  venous  blood  returned 
by  the  right  auricle  and  the  arterial  blood  from  the  left  auricle.  The  aorta  with  its  hidbus 
■arteriosm  conducts  the  blood  from  the  ventricle.    The  various  orifices  are  guarded  by  projec- 


Fig.  55. 

Auricular  septum  of  a  frog's  heart,  a,  an- 
terior, and  p,  posterior  branch  of  the  car- 
diac vagus  ;  B,  Bidder's  ganglion. 


Fig.  56. 

Pyriform  ganglionic  bi-polar  nerve-cell  from 
the  heart  of  a  frog,  m,  sheath  ;  n,  straight 
process  ;  o,  spiral  process. 


tions  of  tissue,  which  act  like  valves.  The  two  auricles  are  comjdetely  separated  by  a  septum. 
This  septum  ends  posteriorly  in  a  free  concave  margin  so  as  to  divide  the  auriculo-ventricular 
orifice  into  a  right  and  a  left  orifice.  Each  orifice  is  guarded  by  two  tliick  flesliy  valves,  which 
close  it.] 

[Nerves. — The  two  cardiac  branches  of  the  vagi — the  nam  cardiaci — proceed  to  the  posterior 
surface  of  the  sinus  venosus,  and  where  the  latter  joins  the  auricle  they  interlace,  and  are  mixed 
with  a  number  of  ganglion  cells  (fig.  57).    This  spot  is  called  Remak's  ganglion,  is  sometimes 
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single,  at  others  double,  and  it  can  be  seen  as  a  white  "crescent"  when  the  heart  is  lifted  up 
and  looked  at  from  behind  (lig.  54).  The  cardiac  nerves  proceed  downwards  on  the  auricular 
septum,  exchanging  fibres  in  their  course  to  join  two  ganglia  at  the  auriculo-ventricular  groove, 
and  known  as  Bidder's  ganglia  (fig.  57).  It  has  been  stated  by  one  observer  that  the  bulbus 
arteriosus  contains  ganglionic  cells,  but  this  is  denied  by  others.] 

According  to  Openchowsky,  every  part  of  the  heart  (frog,  triton,  tortoise)  contains  nerve- 
fibres  which  are  connected  with  every  muscular  fibre.    In  the  auricles,  at  the  end  of  the  non- 


mcdullated  fibre,  a  tri-radiate  nucleus  exists  which  gives  off  fibrils  to  the  muscular  bundles. 
There  is  a  network  of  fine  nerve-fibres  distributed  immediately  under  the  endocardium — these 
fibres  act  partly  in  a  centripetal  direction  on  the  cardiac  ganglia,  and  are  partly  motor  for  the 
endocardial  muscles.  The  parietal  layer  of  the  pericardium  contains  (sensory)  nerve-fibres. 
The  following  kinds  of  nerve-cells  are  ioxmii.— unipolar  cells,  the  single  processes  of  which  after- 
wards divide  ;  bipolar  pyriform  cells  (fig.  56),  which  in  the  frog  possess  a  straight  (?i)  and 
usually  also  a  spiral  process  (o). 


58-  THE  AUTOMATIC  MOTOR  CENTRES  OF  THE  HEART.— (1)  It  is 


generally  assumed  that  the  nervous  centres  which  excite  the  cardiac  movements, 
and  maintain  the  rhythm  of  these  movements,  lie  within  the  heart,  and  that  they 
are  probably  represented  by  the  ganglia. 

(2)  There  are — not  one,  but  several  of  these  centres  in  the  heart,  which  are 
connected  with  each  other  by  conducting  paths.  As  long  as  the  heart  is  intact,  all 
its  parts  move  in  rhythmical  sequence  from  a  principal  central  point,  an  impulse 
being  conducted  from  this  centre  through  the  conducting  paths.  What  the 
"  discharging  forces  "  of  these  regular  progressive  movements  are,  is  unknown. 
If,  however,  the  heart  be  subjected  to  the  action  of  diffuse  stimuli  {e.g.,  strong 
electrical  currents),  all  the  centres  are  thrown  into  action,  and  a  spasm-like  action 
of  the  heart  occurs.  The  dominating  centre  lies  in  the  atirides,  hence  the  regular 
progressive  movement  usually  starts  from  them.  If  the  excitability  is  diminished, 
as  by  touching  the  septum  with  opium,  other  centres  seem  to  undertake  this 
function,  in  which  case  the  movement  may  extend  from  the  ventricles  to  the 
auricles.  According  to  Kronecker  and  Schmey,  in  the  dog^s  heart  there  is  a  spot 
above  the  lower  limit  of  the  upper  third  of  the  ventricular  septum,  which,  when  it 
is  injured,  e.g.,  by  destroying  it  with  a  stout  needle,  brings  the  heart  to  a  stand- 
still ;  this  has  been  called  a  co-ordinating  centre. 

(3)  All  stimuli  of  moderate  strength  applied  directly  to  the  heart  cause  at  first 
an  increase  of  the  rhythmical  heart-beats  ;  stronger  stimuli  cause  a  diminution,  and 
it  may  be  paralysis,  which  is  often  preceded  by  a  convulsive  movement.  Increased 
activity  exhausts  the  energy  of  the  heart  sooner. 

(4)  Single  very  weak  stimuli,  which  have  no  effect  on  the  heart  when  applied 
singly,  if  repeated  sufficiently  often,  may  become  active  owing  to  "  summation  of 
the  stimuli  "  {v.  Basch). 

(5)  Even  the  weakest  stimulus  which  can  excite  a  contraction  always  causes  an 
energetic  contraction,  i.e.,  "  the  minimal  stimulus  causes  a  maximal  effect " 
{Boivditch,  Kronecker  and  Stirling). 


Fig.  57. 


Fig.  58. 


Scheme  of  nerves  of  frog's  heart. 
R.  Remak's,  and  B,  Bidder's  gan- 
glia ;  S.V.,  sinus  venosus  ;  A, 
auricles;  V,  ventricle;  B.A., 
bulbus  arteriosus  ;  vag,  vagi. 


Staunius's  experiment.  A,  auricle  ; 
V,  ventricle  ;  S.  V.,  sinus  venosus. 
The  zig-zag  lines  indicate  which 
parts  continue  to  beat ;  in  2  the 
ventricle  beats  at  a  different  rate. 
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(6)  After  every  contraction  of  the  heart  there  is  a  short  period  of  "  diminished 
excitability"  or  Marey's  "refractory  period,"  during  which  the  heart  is  less 
susceptible  to  further  stimulation. 

(7)  The  non-ganglionic  apex  of  the  heart,  when  it  is  not  stimulated,  no  longer 
beats  spontaneously,  but  it  responds  each  time  by  a  single  contraction  to  a  single 
direct  stimulus.  If,  however,  a  continuous  stimulus,  a  continuous  current  of 
electricity,  be  applied  to  it,  it  executes  a  series  of  beats.  Such  continuous  stimuli 
are  obtained  through  a  continuous  pressure  of  Huid,  exerted  on  the  interior  of  the 
heart  or  by  moistening  the  heart  with  chemical  substances. 

(8)  The  auricular  centres  seem  to  be  moi-e  excitable  than  those  of  the  ventricle  ; 
hence,  in  a  heart  left  to  itself  the  auricles  pulsate  longest. 

(9)  The  heart  may  be  excited  (reflexly)  from  its  inner  surface.  Weak  stimuli 
applied  to  the  inner  surface  of  the  heart  greatly  accelerate  the  heart's  action,  the 
stimulus  required  being  much  feebler  than  that  applied  to  the  external  surface  of 
the  heart.  Strong  stimuli,  which  bring  the  heart  to  rest,  also  act  more  easily  when 
applied  to  the  inner  surface  than  when  they  are  applied  to  its  outer  surface.  The 
ventricle  is  always  the  first  part  to  be  paralysed. 

(10)  In  order  that  the  heart  may  continue  to  contract,  it  is  necessary  that  it  be 
supplied  with  a  fluid  which,  in  addition  to  O,  must  contain  the  necessary  nutritive 
materials.  The  most  perfect  fluid,  of  course,  is  blood.  Hence  the  heart  after  a 
time  ceases  to  beat  in  an  indifferent  fluid  (0  6  per  cent,  sodium  chloride),  but  its 
activity  may  be  revived  by  supplying  it  with  a  proper  nutritive  fluid. 

Cardiac  Nutritive  Fluids. — These  nutritive  fluids  arc  such  as  contain  serum-albuniiu,  e.g., 
blood,  serum,  or  lymph.  Serum  retains  its  uutritive  properties  even  after  it  has  been  subjected 
to  diftusion  {Martins  and  Kronecker).  Milk  and  whey  \i:  Ott),  normal  saline  solution  mixed  with 
blood,  albumin,  or  ^leptone,  and  0"3  per  cent,  sodium  carbonate  {Kronecker,  Mcrunouncr^  and 
Stienon),  a  trace  of  caustic  soda  (Gaule),  or  a  solution  of  the  salts  of  serum,  are  suitable.  Alka- 
line solution  of  soda  revives  a  feebly  beating  heart  by  neutralising  tlie  acid  formed  in  the  cardiac 
muscle,  or  normal  saline  containing  calcic  phosphate  and  potassic  chloride  {S.  Jlingcr). 

(11)  The  independent  pulsations  of  parts  of  the  heart  which  are  devoid  of 
ganglia,  show  that  the  presence  of  ganglia  is  not  absolutely  necessary  in  order  to 
have  rhythmical  pulsation.  Direct  stimulation  of  the  heart  may  cause  these  move- 
ments. But  the  ganglia  are  more  excitable  than  the  heart  muscle  itself,  and  they 
conduct  the  impulses  which  lead  to  the  regular  alternating  action  of  the  various 
parts  of  the  heart,  so  that,  under  normal  circumstances,  we  must  assume  that  the 
action  of  the  heart  is  governed  by  the  ganglia. 

(12)  If  a  heart  be  cut  into  pieces,  so  that  the  individual  pieces  still  remain 
connected  with  each  other,  the  regular  peristaltic  or  wave-like  movements  proceeding 
from  the  auricles  to  the  ventricle  may  continue  for  a  long  time  {Dondem, 
Engelniann).  If  the  heart,  however,  be  completely  divided  into  two  distinct  pieces 
(auricle  and  ventricle),  the  movements  of  both  parts  continue,  but  not  in  the  same 
sequence — they  beat  at  different  rates. 

The  chief  experiments  upon  which  the  above  statements  are  based  are  as 
follows  : — 

I.  Experiments  by  cutting  and  ligaturing  the  heart.  These  experiments  have 
been  made  chiefly  upon  the  heart  of  the  frog.  The  ligature  experiments  are  per- 
formed by  tightening  and  then  relaxing  a  ligature  placed  around  the  heart,  so  that 
the  physiological  connection  is  destroyed,  while  the  anatomical  or  mechanical  con- 
nections (continuity  of  the  cardiac  wall,  intact  condition  of  its  cavities)  still  exist. 
The  most  important  of  these  experiments  are — 

(1)  Stannius's  Experiment.— If  the  sinus  venosus  of  a  frog's  heart  be  separated 
from  the  auricles,  either  by  an  incision  or  by  a  ligature,  the  auricles  and  ventricle 
stand  still  in  diastole,  whilst  the  veins  and  the  remainder  of  the  sinus  continue  to 
beat  (fig.  58,  1).    If  a  second  incision  be  made  at  the  auriculo-ventricular  groove. 
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as  a  rule  the  ventricle  begins  at  once  to  beat  again,  whilst  the  auricles  remain  in 
the  condition  of  diastolic  rest.  [Thus  the  sinus  venosus  and  ventricle  continue  to 
beat,  -svhile  the  auricle  stands  still,  but  the  two  former  no  longer  beat  with  the  same 
rhythm,  the  ventricle  usually  beats  more  slowly,  as  is  shown  in  fig.  58,  2,  by  the 
large  zig-zags.]  According  to  the  position  of  the  second  ligature  or  incision,  the 
auricles  may  also  beat  along  with  the  ventricles,  or  the  auricles  alone  may  beat, 
while  the  ventricles  remain  at  rest. 

Theoretical. — Various  explanations  of  these  experiments  have  been  given  : — (a)  Remak's 
ganglion  in  the  sinus  venosus  is  distinguished  by  its  great  excitability,  while  Bidder's  ganglion 
in  the  auriculo-ventricular  groove  is  less  excitable  ;  in  the  normal  condition  of  the  heart  the 
motor  impulse  is  carried  from  the  former  to  the  latter.  If  the  sinus  venosus  be  separated  from 
the  heart,  Remak's  ganglion  has  no  action  on  the  heart.  The  heart  stops  for  two  reasons — 
first,  because  Bidder's  ganglion  alone  has  not  sufiicient  energy  to  excite  it  to  action,  and  because 
the  inhibitory  fibres  of  the  vagus  going  to  the  heart  have  been  stimulated  by  being  divided  at 
this  i)oint  {Hcidcnhain).  [That  stimulation  of  the  inhibitory  fibres  of  the  vagus  is  not  the 
cause  of  the  standstill,  is  proved  by  the  fact  that  the  standstill  occurs  even  after  the  adminis- 
tration of  atropine,  which  paralyses  tlie  cardiac  inhibitory  mechanism.]  The  passive  heart, 
however,  may  be  made  to  contract  by  mechanically  stimulating  Bidder's  ganglion,  e.g. ,  by  a 
slight  prick  with  a  needle  in  the  auriculo-ventricular  groove,  or  by  the  action  of  a  constant 
current  of  moderate  strength  {Eckhard),  the  ventricular  pulsation  at  the  same  time  preceding 
the  auricular  {v.  Bczold,  Bernstein).  If  the  auriculo-ventricular  groove  be  divided,  the  ventricle 
pulsates  again,  because  Bidder's  ganglion  has  been  stimulated  by  the  act  of  dividing  it ;  while, 
at  the  same  time,  the  ventricle  is  withdrawn  from  the  inhibitory  influence  of  the  vagus  pro- 
duced by  the  first  division  at  the  sinus  venosus.  If  the  line  of  separation  is  so  made  that 
Bidder's  ganglion  remains  attached  to  the  auricles,  these  pulsate,  and  the  ventricle  rests  ;  if  it 
be  divided  into  halves,  the  auricles  and  ventricles  pulsate,  each  half  being  excited  by  the  portion 
of  the  ganglion  in  relation  with  it.  {b)  According  to  another  view,  both  Remak's  {a)  and 
Bidder's  ganglia  {b)  are  motor  centres,  but  in  the  auricles  there  is  in  addition  an  inhibitory 
ganglionic  system  (f)  {Bczold,  Traube).  Under  normal  circumstances  a  +  b  is,  stronger  than  c, 
while  c  is  stronger  than  a  or  &  separately.  If  the  sinus  venosus  be  separated  it  beats  in  virtue 
of  a  ;  on  the  other  hand,  the  heart  rests  because  c  is  stronger  than  b.  If  the  section  be  made 
at  the  level  of  the  auriculo-ventricular  groove,  the  auricles  stand  still  owing  to  c,  while  the 
ventricle  beats  owing  to  b. 

(2)  If  the  ventricle  of  a  frog's  heart  be  separated  from  the  rest  of  the  heart  by 
means  of  a  ligature,  or  by  an  incision  can-ied  through  it  at  the  level  of  the 
auriculo-ventricular  groove,  the  sinus  and  atria  pulsate  undisturbed  as  before 
{Descartes,  1644),  but  the  ventricle  stands  still  in  diastole.  A  single  local  stimulus 
applied  to  the  ventricle  is  responded  to  by  a  single  contraction.  If  the  incision  be 
so  made  that  the  lower  margin  of  the  auricular  septum  remains  attached  to  the 
ventricle,  the  latter  pulsates.  Even  the  ventricles  of  a  rabbit's  heart,  when  separated 
vi^ith  a  part  of  the  auricles  in  connection  with  them,  pulsate  {Tvjerstedt). 

[Gaskell's  Clamp.— Gask ell  uses  a  clamp,  regulated  by  a  millimetre  screw,  to  compress  the 
heart,  and  thus  to  obstruct  the  passage  of  impulses  frora'one  part  of  the  heart  to  the  other,  or 
to  "block"  the  way,  the  pulsations  of  the  auricles  and  ventricles  being  separately  registered. 
By  compressing  the  heart  at  the  auriculo-venti  icular  groove,  the  ratio  of  auricular  and  ventri- 
cular beats  alters,  and  instead  of  being  1  :  1,  there  may  be  2,  3,  or  more  auricular  beats  for  each 

beat  of  the  ventricle,  expressed  thus—  ^  .  ^  ,  11?  ,       _    After  the  heart  is  fixed  by  the 

clamp,  levels  are  placed  horizontally  above  and  below  the  heart.  These  levers  are  fixed  to  part 
of  the  auricles  and  to  the  a])ex  by  means  of  threads.  Each  part  of  the  heart  attached  to  a 
lever,  as  it  contracts,  pulls  upon  its  own  lever,  so  that  the  extent  and  duration  of  each  con- 
traction may  be  registered.  This  method  is  applicable  for  studying  the  etiect  of  the  vao-us 
and  other  nerves  upon  the  heart.]  ° 

(3)  Section.— A.  Fick  showed  that  the  process  of  excitement  in  the  contractile 
tissue  of  the  frog's  heart  is  propagated  in  all  directions  (1874),  so  that  to  a  certain 
extent  the  whole  frog's  heart  behaves  like  one  continuous  muscular  fibre,  thus  one 
transverse  cut  into  the  ventricle  does  not  prevent  contraction  from  taking  place  in 
the  separated  parts.  Eugelmann's  experiments  also  show  that  if  the  ventricle  of  a 
frog's  heart  be  cut  up  into  two  or  more  strips  in  a  zig-zag  way,  so  that  the 
individual  parts  still  remain  connected  with  each  other  by  muscular  tissue,  the 
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strips  still  beat  in  a  regularly  progressive  rhythmical  manner,  provided  one  strip 
IS  caused  to  contract.  The  rapidity  of  the  transmission  is  about  10  to  15  mm.  per 
sec.  Hence,  it  appears  that  the  conducting  paths  for  the  impulse  causing  the  con- 
traction are  not  nervous,  but  must  be  the  contractile  mass  itself.  It  has  not  been 
proved  that  nerve-fibres  proceed  from  the  ganglia  to  all  the  muscles. 

[According  to  Marchaud's  experiments,  it  takes  a  very  long  time  for  the  excitement  to  pass 
from  the  auncles  to  the  ventricle— a  much  longer  time,  "in  fact,  than  it  would  require  to  conduct 
the  excitement  through  muscle— so  that  it  is  probable  that  the  propagation  of  the  impulse  from 
the  auricles  to  the  ventricle  is  conducted  by  nervous  channels  to  the  auriculo-ventricular 
nervous  apparatus.  In  fact,  in  the  mammalian  heart  the  muscular  fibres  of  the  auricles  are 
quite  distinct  from  those  of  the  ventricles.] 

(4)  When  the  apex  of  a  frog's  heart  is  ligatured  off  from  the  rest  of  the  heart,  it 
no  longer  pulsates  {Heidenhain,  Goltz),  but  such  an  apex,  if  stimulated  directly, 
e.(/.,  by  a  prick  of  a  pin,  responds  with  a  single  contraction.  If  the  "  heart-apex  " 
be  filled  ^yith  normal  saline  solution  under  pressure,  which  acts  as  a  stimulus,  the 
heart  begins  to  pulsate,  and  the  same  is  the  case  with  a  solution  of  delphinin  or 
quinine.  If  a  cannula  be  tied  into  the  heart  over  the  auriculo-ventricular  groove, 
the  ventricle  does  not  beat,  but  if  the  ventricle  be  filled  through  the  cannula  with 
blood  containing  oxygen,  under  a  constant  and  sufficient  pressure,  it  also  pulsates 
{Ludxvig  and  Merunowicz). 

[(5)  Luciani  found  that  a  heart  ligatured  above  the  auriculo-ventricular  groove, 
when  filled  wuth  pure  serum,  produced  (/roups  of  jmlsations  with  a  long  diastolic 
pause  between  every  two  groups  (fig.  59).    The  successive  beats  in  each  group 


Fig.  59. 

Four  groups  of  pulsations  with  intervening  pauses,  with  their  "  staircase  "  character.  The 
points  on  the  abscissa  were  marked  every  10  seconds. 


assume  a  "staircase"  character  (p.  84).  These  periodic  groups  undergo  many 
changes  ;  they  occur  when  the  heart  is  filled  with  pure  serum  free  from  blood- 
corpuscles,  and  they  disappear  and  give  place  to  regular  pulsations  when  defibrinated 
blood  or  serum  containing  haemoglobin  or  normal  saline  solution  is  used  {Rosshach). 
They  also  occur  when  the  blood  within  the  heart  has  become  dark-coloured,  i.e., 
when  it  has  been  deprived  of  certain  of  its  constituents,  and  if  a  trace  of  veratrin 
be  added  to  bright  red  blood  they  occur.] 

(6)  An  apex  preparation,  when  stimulated  with  even  a  weak  induction  shock, 
always  gives  its  maximal  contraction,  and  when  a  tetanising  current  is  applied, 
tetanus  does  not  occur  {Kronecher  and  Stirling).  When  the  opening  and  closing 
shocks  of  a  sufficiently  strong  constant  current  are  applied  to  the  heart-apex,  it 
contracts  with  each  closing  or  opening  shock.  [When  a  constant  current  is  applied 
to  the  lower  two-thirds  of  the  ventricle  (heart-apex),  under  certain  conditions  the 
apex  contracts  rhythniadly.  This  is  an  important  fact  in  connection  with  any 
theory  of  the  cardiac  beat.] 

(7)  If  the  bulbus  aort£B  (frog)  be  ligatured,  it  still  pulsates,  provided  the  internal 
pressure  be  moderate.  Should  it  cease  to  beat,  a  single  stimulus  makes  it  respond 
by  a  series  of  contractions.  Increase  of  temperature  to  35°  C,  and  raising  the 
pressure  within  it,  increase  the  number  of  pulsations  {Engelmann). 

Action  of  Fluids. — Haller  was  of  opinion  that  the  venous  blood  was  the  natural 
stimulus  which  caused  the  heart  to  contract.    That  this  is  not  so,  is  proved  at  once 
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by  the  fact  that  the  heart  beats  rhythmically  when  it  contains  no  blood.  Blood 
and  other  fluids  which  are  supplied  to  an  excised  heart  are  not  the  cause  of  its 
rhythmical  movements,  but  only  the  conditions  on  which  these  movements  depend. 

[Methods  —The  studv  of  the  action  of  fluids  upon  the  excised  frog's  heart  has  been  rendered 
possible  by  the  invention  of  Ludvvig's  "frog-manometer."    The  apparatus  (fig.  60)  consists 

of  (1)  a  double-way  cannula,  c,  which  is  tied  into  the 
heart,  h;  (2)  a  manometer,  m,  connected  with  c,  and 
registering  the  movements  of  its  mercury  on  a  revolving 
cylinder,  cyl ;  (3)  two  Mariotte's  flasks,  a  and  b,  which 
are  connected  with  the  other  limb  of  the  cannula. 
E^ither  a  or  h  can  be  placed  in  communication  with  the 
interior  of  the  heart  by  means  of  the  stop-cock,  s.  The 
fluid  in  one  gi-aduated  tube  may  be  poisoned,  and  the 
other  not;  d  is  a  glass  vessel  for  fluid,  in  which  the 
heart  pulsates,  c'  and  c  are  electrodes,  c  is  inserted  into 
the  fluid  in  d,  c'  is  attached  to  the  German  silver  cannula 
which  is  shown  in  flg.  61.] 

[In  the  tonometer  of  Roy  (fig.  62)  the  ventricle,  h, 
or  the  whole  heart,  is  placed  in  an  air-tight  chamber,  o, 
filled  with  oil.  As  before,  a  "perfusion"  cannula  is 
tied  into  the  heart.  A  piston,  j),  works  up  and  down  in 
a  cylinder,  and  is  adjusted  by  means  of  a  thin  flexible 
animal  membrane,  such  as  is  used  by  perfumers. 
Attached  to  the  piston  by  means  of  a  thread  is  a 
writing-lever,  I,  which  records  the  variations  of  pres- 
sure within  the  chamber,  o.  "When  the  ventricle  con- 
tracts, it  becomes  smaller,  diminishes  the  pressure  within 
0,  and  hence  the  piston  and  lever  rise  ;  conversely,  when 
the  heart  dilates,  the  lever  and  piston  descend.  "Varia- 
tions in  the  volume  of  the  ventricle  may  be  registered, 
W'ithout  in  any  way  interfering  with  the  flow  of  fluids 
through  it.] 

[Two  preparations  of  the  frog's  heart  have  been  used 
— (1)  The  "heart,"  in  which  case  the  cannula  is  intro- 
duced into  the  heart  through  the  sinus  venosus,  and 
above  the  auriculo-ventricular  groove.  Thus 
the  auriculo-ventricular  ganglia  and  other  nervous  structures  remain  in  the  preparation.  This 

was  the  heart  preparation  em- 
\\     y/^  liloyedbyLucianiandRossbach. 

(2)  In  the  "heart-apex"  or 
apex  preparation,  the  cannula 
is  introduced  as  before,  but  the 
ligature  is  tied  on  it  over  the 
ventricle,  several  millimetres 
below  the  auriculo-ventricular 
groove,  so  that  this  preparation 
contains  none  of  the  auriculo- 
ventricular  ganglia,  and,  accord- 
ing to  the  usual  statement,  this 
part  of  the  heart  is  devoid  of 
nerve  ganglia.  This  is  the  pre- 
paration which  was  used  by 
Bowditch,  Kronecker  and  Stir- 
ling, Meruuowicz,  and  others. 


Fig.  60. 

Scheme  of  a  frog-manometer,  a,  b, 
Mariotte's  flasks  for  the  nutrient 
fluids  ;  s,  stop-cock ;  c,  cannula  ;  vi, 
manometer  ;  h,  heart ;  d,  glass  cup 
for  A;  c',  e,  electrodes;  ajl,  revolving 
cylinder. 

a  ligature  is  tied  over  it  around  the  auricle,  i.e. 


Fig.  61. 

Perfusion  cannula  for  a  frog's 
heart,  c,  for  fixing  an  electrode ; 
d,  the  heart  is  tied  over  the 
flanges,  preventing  it  from 
slipping  out ;  c,  section  of  d. 


I 


Fig.  62. 

Roy's  heart  tonometer.  1i,  heart ;  o,  air-tight  chamber  ; 
piston  ;  I,  writing-lever  ;  e,  outflow  tube. 
The  first  eff"ect  of  the  application  of  the  ligature  in  both  cases  is,  that  both  preparations  cease  to 
beat,  but  the  "heart"  usually  resumes  its  rhythmical  contractions  within  several  minutes,  while 
the  "  heart-apex"  does  not  contract  spontaneously  until  after  a  much  longer  time  (10  to  90  mins  )  1 
[If  the  "heart-apex"  be  filled  with  a  0-6  per  cent,  solution  of  common  salt,  the  contractions 
are  at  first  of  greater  extent,  but  they  afterwards  cease,  and  the  preparation  passes  into  a  con- 
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tUtiou  of  "apparent  death,"  lasting  30-90  mins.  ;  while,  if  the  action  of  the  fluid  be  prolonged, 
the  heart  may  not  contract  at  all ,  even  when  it  is  stimulated  electrically  or  mechanically.  It 
may  be  made,  however,  to  pulsate  again,  if  it  be  supplied  with  saline  solution  containing  blood 
(1  to  10  per  cent.).  If  the  ventricle  be  nipped  with  wire  forceps  at  the  junction  of  the  upper 
with  its  middle  third,  so  as  to  separate  the  lower  two-thirds  of  the  ventricle,  physiologically  but 
not  anatomically,  from  the  rest  of  the  heart,  then  the  apex  will  cease  to  contract,  although  it  is 
still  supplied  with  the  frog's  own  blood  {Bernstein,  Bowditch).  The  physiologically  isolated 
apex  may  be  made  to  beat  by  clamping  the  aortic  branches  so  as  to  prevent  blood  passing  out 
of  the  heart,  and  thus  raising  the  intracardiac  pressure.  The  rate  of  the  beat  of  the  apex  is 
independent  of  and  slower  than  that  of  the  rest  of  the  heart.  This  experiment  proves  that  the 
amount  of  pressure  within  the  apex-cavity  is  an  important  factor  in  the  causation  of  the  spon- 
taneous beats  of  the  apex.  If  blood-serum,  to  which  a  trace  of  delphiniu  is  added,  be  trans- 
fused or  '■'perfused"  through  the  heart,  it  begins  to  beat  within  a  niiiuite,  continues  to  beat  for 
several  seconds,  and  then  stands  still  in  diastole  {Boicditch).  Quinine  and  a  mixture  of  atropine 
and  muscarin  have  a  similar  action.  These  experiments  show  that,  provided  no  nervous  appar- 
atus exists  ivithin  the  heart-apex,  the  cause  of  the  varying  conti-action  is  to  be  sought  for  in  the 
musculature  of  the  heart,  and  that  the  stimulus  neces.sary  for  the  systole  of  the  heart's  apex 
may  arise  within  itself.  If  there  is  no  nervous  apparatus  of  any  kind  present,  then  we  must 
assume  that  the  heart-muscle  may  execute  rhythmical  movements  independently  of  the  presence 
of  any  nervous  mechanism,  although  it  is  usually  assumed  that  the  ganglia  excite  the  heart- 
muscle  to  pulsate  rhythniicall}'.  It  is  by  no  means  definitely  proved  that  the  heart-apex  is 
devoid  of  all  nervous  structures,  which  may  act  as  originators  of  these  rhythmical  impulses.] 

[Action  of  Drugs. — If  the  heart-apex  contains  no  nervous  structures,  it  must  form  a  good 
object  for  the  study  of  the  action  of  drugs  on  the  cardiac  muscle.  Some  of  these  have  been 
mentioned  already.  Ringer  finds  that  a  calcium  salt  makes  the  contractions  higher  and  longer. 
Dilute  acids  added  to  saline  solution,  e.g.,  lactic,  cause  complete  relaxation  of  the  cardiac 
musculature,  while  dilute  alkalies  produce  an  opposite  effect  or  tonic  contraction,  even  though 
the  apex  be  not  pulsating.  The  action  of  a  dilute  acid  may  be  set  aside  by  a  dilute  alkali  and 
vice  versa.  Digitalin,  antiarin,  barium,  and  veratria  act  like  alkalies,  while  saponin,  muscarin, 
and  pilocarpin  have  the  effect  of  acids  (§  65).  An  isolated  frog's  heart,  fatigued  after  being 
A  supplied  with  a  solution  of  blood,  is  caused  to  beat  more  vigor- 

ously by  a  solution  of  kreatinin,  or  extract  of  meat  (Mays).] 

[The  "heart"  preparation  in  many  respecrs  behaves  like  the 
foregoing,  i.e.,  it  is  exhausted  after  a  time  by  the  continued  appli- 
cation of  normal  saline  solution  (0'6  per  cent.  NaCl),  while  its 
activity  may  be  restored  by  supplying  it  with  albuminous  and 
other  fluids  (p.  79).] 

II.  Direct  Stimulation  of  the  Heart. — All  direct 
cardiac  stimuli  act  more  energetically  on  the  inner  than 
on  the  outer  surface  of  the  heart.  If  strong  stimuli  are 
applied  for  too  long  a  time,  the  ventricle  is  the  part  first 
paralysed. 

{a)  Thermal  Stimuli. — [Heat  affects  the  numher  or  frcqueivcy 

C 


Fig.  63. 

A,  contractions  of  a  frog's  heart  at  19°  C. 


B,  at  34°  C.  ;  C,  at  3°  C. 

and  the  amplitvxle  of  the  pulsation.s,  as  well  as  the  duration  of  the  systole  and  diastole  and 
the  excitability  of  the  heart]  Descartes  (1644)  observed  that  heat  increases  the  number  of 
pulsations  of  an  eel's  heart.  As  the  temperature  increases,  the  number  of  beats  is  at  first  con- 
siderably increased,  but  afterwards  the  beats  again  become  fewer,  and  if  the  temperature  is 
raised  above  a  certain  limit  the  heart  stands  still,  the  myosin  of  which  its  fibres  consist  is 
coaf^ulated,  and  "heat-rigor"  occurs.  Even  belbre  this  stage  is  reached,  however,  the  heart 
may  stand  still,  the  muscular  fibres  appearing  to  remain  contracted.  The  ventricles  usually 
cease  to  beat  before  the  auricles  {Schelske).  The  size  and  extent  of  the  contractions  increase  up 
to  about  20°  C,  but  above  this  point  they  diminish  (fig.  63).    The  time  occupied  by  any  smglo 
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coutraction  at  20°  C.  is  only  about  tb  of  the  time  occupied  by  a  contraction  occurring  at  5  C. 
A  heart  which  has  been  warmed  is  capable  of  reacting  pretty  rapidly  to  intermittent  stimuli, 
while  a  heart  at  a  low  temperature  reacts  only  to  stimuli  occurring  at  a  considerable  interval 

^^Cold  — ^Vhen  the  temperature  of  the  blood  is  diminished,  the  heart  beats  more  slowly,  A 
fvo^r'a  I'leart,  placed  between  two  watch-glasses  and  laid  on  ice,  beats  very  much  more  slowly. 
The  pulsations  of  a  frog's  heart  stop  when  the  heart  is  exposed  to  a  temperature  of  4  C.  to  0  . 
If  a  frog's  heart  be  taken  out  of  warm  water,  and  suddenly  placed  upon  ice,  it  beats  more 
rapidly,'and  conversely,  if  it  be  taken  from  ice  and  placed  over  warm  water,  it  beats  more 
slowly  at  first  and  more  rapidly  afterwards  {Aristoio). 

[Methods.— The  effect  of  heat  on  a  heart  may  be  studied  by  the  aid  of  the  frog-manometer,  the 
fluid  in  which  the  heart  is  placed  being  raised  to  any  temperature  required.  For  demonstra- 
tion purposes,  the  heart  of  a  pithed  frog  is  excised  and  placed  on  a  glass  slide  under  a  light 
lever,  such  as  a  straw.  The  slide  is  warmed  by  means  of  a  spirit-lamp.  In  this  way  the 
frequency  and  amplitude  of  the  contractions  are  readily  made  visible  at  a  distance.] 

{b)  Mechanical  Stimuli.— Pressure  applied  to  the  heart  from  without  accelerates  its  action. 
In  the  case  of  Frau  Serafin,  v.  Ziemssen  found  that  slight  pressure  on  the  auriculo-ventricular 
groove  caused  a  second  short  contraction  of  both  ventricles  after  the  heart-beat.  Strong  pres- 
sure causes  a  very  irregular  action  of  the  cardiac  muscle.  This  may  readily  be  produced  by 
compressing  the  freshly  excised  heart  of  a  dog  between  the  fingers.  The  intra-cardiac  pressure 
also  affects  the  heart-beat  (p.  83).  If  the  pressure  within  the  heart  be  increased,  the  heart- 
beats are  gradually  increased,  if  it  be  diminished  the  number  of  beats  diminishes  {Ludivicj 
Thirij).  If  the  intra-cardiac  pressure  be  very  greatly  increased,  the  heart's  action  becomes  very 
irregular  and  slower.  A  heart  which  has  ceased  to  beat  may,  under  certain  circumstances,  be 
caused  to  execute  a  single  contraction  if  it  be  stimulated  mechanically. 

(c)  Electrical  Stimuli,— A  constant  electrical  current  ,of  moderate  strength  increases  the 
number  of  heart-beats,  V.  Ziemssen  found,  in  the  case  of  Frau  Serafin  (§  47,  3),  that  the 
number  of  beats  was  doubled  when  a  constant  uninterrupted  strong  current  was  passed  through 
the  ventricles.  If  the  constant  current  be  very  strong,  or  if  tetanising  induction  currents  be 
used,  the  cardiac  muscle  assumes  a  condition  resembling,  but  not  identical  with,  tetanus 
[Ludwicj  and  Hoffa),  and  of  course  this  results  in  a  fall  of  the  blood-pressure.  If  the  auriculo- 
ventricular  groove  be  compressed  so  as  to  cause  the  ventricle  of  a  frog's  heart  to  cease  to  beat, 
on  placing  one  electrode  of  a  constant  current  on  the  ventricular  wall  and  the  other  electrode 
on  an  indifferent  part  of  the  body,  w'e  obtain  on  making  the  current,  a  systolic  contraction  of 
the  ventricle  only  when  the  cathode  touches  the  ventricle ;  and  conversely  on  breaking,  only 
when  the  anode  is  on  the  heart  (Biedermann). 

"When  a  single  induction  shock  is  applied  to  the  ventricle  of  a  frog's  heart  during  systole,  it 
has  no  apparent  effect ;  but  if  it  is  applied  during  diastole,  the  succeeding  contraction  takes 
place  sooner.  The  auricles  and  also  the  apex  behave  in  a  similar  manner.  Whilst  they  are 
contracted,  an  induction  shock  has  no  effect ;  if,  however,  the  stimulus  is  applied  during 
diastole,  it  causes  a  contraction,  which  is  followed  by  systole  of  the  ventricle.  Even  when 
strong  tetanising  induction  shocks  are  applied  to  the  heart,  they  do  not  produce  tetanus  of  the 
entire  cardiac  musculature,  or  as  it  is  said,  "the  heart  knows  no  tetanus"  {Kronccker  and 
Stirling).  Small  white  local  weal-like  elevations — such  as  occm*  when  the  intestinal  muscula- 
ture is  stimulated — appear  between  the  electrodes.  They  may  last  several  minutes.  A  frog's 
heart,  which  yields  weak  and  irregular  contractions,  may  be  made  to  execute  regular  rhythmical 
contractions  synchronous  with  the  stimuli,  if  electrical  stimuli  are  used  {Howditch). 

[Break  induction  shocks,  if  of  sufficient  strength,  cause  the  heart  to  contract,  while  weak 
stimuli  have  no  .effect ;  on  the  other  hand,  moderate  stimuli,  when  they  do  cause  the  heart  to 
contract,  always  cause  a  maximal  contraction,  so  that  a  minimal  stimulus  acts  at  the  same  time 
like  a  maximal  stimulus.    The  heart  either  contracts  or  it  does  not  contract,  and  when  it  con- 
tracts the  result  is  always  a  "  maximal "  contraction  {Kronccker  and  Stirling).    Bowditch  found 
that  the  excitability  of  the  heart  was  increased  by  its  own  movements,  so  that  after  a  heart  had 
once  contracted,  the  strength  of  the  stimulus  required  to  excite  the  next  contraction  may  be 
greatly  diminished,  and  yet  the  stimulus  be  effectual.    Usually  the  amj)litude  of  the  first  beat 
so  produced  is  not  so  great  as  the  second  beat,  and  the  second  is  less  than  the  third,  so  that  a 
"staircase  "  (" Trejjpe")  of  beats  of  successively  greater  extent  was  produced  (fig.  59).  Under 
certain  circumstances,  however,  a  skeletal  muscle  gives  contractions  of  a  "  staircase  "  character. 
This  staircase  arrangement  occurs  even  when  the  strength  of  the  stimulus  is  kept  constant,  so  that 
the  production  of  one  contraction  facilitates  the  occurrence  of  the  succeeding  one.    A  staircase 
arrangement  of  the  pulsations  is  also  seen  in  Luciani's  groups  (p.  81).    The  question,  whether 
a  stimulus  will  cause  a  contraction,  depends  upon  what  particular  phase  the  heart  is  in  when 
the  shock  is  applied.    Even  comparatively  weak  stimuli  will  cause  a  heart  to  contract,  provided 
the  stimuli  are  applied  at  the  proper  moment  and  in  the  proper  tempo,  i.e.  to  say,  they  become 
what  are  called  "  infallible."    If  stimuli  are  applied  to  the  heart,  at  intervals  which  are  longer 
than  the  time  the  heart  takes  to  execute  its  contraction,  they  are  effectual  or  "adequate,"  but 
if  they  are  applied  before  the  period  of  pulsation  comes  to  an  end,  then  they  are  ineffectual 
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{Krcinrd-cr).  It  is  nuite  clear,  therefore,  that  the  relation  of  the  strength  of  the  stimnlus  to 
the  extent  of  the  contraction  of  the  cardiac  mnscle,  is  quite  ditlereut  from  what  occurs  in  a 
muscle  of  the  skeleton,  where  within  certain  limits  the  amplitude  of  the  contraction  bears  a 
relation  to  the  stimulus,  while  in  the  heart  the  contraction  is  always  maximal.'] 

Human  Heart. — V.  Ziemssen  found  that  he  could  not  alter  the  heart-beats  of  the  human 
heart  {Fran  Serafiii,  §  47,  3),  even  with  strong  induction-currents.  The  ventricular  diastole 
seemed  to  be  less  complete,  and  there  were  irregularities  in  its  contraction.  By  opening  and 
closing,  or  by  reversing  a  strong  constant  current  applied  to  the  heart,  the  number  of  beats 
was  increased,  and  the  increase  corresponded  with  the  number  of  electrical  stimuli  ;  thus,  when 
The  electrical  stimuli  were  120,  140,  180,  the  number  of  heart-beats  was  the  same,  the  pulse 
beforeiuind  being  SO.  The  normal  pulse-rate  of  80  was  reduced  to  60  and  50  wheji  the  luimber 
of  shocks  was  reduced  in  the  same  ratio.  [In  Fran  Seralin's  case  the  electrodes  were  apjdied  to 
the  heart,  separated  from  it  merely  by  the  pericardium.  Ziemssen  found  that  the  Faradic 
current  did  not  modify  the  heart's  action  when  the  thorax  was  intact,  but  that  the  constant 
current  did;  if  of  sufficient  strength.  Herbst  and  Dixon  Mann  obtained  negative  results  with 
both  kinds  of  electricity  in  the  normal  thorax.] 

{(1)  Chemical  Stimuli. — Many  chemical  substances,  when  applied  in  a  dilute  solution  to  the 
inner  surface  of  the  heart,  increase  the  heart-beats,  while  if  they  are  concentrated,  or  allowed  to 
act  too  long,  they  diminish  the  heart-beats,  and  paralyse  it.  Bile,  and  hile  salts,  diminish  the 
heart-beats  (also  when  they  are  absorbed  into  the  blood  as  in  jaundice)  ;  in  very  dilute  solu- 
tions both  increase  the  heart-beats.  A  similar  result  is  produced  by  acetic,  tartaric,  citric,  and 
phosphoric  acids.  Chloroform  and  ether,  applied  to  the  inner  surface,  rapidly  diminish  the 
heart-beats,  and  then  paralyse  it;  but  very  .small  quantities  of  ether  (1  per  cent.)  accelerate 
the  heart-beat  of  the  frog  [Kroncckcr  and  M'Grcgor-Mobertson),  while  a  solution  of  1^  to 
2  per  cent,  passed  through  the  heart  arrests  it  temporarily  or  completely.  Dilute  solutions  of 
opium,  strychnia,  or  alcohol  applied  to  the  endocardium,  increase  the  heart-beats  ;  if  concen- 
trated they  rapidly  arrest  its  action.    Chloral-hydrate  paralyses  the  heart. 

Action  of  Gases. — When  blood  containing  different  gases  was  passed  through  a  frog's  heart, 
Klug  found  that  blood  containing  sulphurous  acid  rapidly  and  com])letely  killed  the  heart  ; 
chlorine  stimulated  the  heart  at  first,  and  ultimately  killed  it  ;  and  laughing-gas  rapidly  killed 
it  also.  Blood  containing  sulphuretted  hydrogen  paralysed  the  heart  without  stimulating  it. 
Carbonic  oxide  also  paralysed  it,  but  if  fresh  blood  was  transfused  the  heart  recovered.  [Blood 
containing  0  excites  the  heart  (C'astcU),  while  the  presence  of  much  CO.^  paralyses  it,  and  the 
presence  of  CO.,  is  more  injurious  than  the  want  of  0.  Blood  or  serum  completely  saturated 
with  CO^  exhausts  the  heart  {Saltet  ami  Kronecker),  but  it  recovers  itself  when  the  COo  is 
removed.    H  and  N  have  no  effect.] 

Cardiac  Poisons  are  those  substances  whose  action  is  characterised  by  special  effects  upon  the 
movements  of  the  heart.  Amongst  these  are  neutral  potash  salts,  which  cause  the  heart  to 
stand  still  in  diastole.  An  excised  frog's  heart  ceases  to  beat  after  one-half  to  one  minute  when 
it  is  placed  in  a  2  per  cent,  solution  of  potassic  chloride.]  Even  a  very  dilute  solution  of  yellow 
prussiate  of  potash  injected  into  the  heart  of  a  frog  causes  the  ventricle  to  stand  still  in  systole. 
Antiar  (.Java  arrow-poison)  causes  the  ventricle  to  stand  still  in  systole  and  the  auricles  in 
diastole.  Some  heart-poisons,  in  small  doses,  diminish  the  heart's  action,  and  in  large  doses 
not  unfrequentl}'  accelerate  it,  e.q.,  digitalis,  morphia,  nicotin.  Others,  when  given  in  small 
doses,  accelerate  its  action,  and  in  large  doses  slow  it — -veratria,  aconitin,  camphor. 

Special  Actions  of  Cardiac  Poisons. — The  complicated  actions  of  various  poisons  upon  the 
heart  have  led  observers  to  suppose  that  there  are  various  intra-cardiac  mechanisms  on  which 
these  substances  may  act.  Besides  the  muscular  fibres  of  the  heart  and  its  automatic  (jnriglia, 
some  toxicologists  assume  that  there  are  inliibitory  ganglia  into  which  the  inhibitory  fibres  of 
the  vagus  pass,  and  accelerator  ganglia,  which  are  connected  with  the  accelerating  ncrve-fibres 
of  the  heart.  Both  the  inhibitor]]  and  accelerator  ganglia  arc  connected  with  the  automatic  ganglia 
by  conducting  channels. 

Muscarin  and  all  other  trimcthylammonium  bases  stimulate  permanently  the  inhibitory 
ganglia,  so  that  the  heart  stands  still  {Schmiedeberg  and  Koppe).  [According  to  Gaskell,  how- 
ever, when  the  action  of  the  sinus  is  arrested  by  muscarin,  there  is  no  deflection  of  the  galvano- 
meter similar  to  that  produced  by  the  excitation  of  the  vagus.  He  infers  that  muscarin  docs  not 
cause  arrest  of  the  beat  by  acting  as  an  excitant  of  inhibitory  mechanisms,  but  as  a  depressant 
to  motor  activity.]  As  atro]iin  and  daturin  paralyse  these  ganglia,  the  standstill  of  the  heart 
brought  about  by  muscarin  may  be  set  aside  by  atropin.  [If  a  frog's  heart  be  excised  and  placed 
in  a  wMtch-glass,  and  a  few  drops  of  a  very  dilute  solution  of  muscarin  be  placed  on  it  with  a 
pipette,  it  ceases  to  beat  within  a  few  minutes,  and  will  not  beat  again.  If,  however,  the 
muscarin  be  removed,  and  a  solution  of  atropine  applied  to  the  heart,  it  will  resume  its  con- 
tractions after  a  short  time.]  Physostiginin  or  Calabar  bean  excites  the  energy  of  the  cardiac 
muscle  to  such  an  extent,  that  stimulation  of  the  vagus  no  longer  causes  the  heart  to  stand  still, 
lodine-aldehyd,  chloroform,  and  chloral-hydrate  jiaralyse  the  automatic  ganglia.  The  heart 
stands  still,  and  it  cannot  be  made  to  contract  again  by  atropine.  The  cardiac  muscle  itself 
remains  excitable  after  the  action  of  muscarin  and  iodine-aldchyd,  so  that  if  it  be  stimulated 
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it  contracts.  [According  to  Gaskell,  antinrin  ami  digitalin  solutions  produce  an  alteration  in 
the  condition  of  the  muscular  tissue  of  the  apex  of  tlie  lu-art  of  the  same  nature  as  that  pro- 
duced by  the  action  of  a  very  dilute  alkali  solution,  while  the  action  of  a  blood-solution  contain- 
ing muscarin  closely  resembles  that  of  a  dilute  acid  solution  (p.  95,  §  65).] 

[Nature  of  a  Cardiac  Contraction. — The  question  as  to  whether  this  is  a  simple 
contraction  or  a  compound  tetanic  contraction  has  been  much  discussed.  So 
utuch  is  certain,  that  the  systolic  contraction  of  the  heart  is  of  very  much  longer 
duration  (8  to  10  times)  than  the  contraction  of  a  skeletal  muscle  produced  by 
stimulation  of  its  motor  nerve.  When  the  sciatic  nerve  of  a  nerve-muscle  pre- 
paration is  adjusted  upon  a  contracting  heart,  a  simple  secondary  twitch  of  the 
limb,  and  not  a  tetanic  spasm,  is  produced  when  the  heart  (auricle  or  ventricle) 
contracts  This  of  itself  is  not  sufficient  proof  that  the  systole  is  a  simple  spasm, 
for  tetanus  of  a  muscle  does  not  in  all  cases  give  rise  to  secondary  tetanus  in  the 
leg  of  a  rlieoscopic  limb.  Thus,  a  simple  "  initial "  contraction  occurs  when  the 
nerve  is  applied  to  a  muscle  tetanised  by  the  action  of  strychnia,  and  the  contracted 
diaphragm  gives  a  similar  result.  The  question  whether  the  heart  can  be  tetanised 
lias  been  answered  in  the  negative,  and  as  yet  it  has  not  been  shown  that  the 
heart  can  be  tetanised  in  the  same  way  that  a  skeletal  muscle  is  tetanised.] 

[Mac William  finds,  when  the  quadriceps  extensor  cruris  contracts  to  cause  the  knee-jerk,  that 
a  sound  similar  to  the  first  sound  of  the  heart  is  heard.  As  the  former  is  regarded  as  a  simple 
contraction,  it  is  argued  that  a  simple  contraction  can  produce  a  muscle-sound.  Fredericq 
regards  the  ventriciilar  systole  not  as  a  simple  contraction,  but  as  composed  of  three  or  more 
fused  contractions  corresponding  to  tetanus.  Tliis  he  concludes  from  a  study  of  cardiograms  as 
well  as  from  the  electro-motive  phenomena  of  the  heai  t.] 

The  peripheral  or  extra-cardiac  nerves      369  and  370). 

59.  CARDIO-PNEUMATIC  MOVEMENT.— As  the  heart  within  the  thorax 
occupies  a  smaller  space  during  the  systole  than  during  the  diastole,  it  follows  that, 
when  the  glottis  is  open,  air  must  be  drawn  into  the  chest  when  the  heart  contracts  ; 
whenever  the  heart  relaxes,  i.e.,  during  diastole,  air  must  be  expelled  through  the 
open  glottis.  But  we  must  also  take  into  account  the  degree  to  which  the  larger 
intra-thoracic  vessels  are  filled  with  blood.  These  movements  of  the  air  within  the 
lungs,  although  slight,  seem  to  be  of  importance  in  hybernating  animals.  In 
animals  in  this  condition,  the  agitation  of  the  gases  in  the  lungs  favours  the 
exchange  of  CO^  and  O  in  the  lungs,  and  this  slow  current  of  air  is  sufficient  to 
aerate  the  blood  passing  through  the  lungs.  [Ceradini  called  the  diminution  of  the 
volume  of  the  entire  heart  which  occurs  during  systole  meiocardia,  and  the 
subsequent  increase  of  volume,  when  the  heart  "is  distended  to  its  maximum, 
auxocardia.] 

Method.—^  manomctric  flame  may  be  used.  Insert  one  limb  of  a  Y-tubc  into  the  opened 
trachea  of  an  animal,  while  the  other  limb  passes  to  a  small  gas-jet,  and  connect  the  other  tube  with 
the  gas  supply.  The  movements  of  the  heart  afl'ect  the  column  of  gas,  and  thus  affect  the  flame. 
It  may  also  be  done  in  man  by  inserting  the  tube  into  one  nostril,  while  the  other  nostril  and 
the  mouth  are  closed.  [A  simpler  and  less  irritating  plan  is  to  fill  a  wide  curved  glass-tube 
with  tobacco  smoke,  and  insert  one  end  of  the  tube  into  one  nostril  while  the  other  nostril  and 
the  mouth  are  closed.  If  the  glottis  be  kept  open,  and  respiration  be  stopped,  then  the  move- 
ments of  the  column  of  smoke  within  tlic  tube  are  obvious.  Or  a  manometer  containing  a  drop 
nf  a  coloured  ihiid  may  be  used  under  the  same  conditions.]  ° 

The  cardiac  pneumograph  (fig.  64)  consists  of  a  tube  (D),  about  1  inch  in  diameter  and 
6  to  8  inches  in  length  ;  the  tube  is  bent  at  a  right  angle,  and  communicates  with  a  small  metal 
cap.sule  about  the  size  ot  a  saucer  (T),  over  which  a  membrane  composed  of  collodion  and  castor 
oil  is  loosely  stretched.  To  this  membrane  is  attached  a  glass  rod  (H)  used  as  a  writinc^-stvle 
which  records  its  movements  on  a  glass-plate  (S)  moved  by  clock-work.  A  small  valve°(K)  is 
placed  on  the  side  of  the  tube  (D),  which  enables  the  experimenter  to  breathe  when  necessary 
The  tube  (D)  is  held  in  an  air-tight  manner  between  the  lips,  the  nostrils  being  closed  the 
glottis  open,  and  respiration  stopped.    In  the  curves  (fig.  64,  A  B)  we  observe  that— 

(1)  At  the  moment  of  tlie  first  sound  (1)  the  respiratory  gases  undergo  a  sharp  coMmtory 
movement,  because  at  the  moment  of  the  first  part  of  the  ventricular  systole  the  blood  of  the 
ventricle  has  not  left  the  thorax,  while  venous  blood  is  streaming  into  the  right  auricle  throuc'h 
the  vena?  cava?,  and  because  the  dilating  branches  of  the  inilmonary  aitery  compress  the 
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accompanyin<i  bronchi.  The  blood  of  the  right  ventricle  has  not  yet  left  the  thorax,  it  passes 
merely  into  the  pulmonary  circuit.  The  ex]>iratory  movement  is  eliniinishcd  somewhat  (a)  by 
the  muscular  mass  of  the  ventricle  occupying  slightly  less  bulk  during  the  contraction,  and  (^) 
owing  to  the  thoracic  cavity  being  slightly  increased  by  the  lifth  intercostal  space  being  pushed 
forward  by  the  cardiac  impulse. 

(2)  Immediately  after  (1)  there  follows  a  strong  inspiratory  current  of  the  respiratory  gases. 
As  soon  as  the  blood  from  the  root  of  the  aorta  reaches  that  i)art  of  the  aorta  lying  outside  the 
thorax,  more  blood  leaves  the  chest  than  passes  into  it  simultaneously  through  the  vena;  cava\ 

(3)  After  the  second  sound  (at  2),  indicated  sometimes  by  a  slight  depression  in  the  apex  of 


Fig.  64. 

Landois'  cardio-pneumograph,  and  the  curves  obtained  therewith.  A  and  B,  from  man,  1  and 
2  correspond  to  the  periods  of  the  first  and  second  heart-sounds;  C,  from  dog;  D,  method 
of  using  the  apparatus. 

the  curve,  the  arterial  blood  accumulates,  and  hence  there  is  another  expiratory  movement  in 
the  curve. 

(4)  The  peripheral  wave-movements  of  the  blood  from  the  thorax  cause  another  inspiratory 
movement  of  the  gases. 

(5)  More  blood  llows  into  the  chest  tlirough  the  veins,  and  the  next  heart-beat  occurs. 

60.  INFLUENCE  OF  THE  RESPIRATORY  PRESSURE  ON  THE  HEART. 

— The  variation  in  pressure  to  which  all  the  intra-thoracic  organs  are  subjected, 
owing  to  the  increase  and  decrease  in  the  size  of  the  chest  caused  by  the  respiratory 
movements,  exerts  an  influence  on  the  movements  of  the  heart.  Examine  first  the 
relations  in  different  passive  conditions  of  the  thorax,  when  the  glottis  is  open. 

The  diastolic  dilatation  of  the  cavities  of  the  heart,  besides  the  pressure  of  the 
venous  blood  and  the  elastic  stretching  of  the  relaxed  muscle-wall,  is  fundamentally 
due  to  the  elastic  traction  of  the  lungs.  This  is  stronger  the  more  the  lungs  are 
distended  (inspiration),  and  is  less  active  the  more  the  lungs  are  contracted 
(expiration).    Hence  it  follows  : — 

(1)  When  the  greatest  possible  expiratory  effort  is  made,  (of  course,  with  the 
glottis  open),  only  a  small  amount  of  blood  Hows  into  the  heart ;  the  heart  in 
diastole  is  small  and  contains  a  small  amount  of  blood.  Hence  the  systole  must 
also  be  small,  thus  causing  a  small  pulse-beat. 

(2)  On  taking  the  greatest  possible  inspiration  (with  the  glottis  open),  and 
therefore  causing  the  greatest  stretching  of  the  elastic  tissue  of  the  lungs,  the  elastic 
traction  of  the  lungs  is,  of  course,  greatest  =  30  mm.  Hg  {Bonders),  and  may 
intei'fere  with  the  contraction  of  the  thin-walled  atria  and  appendices,  in  con- 
sequence of  which  these  cavities  do  not  completely  empty  themselves  into  the 
ventricles.    The  heart  is  in  a  state  of  great  diastolic  distension,  and  filled  with 
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blood  ;  nevertheless,  in  consequence  of  the  limited  action  of  the  auricles,  only  small 
pulse-beats  are  observed.  In  several  individuals  Bonders  found  the  pulse  to  be 
smaller  and  slower  ;  afterwards  it  became  larger  and  faster. 

(3)  When  the  chest  is  in  a  position  of  moderate  rest,  whereby  the  elastic  traction 
is  moderate  =  7  "5  mm.  Ilg,  we  have  the  condition  most  favourable  to  the  action  of  the 
heart — sufficient  diastolic  dilatation  of  the  cavities  of  the  heart,  as  well  as  un- 
hindered emptying  of  them  during  systole. 

Voluntary  increase  or  diminution  of  the  intra-thoracic  pressure  affects  the 
action  of  the  heart. 

(1)  Valsalva's  Experiment  (1740).— If  the  thorax  is  fixed  in  the  position  of 
deepest  inspiration,  and  the  glottis  be  then  closed,  and  if  a  powerful  expiratory 
effort  be  made  by  bringing  into  action  all  the  expiratory  muscles,  so  as  to  contract 


w 

Fig.  65. 

Apparatus  for  demonstrating  the  action  of  inspiration,  IL,  and  expiration,  I.,  on  the  heart  and 
blood-stream.    P,  p,  lungs  ;  H,  h,  heart  ;  L,  /,  closed  glottis  ;  M,  m,  manometers  ;  E  c 
ingoing  blood-stream,  vein  ;  A,  a,  outgoing  blood-stream,  artery  ;  D,  diaphragm  during 
expiration  ;  a,  tluring  inspiration.  " 

the  chest,  the  cavities  of  the  heart  are  so  compressed  that  the  circulation  of  the 
blood  IS  temporarily  interrupted.  In  this  expiratory  phase  the  elastic  traction  is 
very  limited,  and  the  air  in  the  lungs  being  under  a  high  pressure  also  acts  upon 
the  heart  and  the  intra-thoracic  great  vessels.  No  blood  can  pass  into  the  thorax 
from  without ;  hence  the  visible  veins  swell  up  and  become  congested,  the  blood  in 
the  lungs  IS  rapidly  forced  into  the  left  ventricle  by  the  compressed  air  in  the 
ungs,  and  the  blood  soon  passes  out  of  the  chest,  so  that  the  heart  and  lungs  contain 
httle  blood,  thus  leading  to  a  greater  supply  of  blood  in  the  systemic  than  in  the 
pulmonary  circulation  and  the  heart.  The  heart-sounds  disappear,  and  the  pulse 
is  absent  (E.  H.  Weber,  Danders).  it  ^"1="= 
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(2)  J.  Miiller's  Experiment  (1838). — Conversely,  if  after  the  deepest  possible 
expiration  the  glottis  be  closed,  and  the  chest  be  now  dilated  with  a  great 
inspiratory  effort,  the  heart  is  powerfully  dilated,  the  elastic  traction  of  the  lungs, 
and  the  very  attenuated  air  in  these  organs,  act  so  as  to  dilate  the  cavities  of  the 
heart.  More  blood  flows  into  the  right  heart,  and,  in  proportion  as  the  right 
auricle  and  ventricle  can  overcome  the  traction  outwards,  the  blood-vessels  of  the 
lungs  become  filled  wuth  blood,  and  thus  partly  occupy  the  lung  space.  Much  less 
blood  is  driven  out  of  the  left  heart,  so  that  the  pulse  may  disappear.  Hence,  the 
heart  is  distended  with  blood  and  the  lungs  are  congested,  while  the  aortic  system 
contains  a  small  amount  of  blood,  i.e.,  the  systemic  circulation  is  comparatively 
•empty,  while  the  heart  and  the  pulmonary  vessels  are  engorged  with  blood. 

In  normal  respiration,  the  air  in  the  lungs  during  inspiration  is  under  slight 
pressure,  while  during  expiration  the  pressure  is  higher,  so  that  these  conditions 
favour  the  circulation  ;  inspiration  favours  the  occurrence  of  diastole,  the  supply  of 
blood  (and  lymph)  through  the  venne  cava;.  In  operations  where  the  axillary  or 
Jugular  vein  is  cut,  air  may  be  sucked  into  the  circulation  during  inspiration,  and 
cause  death.  Expiration  favours  the  flow  of  blood  in  the  aorta  and  its  branches, 
.  and  aids  the  systolic  emptying  of  the  heart. 

The  elastic  traction  of  the  lungs  aids  the  lesser-circulation  through  the  lungs; 
the  blood  of  the  pulmonary  capillaries  is  exposed  to  the  pressure  of  the  air  in  the 
lungs,  while  the  blood  in  the  pulmonary  veins  is  exposed  to  a  less  pressure,  as  the 
elastic  traction  of  the  lungs,  by  dilating  the  left  auricle,  favours  the  outflow  from 
the  capillaries  into  the  left  auricle.  The  elastic  traction  of  the  lungs  acts  slightly 
as  a  disturbing  agent  on  the  right  ventricle,  and,  therefore,  on  the  movement  of 
blood  through  the  pulmonary  artery,  owing  to  the  overpowering  force  of  the  blood- 
stream through  the  pulmonary  artery,  as  against  the  elastic  traction  of  the  lungs 
{Donders). 

Tlie  above  apparatus  (fig.  65)  shows  the  effect  of  the  inspiratory  and  expiratory  movements 
on  the  dilatation  of  the  lieart,  and  on  the  blood-stream  in  the  large  blood-vessels.  The  large 
glass  vessel  represents  the  thorax  ;  the  elastic  membrane,  D,  the  diaphragm  ;  P,  }},  the  lungs  ; 
L,  the  .trachea  supplied  with  a  stop-cock  to  represent  the  glottis  ;  H,  the  heart  ;  E,  the  vente 
■cavfe  ;  A,  the  aorta.  If  the  glottis  be  closed,  and  the  expiratory  phase  imitated  by  pushing  up 
D  as  in  I.,  the  air  in  P,  P  and  the  heart  H  are  compressed,  the  venous  valve  closes,  the  arterial 
is  opened,  and  the  fluid  is  driven  out  through  A.  The  manometer,  jVI,  indicates  the  intra- 
thoracic pressure.  If  the  glottis  be  closed,  and  the  inspiratory  phase  imitated,  as  in  II.,  f,  p 
and  h  are  dilated,  the  venous  valve  opens,  the  arterial  valve  closes  ;  hence,  venous  blood  flows 
from  e  into  the  heart.  Thus,  inspiration  always  favours  the  venous  stream,  and  hinders  the 
arterial  ;  while  expiration  hinders  the  venous,  and  favours  the  arterial  stream.  If  the  glottis 
L  and  I  be  open,  the  air  in  P,  P,  p,  p  will  be  changed  during  the  respiratory  movements  D  and 
d,  so  that  the  action  on  the  heart  and  blood-vessels  will  be  diminished,  but  it  will  still  persist, 
although  to  a  much  less  extent. 


The  Circulation  of  the  Blood. 

61.  FLOW  OF  FLUIDS  THROUGH  TUBES. —Toricelli's  Theorem  states  that  the  velocity  of 
•efflux  {v)  of  a  fluid — through  an  opening  at  the  bottom  of  a  cylindrical  vessel— is  exactly  the 
same  as  the  velocity  which  a  body  falling  freely  would  acquire,  were  it  to  fall  from  the  surface 
of  the  fluid  to  the  base  of  the  orifice  of  the  outflow.  If  h  be  the  height  of  the  propelling  force, 
the  velocity  of  efflux  is  given  by  the  formula— 

v=  \/2(jh  (where  g'  =  9'8  metres). 
The  rapidity  of  outflow  increases  with  increase  in  the  height  of  the  propelling  force,  h.  The 
former  occurs  in  the  ratio  1,  2,  3,  when  h  increases  in  the  ratio  1,  4,  9,  i.e.,  the  velocity  of 
eflHux  is  as  the  square  root  of  the  height  of  the  propelling  force.  Hence,  it  follows  that  the  velocity 
of  efflux  depends  upon  the  height  of  the  liquid  above  the  orifice  of  outflow,  and  not  upon  the 
nature  of  the  fluid.  ,  • 

Hesistance.— Toricelli's  theorem,  however,  is  only  valid  when  all  resistance  to  the  outflow  is 
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absent  ■  but  in  every  physical  experiment  such  resistance  exists.  Hence,  the  propelling  force, 
rhasAot  on^y  tr/axL\he#J-  of  the  fluid,  but  has  also  to  ovcrcoMC  resvsta^ice^^^^^^  t^o 
forces  may  be  expressed  by  the  heights  of  two  columns  of  water  placed  over  each  other  viz.,  by 
ll^  heiVhLf  the  column  of  water  causing  the  outflow,  F,  and  the  height  ot  the  column,  D, 
which  overcomes  the  resistance  opposed  to  the  outflow  of  the  fluid.    So  that 

h  =  Y  +  T>. 

6  2  VELOCITY  OF  THE  CURRENT.  RESISTANCE.  —In  the  case  of  a  fluid  flowing  through 
a  tube'  which  it  fills  completely,  we  have  to  consider  the  propelling  force,  h,  causing  the  fluid 
to  flow  through  the  various  sections  of  the  tube.    The  amount  of  the  propelling  force  depends 

upon  two  factors  : —  .  i  •  t,  +i 

(1)  On  the  velocity  of  the  current,  v  ;  (2)  on  the  pressure  (amount  of  resistance)  to  wlucn  the 

fluid  is  subjected  at  the  various  parts  of  the  tube,  D.  ,    r  .i    .  i  ^  n\ 

(1)  The  velocity  of  the  current,  v,  is  estimated— (a)  from  the  lumen,  (,  ot  the  tube  ;  and  (.ijj 
from  the  quantity  of  fluid,  q,  which  flows  through  the  tube  in  the  unit  of  time.  So  t\mt  v  =  q:  L 
Both  values,  q  as  well  as  I,  can  be  accurately  measured.    (The  circumference  of  a  circular  tube, 

whose  diameter=d  is  Z-U.d.    The  sectional  area  (lumen  of  the  tube)  is  1=  —^-(P)-  Having  in 

this  way  determined  v,  from  it  we  may  calculate  the  height  of  the  column  of  fluid,  F,  which 
will  give  this  velocity,  i.e.,  the  height  from  which  a  body  must  fall  in  vacuo,  in  order  to  attain 

the  velocity  v.    In  this  case  F  =  |^  (where  g  =  t\\Q  distance  traversed  by  a  falling  body  in  1  sec. 

=  4 '9  metre). 

(2)  The  pressure,  D  (amount  of  resistance),  is  measured  directly  by  placing  manometers  at 
different  parts  of  the  tube  (fig.  67).  „ 

The  propelling  force  at  any  part  of  the  tube  is  /t  =  F  +  D  ;  or,  /i  =  — +  D  {Danders).  This 

is  proved  experimentally  by  taking  a  tall  cylindrical  vessel.  A,  of  sufficient  size,  which  is 
kept  filled  with  water  at  a  constant  level,  h.  The  rigid  outflow  tube,  ah,  has  in  connection  with 
it  a  number  of  tubes  placed  vertically,  1,  2,  3,  constituting  a  piezometer.    At  the  end  of  the 
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Fig.  66. 


Cylindrical  vessel  filled  with  water,  h, 
height  of  the  column  of  fluid  ;  D,  height 
required  to  overcome  the  resistance  ; 
F,  height  causing  the  efflux. 
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Fig.  67. 

A  cylindrical  vessel  filled  with  Avater.  ah, 
outflow  tube,  along  which  are  placed  at 
intervals  vertical  tubes,  1,  2,  3,  to  estimate 
the  pressure. 


tube,  h,  there  is  an  opening  with  a  short  tube  fixed  in  it,  from  which  the  water  issues  to  a  con- 
stant height,  provided  the  level  of  h  is  kejit  constant.  The  height  to  which  it  rises  depends  on 
the  height  of  the  column  of  fluid  causing  the  velocity.  F.  As  the  pressure  in  the  manometric 
tubes,  D^,  D'',  can  be  read  off  directly,  the  propelling  force  of  the  water  at  the  sections  of 
the  tubes,  I,  II,  III,  is — 

7i  =  F  +  Di;  F  +  D--^;  F  +  D^. 
At  the  end  of  the  tube,  h,  where  D-'  =  0,  /(,  =  F  +  0,  i.e.,  7i=F.  In  the  cylinder  itself  it  is  the 
constant  pressure,  h,  which  causes  the  movement  of  the  fluid.  It  is  clear  that  the  propelling 
force  of  the  water  gradually  diminishes  as  we  pass  from  the  inflow  towards  the  outflow  of  the 
tube,  h.  The  water  in  the  pressure-cylinder,  falling  from  the  height,  h,  only  rises  as  high  as  F 
at  b.  This  diminution  of  the  propelling  power  is  due  to  the  presence  of  resistances,  which  oppose 
the  current  in  the  tube,  i.e.,  part  of  the  energy  is  transformed  into  heat.  As  the  propelling 
force  at  h  is  represented  only  by  F,  while  in  the  vessel  it  is  h,  the  difference  must  be  due  to  the 
sum  of  the  resistances,  D  =  /i  -  F  ;  hence  it  follows  that  /i  =  F  +  D. 
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Estinmtion  of  the  Resistance. —When  a  fluid  Hows  through  a  tube  of  unifona  calibre,  the 
propelliug  force,  h,  eliniinishes  from  point  to  point  on  account  of  the  uniformly  acting  resist- 
ance, hence  the  sura  of  the  resistance  in  the  whole  tube  is  directly  proportional  to  its  length. 
In  a  uniformly  wide  tube,  fluid  flows  through  each  sectional  area  with  ec^ual  velocity,  lience  v 
and  also  F  are  equal  in  all  parts  of  the  tube.  The  diminution  which  h  (propelling  force) 
undergoes  can  only  occur  from  a  diminution  of  pressure  D,  as  F  remains  the  same  throughout 
(and  A  =  F  +  D^.  Experiment  with  the  pressure-cylinder  shows  that  the  pressure  towards 
the  outflow  end  of  the  tube  gradually  diminishes.  In  a  uniformly  wide  tube,  tlie  height  of  tlic 
pressure  in  the  manometers  cxpi-esses  th^  resistances  opposed  to  the  current  of  fluid,  which  it  has  to 
overcome  in  its  course  from  tlie  point  investigated  to  the  free  orifice  of  efflux. 

Nature  of  the  Resistance. — The  resistance  opposed  to  the' flow"  of  a  fluid  depends  upon  the 
cohesion  of  the  particles  of  the  fluid  amongst  themselves.  During  the  current,  the  outer  layer 
of  fluid  which  is  next  the  wall  of  the  tube,  and  which  moistens  it,  is  at  rest.  All  the  other 
layers  of  fluid,  which  may  be  represented  as  so  many  cylindrical  layers,  one  inside  the  other, 
move  more  rajndly  as  we  proceed  towards  the  axis  of  the  tube,  the  axial  thread  or  stream 
being  the  most  rapidly  moving  part  of  the  liquid.  On  account  of  the  movement  of  the 
cylindrical  layers,  one  within  the  other,  a  part  of  the  propelling  energy  must  be  used  up.  The 
amount  of  the  resistance  greatly  depends  upon  the  amount  of  the  'cohesive  force  which  the 
particles  of  the  fluid  have  for  each  other  ;  the  more  firmly  the  particles  cohere  the  greater  will 
be  the  lesistance,  and  vice  versa.  Hence,  the  sticky  blood-current  experiences  greater  resist- 
ance tlian  water  or  ether. 

Heat  diminishes  the  cohesion  of  the  particles,  hence  it  also  diminishes  the  resistance  to  the 
onflow.  These  resistances  are  flrst  developed  by,  and  result  from,  the  movement  of  the  particles 
of  the  fluiil,  they  being,  as  it  were,  torn  from  each  other.  The  more  rapid  the  current,  there- 
fore, i.e.,  the  larger  the  number  of  particles  of  fluid  which  are  pulled  asunder  in  the  unit  of 
time,  the  greater  will  be  the  sum  of  the  resistance.  As  the  layer  of  fluid  lying  next  the  tube, 
and  moistening  it,  is  at  rest,  the  material  which  composes  the  tube  exerts  no  influence  on  the 
resistance. 

Tubes  of  Unequal  Diameter. — "When  the  velocity  of  the  current  is  uniform,  the  resistance 
depends  upon  tlie  diameter  of  the  tube — the  smaller  the  diameter  the  greater  the  resistance  ; 
the  greater  tlie  diameter  the  less  the  resistance.  The  resistance  in  narrow  tubes,  however, 
increases  more  rapidly  tlian  the  diameter  of  the  tube  decreases,  as  has  been  proved  experi- 
mentally. Ill  tubes  of  unequal  calibre,  at  different  parts  of  their  course,  the  velocity  of  the 
current  varies — it  is  slower  in  the  wide  part  of  the  tube  and  more  rapid  in  the  narrow  parts. 
As  a  general  rule,  in  tubes  of  unecjual  diameter  the  velocity  of  the  current  is  inversely  pro- 
portional to  the  diameter  of  the  corresponding  section  of  the  tube  ;  i.e.,  if  the  tube  be 
cylindrical,  it  is  inversely  proportional  to  the  square  of  the  diameter  of  the  circular  transverse 
section.  In  tubes  of  uniform  diameter,  the  propelling  force  of  the  moving  fluid  diminishes 
uniformly  from  point  to  point,  but  in  tu'ies  of  unequal  calibi'e  it  does  not  diminish  uniformly. 
As  the  resistance  is  greater  in  narrow  tubes,  of  course  the  propelling  force  must  diminish  more 
rapidl}'  in  them  than  in  wide  tubes.  Hence,  within  the  wide  parts  of  the  tube  the  jiressure  is 
greater  than  the  sum  of  the  resistances  still  to  be  overcome,  while  in  the  narrow  portions  it  is 
less  than  these. 

Tortuosities  and  bending  of  the  vessels  add  new  resistance,  and  the  fluid  presses  more 
strongly  on  the  convex  side  than  on  the  concave  side  of  the  bend,  and  there  tlie  resistance  to 
tlie  flow  is  greater  than  on  the  concave  side. 

Division  of  a  tube  into  two  or  more  branches  is  a  source  of  resistance,  and  diminishes  tlu; 
propelling  power.  When  a  tube  divides  into  two  smaller  tubes,  of  course  some  of  the  particles 
of  the  fluid  are  retarded,  while  others  are  accelerated  on  account  of  the  unequal  velocities  of 
the  different  layers  of  the  fluid.  Many  particles  whicli  had  the  greatest  velocity  in  the  axial 
layer  come  to  lie  more  towards  the  side  of  the  tube  where  they  move  more  slowly  ;  and  con- 
versely many  of  those  lying  in  the  outer  layers  reach  the  centre,  where  they  move  more 
rapidly.  Hence,  some  of  the  propelling  force  is  used  up  in  this  process,  and  the  pulling 
asunder  of  the  particles  where  the  tube  divides  acts  in  a  similar  manner.  If  two  tubes  join 
to  form  one  tube,  new  resistance  is  thereby  caused,  which  must  diminish  the  propelling  force. 
The  sum  of  the  mean  velocities  in  both  branches  is  independent  of  the  angle  at  which  the 
division  takes  place  {Jacobson).  If  a  branch  be  opened  from  a  tube,  the  principal  current  is 
accelerated  to  a  considerable  extent,  no  matter  at  what  angle  the  branch  may  be  given  off. 

63.  FLOW  IN  CAPILLARY  TUBES.— Poiseuille  proved  experimentally  that  the  flow  in 
the  capillaries  is  subject  to  special  conditions — 

(1)  The  quantity  of  fluid  which  flows  out  of  the  same  capillary  tube  is  proportional  to  the 
jn'essure. 

(2)  The  time  necessary  for  a  given  quantity  of  fluid  to  flow  out  (with  the  like  pressure, 
diameter  of  tube  and  temperature),  is  proportional  to  the  length  of  the  tubes. 

(3)  The  product  of  the  outflow  (other  things  being  equal)  is  as  the  fourth  power  of  the 
diameter. 
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(4)  The  velocity  of  the  current  is  proportional  to  the  pressure  and  to  the  square  of  the 
diameter,  and  inversely  proportional  to  the  length  of  the  tube. 

(5)  The  resistance  in  the  capillaries  is  proportional  to  the  velocity  of  the  current. 

64.  FLOW  IN  ELASTIC  TUBES.— (1)  AVhen  an  uninterrupted  uniform  current  flows  through 
an  elakic  tube,  it  follows  exactly  the  same  laws  as  if  the  tube  had  rigid  tcalls.  If  the  propel- 
ling power  increases  or  diminishes,  the  elastic  tubes  become  wider  or  narrower,  and  they  behave, 
a-s  far  as  the  movement  of  the  fluid  is  concerned,  as  wider  or  narrower  rigid  tubes. 

(2)  Wave-Motion. — If,  however,  more  fluid  be  forced  i)i  jerks  into  an  elastic  tube,  i.e.,  in- 
tcrruptcdlij,  the  hi'st  part  of  the  tube  dilates  suddenly,  corresponding  to  the  (piantity  of  fluid 
propelled  into  it.  The  jerk  communicates  an  oscillatory  movement  to  the  particles  of  the  fluid, 
which  is  communicated  to  all  the  fluid  particles  from  the  beginning  to  the  end  of  the  tube  ;  a 
positive  wave  is  thus  raindly  proipagatcil  throughout  the  ichole  length  of  the  tube.  If  we  imagine 
the  elastic  tube  to  be  closed  at  its  peripheral  end,  the  positive  wave  will  be  reflected  from  the 
point  of  occlusion,  and  it  may  be  propagated  to  and  fro  through  the  tube  until  it  linally  dis- 
appears. In  such  a  closed  tube  a  sudden  jet  of  fluid  produces  only  a  icave-movcment,  i.e.,  only 
a  vibratory  movement,  or  an  alteration  in  the  shape  of  the  liquid,  there  being  no  actual  trans- 
lation of  the  particles  along  the  tube. 

(3)  If,  however,  fluid  be  pumped  interruptedly  or  by  jerks  into  an  elastic  tube  filled  with 
fluid,  in  which  there  is  already  a  continuous  cun-ent,  the  movement  of  the  current  is  combined 
with  the  wave  movement.  We  must  carefully  distinguish  the  movement  of  tlie  current  of  the 
fluid,  i.e.,  the  translation  of  a  mass  of  fluid  through  the  tube,  from  the  wave-movement,  the 
oscillatory  movement,  or  movement  of  change  of  form  in  the  column  of  fluid.  In  the  former, 
the  jiarticles  are  actually  translated,  while  in  the  latter  they  merely  vibrate.  The  current  in 
elastic  tubes  is  slower  than  the  wave-movement,  which  is  propagated  with  great  rapidity.  This 
last  case  obtains  in  the  arterial  system.  The  blood  in  the  arteries  is  already  in  a  state  of  con- 
tinual movement,  directed  from  the  aorta  to  the  capillaries  ;  by  means  of  the  systole  of  the  left 
ventricle  a  quantity  of  fluid  is  suddenly  pumped  into  the  aorta,  and  causes  a  positive  wave,  the 

pulse-wave  which  is  propagated  with  great  rapidity  to  the 
terminations  of  the  arteries,  while  the  current  of  the  blood 
itself  moves  much  more  slowly. 

Rigid  and  Elastic  Tubes. — If  a  quantity  of  fluid  be 
forced  into  a  rigid  tube  under  a  certain  pressure,  the  same 
quantity  of  fluid  will  flow  out  at  once  at  the  other  end  of 
the  tube,  provided  there  be  no  special  resistance.  In  an 
elastic  tube,  immediately  after  the  forcing  in  of  a  quantity 
of  fluid,  at  first  only  a  small  quantity  flows  out,  and  the 
remainder  flows  out  only  after  the  propelling  force  has 
ceased  to  act.  If  an  equal  quantity  of  fluid  be  periodically 
injected  into  a  rigid  tube,  with  each  jerk  an  equal  quantity 
is  forced  out  at  the  other  end  of  the  tube,  and  the  outflow 
lasts  exactly  as  long  as  the  jerk  or  the  contraction,  and 
the  pause  between  two  periods  of  outflow  is  exactly  the 
same  as  between  the  two  jerks  or  contractions.  In  an 
elastic  tube  it  is  different,  as  the  outflow  continues  for  a 
time  after  the  jerk  ;  hence,  it  follows  that  a  continuoirs 
outflow  current  will  be  produced  in  elastic  tubes,  when 
the  time  between  two  jerks  is  made  shorter  than  the  dura- 
tion of  the  outflow  after  the  jerk  has  been  completed. 
When  fluid  is  pumped  periodically  into  rigid  tubes,  it 
causes  a  sharp  abrupt  outflow  synchronous  with  the  in- 
flow, and  the  outflow  becomes  continuous  only  when  the 
inflow  is  continuous  and  uninterrupted.  In  elastic  tubes, 
an  intermittent  current  under  the  above  conditions  causes 
a  continuous  outflow,  which  is  increased  with  the  systole 
01'  contraction. 


Coats  of  a 


Fig.  68, 
small  artery. 


65.  STRUCTURE  AND  PROPERTIES  OF 
e„,;o.THE  BLOOD-VESSELS.— In  the  body  the  large 


uiiit>  ui  a,  .sHuui  ariery.     a,  enuo-  .  .^~^.»...»^k,.  uuc  laiji^c 

thelium  ;  b,  internal  elastic  lamina  ;  vessels  carry  the  blood  to  and  from  the  various 
c,  circular  muscular  fibres  of  the  tissues  and  organs,  while  the  thin-walled  capillaries 
middle  coat ;  d,  the  outer  coat.      b^^g  the  blood  into  intimate  relation  with  the 
tissues.    Through  the  excessively  thin  walls  of  the  capillaries  the  fluid  part  of  the 
blood  transudes,  to  nouri.sh  the  tissues  outside  the  capillaries.    [At  the  same  time 
fluids  pass  from  the  tissues  into  the  blood.    Thus,  there  is  an  exchange  between  the 
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blood  and  the  fluids  of  the  tissues.  The  fluid  after  it  passes  into  the  tissues  consti- 
tutes the  lymph,  and  acts  like  a  stream  irvujating  the  tissue  elements.] 

I.  The  arteries  are  distinguished  from  veins  by  their  thickev  ivalb,  due  to  the 
greater  development  of  smooth  muscular  and  elastic  tissues — the  middle  coat 
(tunica  media)  of  the  arteries  is  specially  thick,  while  the  outer  coat  (t.  adventitia) 
is  relatively  thin.    [The  absence  of  valves  is  by  no  means  a  characteristic  feature.] 

A  typical  artery  consists  of  three  coats  (tig.  68).  (1)  The  tunica  intima,  or  inner  coat, 
consists  of  a  layer  of  {a)  irregular,  long,  fusiform  nucleated  squamous  cells  forming  the 
excessively  thin  transparent  endothelium,  immediately  in  contact  with  the  blood-stream. 
[Like  other  endothelial  cells,  these  cells  are  held  together  by  a  cement  substance,  which  is 
blackened  by  the  action  of  silver  nitrate.]  Outside  this  lies  a  very  thin,  more  or  less  fibrous, 
layer — mb-cijithelial  layer — in  which  numerous  spindle  or  branched  protoplasmic  cells  lie  em- 
beelded  within  a  corresponding  system  of  plasma  canals.  Outside  this  is  an  elastic  lamina  [b), 
which  in  the  smallest  arteries  is  a  structureless  or  tibrous  elastic  membrane — in  arteries  of 
medium  size  it  is  a  fenestrated  membrane  {Hcnle),  while  in  the  largest  arteries  there  may  be 
several  layers  of  elastic  lamim^  or  fenestrated  elastic  membrane  mi.Ked  witli  connective-tissue. 
[In  some  arteries  the  elastic  membrane  is  distinctly  iibrous,  the  fibres  being  chiefly  arranged 
longitudinally.  It  can  be  stripped  ofT,  when  it  forms  u  brittle  elastic  membrane,  which  has  a 
great  tendency  to  curl  up  at  its  margins.  In  a  transverse  section  of  a  middle-sized  artery  it 
appears  as  a  bright  wavy  line,  but  the  curves  are  probably  produced  by  the  partial  collapse  of  the 
vessel.  It  forms  an  important  guide  to  the  piathologist,  in  enabling  him  to  determine  which 
coat  of  the  artery  is  diseased.]  In  middle-sized  and  large  arteries  a  few  non-striped  muscular 
fibres  are  disposed  longitudinally  between  the  elastic  plates  or  lamina?.  Along  with  the  circular 
muscular  fibres  of  the  middle  coat,  they  may  act  so  as  to  narrow  the  artery,  and  they  may  also 
aid  in  keeping  the  lumen  of  the  vessel  open  and  of  uniform  calibre. 

(2)  The  tunica  media,  or  middle  coat,  contains  much  non-striped  muscle  (c),  which  in  the 
smallest  arteries  consists  of  transversely  disposed  non-striped  muscular  fibres  lying  between  the 
endothelium  and  the  T.  adventitia,  while  a  finely  granular  tissue  with  few  elastic  fibres  forms 
the  bond  of  union  between  them.  As  we  proceed  from  the  very  smallest  to  the  small  arteries, 
the  number  of  muscular  fibres  becomes  so  great  as  to  form  a  well-marked  fibrous  ring  of  non- 
striped  muscle,  in  which  there  is  comparatively  little  connective-tissue.  In  the  large  arteries  the 
amount  of  connective-tissue  is  considerably  increased,  and  between  the  layers  of  fine  connective- 
tissue  numerous  (as  many  as  50)  thick,  elastic  fibrous  or  fenestrated  laminte  are  concentrically 
arranged.  A  few  non-striped  fibres  lie 
scattered  amongst  these,  and  some  of  them 
are  arranged  transversely,  while  a  few 
have  an  oblique  or  longitudinal  direction. 

The  first  part  of  the  aorta  and  pulmonary 
artery,  and  the  retinal  arteries,  are  devoid 
of  muscle.  The  descending  aorta,  common 
iliac,  and  popliteal  have  longitudinal  fibres 
between  the  transverse  ones.  Longitudinal 
bundles  lying  inside  the  media  occur  in 
the  renal,  splenic,  and  internal  spermatic 
arteries.  Longitudinal  bundles  occur  both 
on  the  outer  and  inner  surfaces  of  the  um- 
bilical arteries,  wliich  are  very  muscular. 

(3)  The  tunica  adventitia,  or  outer  coat, 
in  the  smallest  arteries  consists  of  a  struc- 
tureless membrane  with  a  few  connective- 
tissue  corjiuscles  attached  to  it ;  in  somewhat 
larger  arteries  there  is  a  layer  of  fine  fibrous 
elastic  tissue  mixed  with  bundles  of  fibrillai- 
connective-tissue  (cl).  In  arteries  of  w«W/<' 
size,  and  in  the  largest  arteries,  the  chief 
mass  consists  of  bundles  of  fibrillar  con-  ^  .  . 
nective-tissue  containing  connective-tissue  ^^ipi'larjes 
corpuscles.  The  bundles  cross  each  other 
in  a  variety  of  directions,  and  fat  cells  often 
lie  between  them.  Next  the  media  there  are  numerous  fibrous  or  fenestrated  elastic  lamellre. 
In  medium  sized  and  small  arteries  the  elastic  tissue  next  the  media  takes  the  form  of  an  inde- 
pendent elastic  membrane  (Henle's  external  elastic  membrane).  Bundles  of  non-striped  muscle, 
arranged  longitudinally,  occur  in  the  adventitia  of  the  arteries  of  the  penis,  and  in  the  renal, 
splenic,  spermatic,  iliac,  hypogastric,  and  superior  mesenteric  arteries. 

II.  The  capillaries,  while  retaining  their  diameter,  divide  and  reunite  so  as  to  form  net- 
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The  outlines  of  the  nucleated  endo- 
thelial cells  with  the  cement  blackened  by  the 
action  of  silver  nitrate. 
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works,  Avhose  shape  and  arrangement  differ  considerably  in  different  tissues.  The  diameter  of 
the  capillaries  varies  considerably,  but  as  a  general  rule  it  is  such  as  to  admit  freely  a  single  row 
of  blood-corpuscles.  In  the  retina  and  the  muscles  the  diameter  is  5-6  yu,  and  in  bone-marrow, 
liver,  and  choroid  10-20  /x.  The  tubes  consist  of  a  single  layer  of  transparent,  excessively  thin, 
nucleated,  endothelial  cells  joined  to  each  other  by  their  margins.  [The  nuclei  contain  a  well- 
marked  intra-nuclear  ])lexus  of  fibrils,  like  other  nuclei.]  The  cells  are  more  fusiform  in  the 
smaller  capillaries  and  more  })olygonal  in  the  larger.  The  body  of  the  cells  jiresents  the 
characters  of  very  faintly  refractive  lU'otoplasm,  but  it  is  doubtful  whether  the  body  of  the 
cell  is  endowed  with  the  property  of  contractility  (p.  96). 

If  a  dilute  solution  (J  per  cent.)  of  silver  nitrate  be  injected  into  the  blood-vessels,  the 
cement  substance  of  the  endothelium,  [and  of  the  muscular  fibres  as  well],  is  revealed  by  the 
presence  of  the  black  "silver  lines."  The  blackened  cement  substance  shows  little  specks  and 
large  black  slits  at  diff"erent  points.  It  is  not  certain  whether  these  are  actual  holes  through 
which  colourless  corpuscles  may  pass  out  of  the  vessels,  or  are  merely  larger  accumulations  of 
the  cement  substance.  [If  a  capillary  is  examined  in  a  perfectly  fresh  condition  (while  living) 
and  without  the  addition  of  any  reagent,  it  is  impossible  to  make  out  any  line  of  demarcation 
between  adjacent  cells  owing  to  the  uniform  refractive  index  of  the  entire  wall  of  the  tube.] 

[Arnold  called  these  small  areas  in  the  black  silver  lines  when  they  are  large  stomata,  and 
when  small  stigmata.  They  are  most  numerous  after  venous  congestion,  and  after  the  dis- 
turbances which  follow  inflammation  of  a  part.  They 
are  not  always  present.  The  existence  of  cement  sub- 
stance between  the  cells  may  also  be  inferred  from  the 
fact  that  indigo-sulphate  of  soda  is  deposited  in  it 
(Thovui),  and  particles  of  cinnabar  and  China  ink  are 
fixed  in  it,  when  these  substances  are  injected  into  the 
blood  (Foa).] 

Fine  anastomosing  fibrils  derived  from  non-medul- 
lated  nerves  terminate  in  small  end-buds  in  relation 
with  the  capillary  wall ;  ganglia  in  connection  with 
the  nerves  of  capillaries  occur  only  in  the  region  of  the 
sympathetic. 

The  small  vessels  next  in  size  to  the  capillaries,  and 
continuous  with  them,  have  a  completely  structureless 
covering  in  addition  to  the  endothelium. 

III.  The  veins  are  generally  distinguished 
from  the  arteries  by  their  lumen  being  wide?- 
than  the  lumen  of  the  corresponding  arteries  ; 
their  walls  are  thinner  on  account  of  the  smaller 
amount  of  non-striped  muscle  and  elastic  tissue 
(the  non-striped  muscle  is  not  unfrequently 
arranged  longitudinally  in  veins).  They  are 
also  more  extensile  (with  the  same  strain).  The 
adventitia  is  u.sually  the  thickest  coat.  The 
occurrence  of  valves  is  limited  to  the  veins  of 
certain  areas. 

Structure. — (1)  The  tunica  intima  consists  of  a  layer 
of  shorter  and  broader  endothelial  cells,  under  which  in 
the  smallest  veins  there  is  a  structureless  elastic  mem- 
brane, sub -epithelial  layer,  which  is  fibrous  in  veins 
somewhat  larger  in  size,  but  in  all  cases  is  thinner  than 
in  the  arteries.  In  large  veins  it  may  assume  the 
characters  of  a  fenestrated  membrane,  which  is  double 
in  some  parts  of  the  crural  and  iliac  veins.  Isolated 
muscular  fibres  exist  in  the  intima  of  the  femoral  and 
popliteal  veins. 

(2)  The  t.  media  of  the  larger  veins  consists  of 
alternate  layers  of  elastic  and  muscular  tissue  united 
to  each  other  by  a  considerable  amount  of  connective- 
.  tissue,  but  this  coat  is  always  thinner  than  in  the 

coiTespondmg  artenes.    This  coat  diminishes  in  the  following  order  in  the  folio  win  o-  vessels 
popliteal,  veins  of  the  lower  extremity,  veins  of  the  upper  extremity,  superior  mesenteric  other 
abdominal  veins,  hepatic,  pulmonary,  and  coronary  veins.    The  following  veins  contain  no 
muscle  :— veins  of  bone,  central  nervous  system  and  its  membranes,  retina,  the  superior  cava 


Longitudinal  section  of  a  vein  at  the 
level  of  a  valve,  a,  hyaline  layer  of 
the  internal  coat ;  b,  elastic  lamina  ; 
c,  groups  of  smooth  muscular  fibres 
divided  transversely ;  d,  longitudinal 
muscular  fibres  in  the  adventitia. 
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with  the  large  trunks  that  open  into  it,  the  upper  part  of  the  inferior  cava.  Of  course,  in  these 
cases  the  media  is  very  thin.  In  the  smallest  veins  the  media  is  formed  of  line  connective- 
tissue,  witli  very  few  muscular  fibres  scattered  in  the  inner  part. 

(3)  The  t.  adventitia  is  thicker  than  that  of  the  corresponding  arteries  ;  it  contains  much 
■connective-tissue,  usually  arranged  longitudinally,  and  not  much  elastic  tissue.  Longitudinally 
aiTanged  muscular  fibres  occur  in  some  veins  (renal,  portal,  inferior  cava  near  the  liver,  veins 
of  the  lower  extremities).  The  valves  consist  of  tine  hbrillar  connective-tissue  with  branched 
cells.  An  elastic  network  exists  on  their  convex  surface,  and  both  surfaces  are  covered  by 
endothelium.  The  valves  contain  many  muscular  hbres  (tig.  70).  [Ranvier  has  shown  that 
the  shape  of  the  epithelial  cells  on  the  side  over  which  the  blood  passes,  are  more  elongated 
than  on  the  cardiac  side  of  the  valve,  where  the  long  axes  of  the  cells  are  jdaced  transversely.] 

The  sinuses  of  the  dura  mater  are  spaces  covered  with  endothelium.  The  spaces  are  either 
duplicatures  of  the  membrane,  or  channels  in  tlie  substance  of  the  tissue  itself. 

Cavernous  spaces  we  may  imagine  to  arise  by  numerous  divisions  and  anastomoses  of  tolerably 
large  veins  of  unequal  calibre.  The  vascular  wall  appears  to  be  much  perforated  and  like  a 
sponge,  the  internal  space  being  traversed  by  threads  and  strands  of  tissue,  which  are  covered 
with  endothelium  on  their  surfaces,  that  are  in  contact  with  the  blood.  The  surrounding  wall 
consists  of  connective-tissue,  which  is  often  very  tough,  as  in  the  corpus  cav-ernosum,  and  it 
not  unfre([uently  contains  non-striped  nniscle. 

Cavernous  formations  of  an  analogous  nature  on  arteries  are  the  carotid  gland  of  the  frog, 
and  a  similar  structure  on  the  pulmonary  arteries  and  aorta  of  the  turtle,  and  the  coccygeal  gland 
of  man.  The  last  structure  is  richly  supplied  with  sympathetic  nerve-tibres,  and  is  a  convoluted 
mass  of  ampuUated  or  fusiform  dilatations  of  the  middle  sacral  artery,  surrounded  and  per- 
meated by  non-striped  muscle. 

Vasa  Vaaorum. — [These  are  snrall  vessels  which  noiirish  the  coats  of  the  arteries  and  veins. 
They  arise  from  one  part  of  a  vessel  and  enter  tlie  walls  of  the  same,  or  anotlier  vessel  at  a 
lower  level.  They  break  up  chiefly  in  the  outer  coat,  and  none  enter  the  inner  coat.]  In 
structure  they  resemble  other  small  blootl-vessels.  The  blood  circulating  in  the  arterial  or 
venous  wall  is  returned  by  small  veins. 

[Lymphatics. — There  are  no  lymphatics  on  the  inner  surface  of  the  muscular  coat,  or  under 
the  iutima  in  large  arteries.  They  are  numerous  in  a  gelatinous  layer  immediately  outside  the 
muscular  coat,  and  the  same  relation  obtains  in  large  muscular  veins  and  lymphatic  trunks 
{Hoggan).] 

Intercellular  Blood-Channels. — Intercellular  blood-channels  of  narrow  calibre,  and  without 
walls,  occur  in  tl)e  granulation  tissue  of  healing  wounds.  At  first  blood-plasma  alone  is  found 
between  the  formative  cells,  but  afterwards  the  blood-current  forces  blood-corpuscles  through 
the  channels.  The  first  blood-vessels  in  the  developing  chick  are  formed  in  a  similar  way  from 
the  formative  cells  of  the  mesoblast. 

Properties  of  the  Blood-Vessels. — The  larger  blood-vessels  are  cylindrical  tubes 
composed  of  several  layers  of  various  tissues,  more  especially  elastic  tissue  and  smooth 
muscular  Jibres,  and  the  whole  is  lined  by  a  smooth  polished  layer  of  eudothelium.  One 
of  the  most  important  properties  is  the  contiactility  of  the  vascular  wall,  in  virtue  of 
which  the  calibre  of  the  vessel  can  be  varied,  and  therefore  the  supply  of  blood  to 
a  part  is  altered.  The  contractility  is  due  to  the  plain  muscular  fibres,  which  are, 
for  the  most  part,  arranged  circularly.  It  is  most  marked  in  the  small  arteries,  and 
of  course  is  absent  where  no  muscular  tissue  occurs.  The  amount  and  intensity  of 
the  contraction  depend  upon  the  development  of  the  muscular  tissue  ;  in  fact,  the 
two  go  hand  in  hand.  [If  an  artery  be  exposed  in  the  living  body  it  soon  contracts 
under  the  stimulus  of  the  atmosphere  acting  upon  the  muscular  fibres.] 

[Action  of  Drugs  on  the  Vascular  System. — Gaskell  finds  that  a  very  dilute  solution  of  lactic 
acid  (1  :  10,000  parts  of  saline  solution),  passed  through  the  blood-vessels  of  a  frog,  always 
enlarges  the  calibre  of  the  blood-vessels,  while  an  alkaline  solution  (1  part  sodium  hydrate  to 
10,000  saline  solution)  always  diminishes  their  size,  usually  to  absolute  closure,  and  indeed  the 
artificial  constriction  of  the  blood-vessels  may  be  almost  complete.  These  fluids  are  antagonistic 
to  each  other  as  far  as  regards  their  action  on  the  calibre  of  the  arteries.  Dilute  alkaline 
solutions  act  on  the  heart  in  the  same  way.  After  a  series  of  beats  the  ventricle  stops  beating, 
the  standstill  being  in  a  state  of  contraction.  Very  dilute  lactic  acid_  causes  the  ventricle  to 
stand  still  in  the  phase  of  complete  relaxation.  The  acid  and  alkaline  saline  solutions  are 
antagonistic  in  their  action  on  the  ventricle.  Cash  and  Bmnton  find  that  dilute  acids  have 
a  tendency  to  increase  the  transudation  through  the  vessels  and  produce  adema  of  the  surround- 
ing tissues.  They  also  observed  that  barium,  calcium,  strontium,  copper,  iron,  and  tin  produce 
contraction  of  the  blood-vessels  when  solutions  of  their  salts  are  driven  through  them,  while 
the  same  eftect  is  produced  by  very  dilute  solutions  of  potassium.    Nicotin,  atropin,  and 
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chloral  diftev  iu  their  action  according  to  the  dose.  In  these  experiments  the  eifect  was  ascer- 
tained b)'  the  amount  of  lluid  which  flowed  out  of  the  vessels  in  a  given  time.]  If  blood 
containing  certain  drugs  be  perfused  through  the  blood-vessels  of  a  freshly  excised  organ,  the 
blood-vessels  arc  dilated;  e.g.,  by  amyl  nitrite,  chloral  hydrate,  morphia,  CO,  paraldehyde, 
kairiu,  quinine,  atropin,  ferricyanide  of  potassium,  (urea  andsodic  chloride  in  the  renal  vessels), 

 they  are  contracted  by  digitalin,  veratria,  helleboiin  {Kobert).    Heat  causes  contraction  of  the 

blood-vessels  of  the  frog's  mesentery  {Gartner).    According  to  Roy  the  blood-vessels  shorten 
when  heated. 

Tliat  the  capillaries  undergo  dilatation  and  contraction,  owing  to  variations  in 
the  size  of  the  protoplasmic  elements  of  their  walls,  must  be  admitted. 

Strieker  has  described  capillaries  as  "  protoplasm  in  tubes,"  and  observed  that  in  the  tad- 
pole they  exhibited  movements  when  stimulated.  Golubew  described  an  active  state  of  contrac- 
tion of  the  capillary  wall,  but  he  regarded  the  nuclei  as  the  parts  which  underwent  change. 
Kouget  observed  the  same  result  in  the  capillaries  of  new-born  mammals.  Tarchanoft"  found  that 
mechanical  or  electrical  stimulation  caused  a  change  in  the  shape  and  size  of  the  nuclei,  so  that 
he  regards  these  as  the  actively  contractile  parts.  [Severini  also  attaches  great  importance  to 
the  contractility  of  the  capillaries  and  especially  of  their  nuclei  as  influencing  the  blood-stream. 
Oxygen  acts  on  the  nuclei  of  the  capillary  wall  (membrana  nictitans  of  frog)  and  causes  them 
to  swell,  while  CO.^  has  an  opposite  effect.  The  circulation  through  a  lung  suddenly  filled  with 
0  or  atmospheric  air  is  at  first  very  rapid,  but  it  soon  diminishes,  while  with  CO2  the  circula- 
tion remains  constant.]  As  the  capillaries  are  excessively  thin,  soft,  and  delicate,  it  is  obvious 
that  the  form  of  the  individual  cells  must  depend  to  a  considerable  extent  upon  the  degree  to 
which  the  vessels  are  filled  with  blood.  In  vessels  which  are  distended  with  blood  the  en- 
dothelial cells  are  flattened,  but  when  the  capillaries  are  collapsed  they  project  more  or  less 
into  the  lumen  of  the  vessel  {Renaut). 

[It  is  well  known  that  the  capillaries  present  great  variations  in  their  diameter  at  diff"erent 
times.  As  these  variations  are  usually  accompanied  by  a  corresponding  contraction  or  dilatation 
of  the  arterioles,  it  is  usually  assumed  that  the  variations  in  the  diameter  of  the  capillaries  are 
due  to  diti'erences  of  the  pressure  within  the  capillaries  themselves,  viz.,  to  the  elasticity  of  their 
walls.  Every  one  is  agreed  that  the  capillaries  are  very  elastic,  but  the  experiments  of  Roy  and 
Graham  Brown  show  that  they  are  contractile  as  well  as  elastic,  and  these  observers  conclude 
that,  under  normal  conditions,  it  is  by  the  contractility  of  the  capillary  wall  as  a  whole  that 
the  diameter  of  these  vessels  is  changed,  and  to  all  appearance  their  contractility  is  constantly 
in  action.  *' The  individual  capillaries  (in  all  probability)  contract  or  expand  in  accordance 
with  the  requirements  of  the  tissues  through  which  they  pass.  '  The  regulation  of  the  vascular 
blood-flow  is  thus  more  complete  than  is  usually  imagined. " 

Physical  Properties. — Amongst  the  physical  properties  of  the  blood-vessels, 
elasticity  is  the  most  important ;  their  elasticity  is  small  in  amount,  i.e.,  they  offer 
little  resistance  to  any  force  applied  to  them  so  as  to  distend  or  elongate  them  but 
it  is  perfect  in  quality,  i.e.,  the  blood-vessels  rapidly  regain  their  original  size  and 
form  after  the  force  distending  them  is  removed. 

[Uses  of  Elasticity. — The  elasticity  of  the  arteries  is  of  the  utmost  importance  in  aiding  the 
conversion  of  the  unequal  movement  of  the  blood  in  the  large  arteries  into  a  uniform  flow  in  the 
capillaries.  E.  H.  Weber  compared  the  elastic  wall  of  the  arteries  with  the  air  in  the  air- 
chamber  of  a  fire-engine.  In  both  cases  an  elastic  medium  is  acted  upon — the  air  in  the  one 
case  and  the  elastic  tissue  in  the  other— which  in  turn  presses  upon  the  fluid,  propelling  it 
onwards  continually,  while  the  action  of  the  pimip  or  the  heart,  as  the  case  may  be,  is  inter- 
mittent. The  ordinary  spray-producer  acts  on  this  principle.  A  uniform  spray  or  jet  is 
obtained  by  pumping  intermittently,  but  only  when  the  resistance  is  such  as  to  bring  into  action 
the  elasticity  of  the  bag  between  the  pump  and  the  spray-orifice.] 

According  to  E.  H.  Weber,  Volkmann,  and  Wertheim,  the  elongation  of  a  blood-vessel  and 
'inoist  tissues  generally  is  not  proportional  to  the  weight  used  to  extend  it,  the  elongation  being 
relatively  less  with  a  large  weight  than  with  a  small  one,  so  that  the  curve  of  extension  is  nearly 
[or,  at  least,  bears  a  certain  relation  to]  a  hyperbola.  According  to  Wundt,  we  have  not  only  to 
consider  the  extension  produced  at  first  by  the  weight,  but  also  the  subsequent  "elastic 
after-effect,"  which  occurs  gradually.  The  elongation  which  takes  place  during  the  last  few 
moments  occurs  so  slowly  and  so  gradually  that  it  is  well  to  observe  the  effect  by  means  of  a 
magnifying  lens.  Variations  from  the  general  law  occur  to  this  extent,  that  if  a  certain  weight 
is  exceeded,  less  extension,  and,  it  may  be,  permanent  elongation  of  the  artery  not  unfrequently 
occur.  K.  Bardeleben  found,  especially  iu  veins  elongated  to  40  or  50  per  cent,  of  their  original 
length,  that  when  the  weight  employed  increased  by  an  equal  amount  each  time,  the  elongation 
was  proportional  to  the  square-root  of  the  weight.  This  is  apart  from  any  elastic  after-ettect. 
Veins  may  be  extended  to  at  least  50  per  cent,  of  their  length  without  passing  the  limit  of  their 
elasticity. 
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[Roy  experimented  upon  the  elastic  properties  of  the  arterial  wall.  A  portion  of  an  artery, 
so  that  it  could  be  distended  by  any  desired  internal  pressure,  was  enclosed  in  a  sniall  vessel 
containing  olive  oil  arranged  in  the  same  way  as  in  tig.  62  for  the  heart.  The  variations  of  the 
contents  were  recorded  by  means  of  a  lever  writing  on  a  revolving  cylinder.  The  instrument  is 
ternied  a  sphygmotonometer.  The  aorta  and  otlier  large  arteries  are  most  elastic  and  most  dis- 
tensible at  pressures  corresponding  more  or  less  exactly  to  their  normal  blood-pressure,  while  in 
veins  the  relation  between  internal  pressure  and  the  cubic  capacity  is  very  dillerent.  In  them  the 
maximum  of  distensibility  occurs  with  pressures  immediately  above  zero.  Speaking  generally, 
the  cubic  capacity  of  an  artery  is  greatly  increased  by  raising  the  intra-arterial  tension,  say  from 
zero  to  about  the  normal  internal  pressure  which  the  artery  sustains  during  life.  Thus  in  the 
rabbit,  the  ca]iacity  of  the  aorta  was  quadrupled  by  raising  the  intra-arterial  pressure  I'rom  zero 
to  200  mm.  Hg.,  while  that  of  the  carotid  was  more  than  six  times  greater  at  that  pressure  than 
it  was  in  the  undistended  condition.  The  pulmonary  artery  is  distinguished  by  its  excessive 
elastic  distensibility.  Its  capacity  (rabbit)  was  increased  more  than  twelve  times  on  raising  tlie 
internal  pressure  from  zero  to  about  36  mm.  Hg.  Veins,  on  the  other  hand,  are  distinguished 
by  the  relatively  small  increase  in  their  cubic  capacity  produced  by  greatly  raising  the  internal 
pressure,  so  that  the  enormous  changes  in  the  capacity  of  the  veins  during  life  are  due  less  to 
differences  in  the  pressure  than  to  the  great  ditfereiices  in  the  quantity  of  blood  which  they 
contain.] 

Pathological. — Interference  with  the  nutrition  of  aii  artery  alters  its  elasticity,  [and  that  in 
cases  where  no  structural  changes  can  be  found].  Marasmus  preceding  death  causes  the  arteries 
to  become  wider  than  normal.    In  some  old  people  the)'  become  atheromatous  and  even  calcified. 

Cohesion. — The  cohesion  of  blood-vessels  is  very  great,  and  in  virtue  of  this 
they  ar"e  able  to  resist  even  considerable  internal  pressure  without  giving  way.  The 
carotid  of  a  sheep  is  ruptured  only  when  fourteen  times  the  usual  pressure  it  is  called 
upon  to  bear  is  put  upon  it  ( Volhnann).  Given  a  vein  and  an  artery  of  the  same 
thickness,  a  greater  pressure  is  required  to  rupture  the  former  than  the  latter.  The 
human  carotid  or  iliac  artery  resists  a  pressure  of  8  atmospheres,  the 
veins  about  the  half  of  this. 
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66.  INVESTIGATION  OF  THE  PULSE.— [The  characters  of 
the  pulse  may  be  investigated  by — (1)  the  eye  (inspection) ;  (2)  the 
finger  {palpation)  ;  (3)  instruments. 

Two  or  three  fingers  are  placed  over  the  course  of  the  radial 
artery,  and  the  various  phenomena  in  connection  with  the  pulse  are 
noted.  It  takes  much  practice  for  the  physician  to  acquire  the 
tactus  eruditus,  and  notwithstanding  the  value  of  instruments,  every 
physician  should  make  a  careful  study  of  the  pulse-beat  with  his 
finger.  In  order  to  feel  the  pulse-beat  or  to  take  a  pulse-tracing, 
there  must  be  some  resistant  body,  e.g.,  a  bone  behind  the  artery, 
and  a  certain  degree  of  pressure  must  be  exerted  on  the  artery.] 

The  individual  phases  of  the  movement  of  the  pulse  can  only 
be  accurately  investigated  by  the  application  of  instruments  to  the 
arteries. 

(1)  Poiseiulle's  Box  Pulse-Measurer  (1829). — An  artery  is  exposed  and 
placed  in  an  oblong  box  filled  with  an  indifferent  fluid.  A  vertical  tube  with 
a  scale  attached  communicates  with  the  interior  of  the  box.  The  column  of 
fluid  undergoes  a  variation  with  every  pulse-beat. 

(2)  Herisson's  Tubular  Sphygmometer  consists  of  a  glass  tube  whose  lower 
end  is  covered  with  an  elastic  membrane  (fig.  71).    The  tube  is  partly  filled 
with  Hg.    The  membrane  is  placed  over  the  position  of  a  pulsating  artery, 
so  that  its  beat  causes  a  movement  in  the  Hg.    Chelius  used  a  similar  instru-  Sphygmometer  of 
ment,  and  he  succeeded  with  this  instrument  in  showing  the  existence  of  the    jq^j-isson  and 
double  beat  (dicrotism)  in  the  normal  pulse  (1850).  Chelius. 

(3)  Vierordt's  Sphygmograph  (18.55).— In  this,  one  of  the  earliest  sphygmo- 

graphs,  Vierordt  departed  from  the  principle  of  a  fluctuating  fluid  colunui,  and  adopted  the 
principle  of  the  lever.  Upon  the  artery  rested  a  small  pad,  which  moved  a  complicated  system 
of  levers.  At  first  he  used  a  straw  6  inches  long,  which  rested  on  the  artery.  The  point  of 
one  of  the  levers  inscribed  its  movements  upon  a  revolving  cylinder.  This  instrument  was 
soon  discarded. 

(4)  Malay's  Sphygmograph  consists  of  a  combination  of  a  lever  with  an  elastic  spring. 

G 


Fig.  71. 
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elastic  spring  (tig.  / ^v;     •^■^^^'^  ~,        ^.^  i,..v.  — ,        ,  ,■  f 

ivory  pad,  y,  which  is  pressed  by  the  spring  upon  the  radial  artery.  On  the  upper  surlace  ot 
the  pad  tliere  is  a  vertically-placed  fine  toothed  rod,     which  is  presse 


A)  is  fixed  at  one  end,     free  at  the  other  end,  and  provided  with  an 

 J  t...  ^1  :  X,.  _  artery.    On  the  upper  surlace  of 

pressed  upon  by  a  weak  spring,  e, 


Fig.  7-2. 

Scheme  of  Marey"s  sphygniograpli.  A,  spring  with  ivory  pad,  //,  which  rests  on  the  artery ;  c, 
weak  spring  pressing  k  into  I  ;  r,  writing  lever ;  P,  piece  of  smoked  glass  or  paper  moved 
by  clock-work,  U  ;  H,  screw  to  limit  excursion  of  A  ;  S,  arrangement  for  fixing  the  instru- 
ment to  the  arm  of  the  ]>atient. 

.so  that  its  teeth  dovetail  with  similar  teeth  in  the  small  wheel,  t,  from  whose  axis  there  pro- 
jects a  long,  light,  wooden  lever,  c,  running  nearly  parallel  with  the  elastic  spring.  This  lever 
has  a  fine  style  at  its  free  end,  s,  which  writes  upon  a  smoked  plate,  P,  moved  by  clock-work, 
U,  in  front  of  the  style.  Marey's  instrument,  as  improved  by  Mahomed  and  others,  has  been 
very  largely  used. 

[Its  more  complete  form,  as  in  fig.  73.  where  it  is  shown  applied  to  the  arm,  consists  of — (1) 
a  steel  spring,  A,  which  is  provided  with  a  pad  resting  on  the  arter}',  and  moves  with  each 
movement  of  the  arteiy  ;  (2)  the  lever,  C,  which  records  the  movement  of  the  artery  and  spring 
in  a  magnified  form  on  the  smoked  paper,  G  ;  (3)  an  arrangement,  L,  whereby  the  exact  pressure 
exerted  upon  the  artery  is  indicated  on  tlie  dial,  ;  (4)  the  clock-work,  H,  which  moves  the 
smoked  paper,  G,  at  a  uniform  rate;  (5)  a  iVamework  to  which  the  various  parts  of  the 
instrument  are  attached,  and  by  means  of  whicli  the  instrument  is  fastened  to  the  arm  by  straps, 
K,  K  {B]irom  Bramwcll).^ 

[Application. — In  applying  the  spliygmogrn])!),  cause  the  patient  to  seat  himself  beside  a  low 
table,  and  place  his  arm  on  tlie  double-inclined  plane  (fig.  73).    In  the  newer  form  of  instru- 
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Fig.  73. 

Marey's  improved  sphygmograpli.  A,  steel  spring  ;  B,  first  lever  ;  C,  writing  lever  ;  C,  its  free 
writing  end  ;  D,  screw  for  liringing  B  in  contact  with  C  ;  G,  slide  with  smoked  paper  ;  H, 
clock-work  ;  L,  screw  for  increasing  the  pressure  ;  M,  dial  indicating  the  pressure  ;  K,  K, 
.straps  for  fixing  the  instrument  to  the  arm,  and  the  arm  to  the  double-inclined  plane  or 
support. 

ment,  the  lid  of  the  box  is  so  arranged  as  to  unfold  to  make  this  support.  The  fingers  ought  to 
be  semi-flexed.  Mark  the  position  of  the  radial  artery  with  ink.  See  that  the  clock-w?rk  is 
wound  up,  and  apply  the  ivory  ])ad  exactly  over  the  radial  artery  where  it  lies  upon  the  radius 
fixing  It  to  tlie  arm  l)y  the  non-elastic  straps,  K,  K.  Fix  the  slide  holding  the  smoked  paper 
m  position.  1  lie  best  paper  to  use  is  that  with  a  very  smooth  surface,  or  an  enamelled  card 
smoked  over  the  flame  of  a  turpentine  lamp,  over  a  piece  of  burning  camphor,  or  over  a  fan- 
tailed  gas-burner.  The  writing-style  is  so  arranged  as  to  write  upon  the  smoked  paper  with 
the  least  possible  friction.     It  is  most  important  to  regulate  the  pressure  exerted  iipon  the 
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artery  by  means  of  the  inillod  lieud,  L.  This  must  be  determined  for  each  pulse,  but  the  rule  is 
TO  graduate  the  pressure  until  the  <,'reatest  ami.litude  of  movement  of  the  lever  is  obtained, 
set  the  clock-work  going,  and  a  tracing  is  obtained,  which  must  be  "  fixed  "  by  dipping  it  in 
a  rapully  drying  varnish,  e.^. ,  photographic.  In  every  case  scratch  on  the  tracing  with  a  needle 
the  name,  date,  and  amount  of  pressure  eniployed  ] 

[(o)  Dudgeons  Sphygmograph.-This  is  a  convenient  form  of  sphygniograph,  although 
Jiroadbent  regards  its  results  as  untrustworthv.    Tlie  instrument  after  being  carclully  adjusted 


Fig.  74. 
Ludwig's  sphygraograph. 

upon  the  radial  artery  is  kept  in  ])osition  by  an  inelastic  .strap.  The  pressure  of  the  spring  is 
regulated  by  the  eccentric  wheel  to  any  amount  I'lom  1  to  5  ounces.    As  in  othei'  instruments 


Fig.  75. 
Dudgeon's  sphygniograph. 


the  tracing  paper  is  moved  in  front  of  tlie  writing-needle  by  means  of  clock-work.  The  writing- 
levers  are  .so  adjusted  that  the  movements  of  the  artery  are  magnified  fifty  times  (fig.  75).] 

(6)  [Ludwig's  improved  form  is  a  very  serviceable  instrument  (fig.  74).] 

(7)  Marey's  tambours  are  also  employed  for  registering  tlie  movements  of  the  pulse.  They 
are  used  in  the  same  yvay  as  the  pansphygmograph.    Two  pairs  of  metallic  cups  (fig.  76,  S,  S, 
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and  S'  S'  Uphaiu's  capsules)  are  pierced  in  the  middle  by  thin  metal  tubes,  whose  free  ends 
are  connected  with  caoutchouc  tubes,  K  and  K'.  All  the  four  metallic  vessels  are  covered  with 
an  elastic  membrane.  On  S  and  S'  are  fixed  two  knob-like  pads, and/,  which  are  applied  to 
the  pulsatiii"-  arteries,  and  the  metal  arcs,  B  and  B',  retain  them  in  position.  On  the  other 
tambours  aiZ  arranged  the  writing-levers,  Z  and  Z'.  Pressure  on  the  one  tambour  necessarily 
compresses  the  air,  and  makes  the  other,  with  which  it  is  connected,  e.xpand,  so  as  to  move  the 
writino--lever.    This  arrangement  does  not  give  absolutely  exact  results  ;  still,  it  is  very  easily 


Fig.  76. 

Scheme  of  Broudgeest's  sphygmograph.    S,  S',  receiving  and  recording  (S,  S')  tambours  with 
writing  levers,  Z  and  Z' ;  K,  K',  conducting  tubes :  2^,  over  heart,  j)',  over  a  distant  artery. 

used,  and  is  convenient.  In  fig.  76  a  double  arrangement  is  shown,  whereby  one  instrument,  B, 
may  be  placed  over  the  heart,  and  the  other,  B',  on  a  distant  artery. 

(8)  Landois'  Angiograph. — To  a  basal  plate,  G,  G,  are  fixed  two  upright  supports,  p,  which 
carry  between  them  at  their  upper  part  the  movable  lever,  d,  r,  carrying  a  rod  bearing  a  pad, 
e,  directed  downwards,  which  rests  on  the  pulse.    The  short  arm  carries  a  counterpoise,  d,  so 


Fig.  77. 

Scheme  of  Landois'  angiograph. 

as  exactly  to  balance  the  long  arm.  The  long  arm  has  fixed  to  it  at  r  a  vertical 
rod  provided  with  teeth,  h,  which  is  pressed  against  a  toothed  wheel  firmly  fixed 
on  the  axis  of  the  very  light  writing-lever,  c,f,  which  is  supported  between  two  up- 
rights, q,  fixed  to  the  opposite  end  of  the  basal  plate,  G,  G.  The  Avriting-lever  is  equilibrated 
by  means  of  a  light  weight.  The  writing-needle,  k,  is  fixed  by  a  joint  to  c,  and  it  writes  on  the 
plate,  t.  The  first-mentioned  lever,  d,  r,  carries  a  shallow  cup,  Q,  just  above  the  pad,  into 
which  weights  may  be  put  to  press  on  the  pulse.    In  this  instrument  the  weight  can  be  measured 
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and  varied  ;  the  writing-lever  moves  vertically,  and  not  in  a  ciu-ve  as  in  Marey's  apparatus, 
which  greatly  facilitates  the  measuring  of  the  curves  (fifr.  77). 

Other  sphygmographs  are  used,  both  in  this  country'^md  abroad,  including  that  of  Sommer- 
brodt,  which  is  a  complicated  form  of  Marey's  sphygmograpli,  and  those  of  Pond  and  Mach. 

In  every  pulse-curve— sphygmogram  or' arteriogram— we  can  distinguish  the 
itscendhif/  part  (ascent)  of  the  curve,  the  apex,  and  the  descending  part  (descent). 
Secondary  elevations  scarcely  ever  occur  in 
the  ascent,  which  is  usually  represented  by  a 
straight  line,  while  they  are  always  present 
in  the  descent.  Such  elevations  occurring  in 
the  descent  are  called  catacrotic,  and  those 
in  the  ascent,  anacrotic.  When  the  recoil 
elevation  or  dicrotic  wave  occurs  in  a  well- 
marked  form  in  the  descent,  the  pulse  is  said 
to  be  dicrotic,  and  when  it  occurs  twice, 
tricrotic. 

Measuring  Pulse-Curves.— If  the  .smoked  surface 
on  which  the  tracing  i.s  inscribed  is  moved  at  a  uni-  jjovmal  pulse-curve  of  the  radial  artery, 
torm  rate  by  means  of  the  clock-work,  then  the  obtained  by  the  an giograph  writing  upon 
height  and  length  of  the  curve  are  measured  by  a  plate  attached  to  a  vibrating  tuning- 
means  of  an  ordinary  rule.  If  we  know  the  rate  at  fork.  Each  double  vibration  =  0'01613 
which  the  paper  was  moved,  then  it  is  easy  to  calcu-  ^ec. 
late  the  duration  of  any  event  in  the  curve. 

The  curve  may  be  recorded  on  a  plate  of  glass  fixed  to  a  tuning-fork  kept  in  vibration.  Every 
part  of  the  curve  shows  little  elevations  (whose  rate  of  vibration  is  known  beforehand).  All 
that  is  required  is  to  count  the  number  of  vibrations  in  order 
to  ascertain  tlie  iluration  of  any  part  of  the  curve  (fig.  78). 

Gas-Sphygmoscope. — A  small  metallic  or  glass  capsule  (fig. 
79),  provided  with  an  inlet  and  an  outlet  tube,  and  closed 
below  by  a  Hne  membrane,  is  placed  over  an  artery.  The 
inlet  tube  is  connected  to  a  gas  suppl}-,  and  the  outlet  to  a 
rat-tailed  gas-burner  (6).  The  gas-jet  responds  to  every  pulse- 
beat.  Czermak  photofiraphed  a  beam  of  light  set  in  motion 
by  the  movements  of  the  pulse. 

Hsemautography. — Expose  a  large  artery  of  an  animal,  and 
divide  it  so  that  the  stream  of  blood  issuing  from  it  strikes 
against  a  piece  of  paper  drawn  in  front  of  tlie  blood-stream. 


Fig.  80. 

Micmautographic  curve  of  the  poste- 
rior tibial  artery  of  a  dog.  P,  jirim- 
ary  pulse-wave  ;  P,  dicrotic  wave  ; 
Gas-sphygmoscopc  of  S.  Mayer.  r,  e,  elevations  due  to  elasticity. 

The  curve  so  obtained  (fig.  80)  shows,  in  addition  to  the  primary  wave,  P,  a  distinct  dicrotic 
wave,  R,  and  slight  vibrations,  r,  ^,  due  to  the  variations  in  the  elasticity  of  the  arterial  wall, 
which  shows  that  the  movements  occur  in  tlie  blood  itself,  and  are  communicated  as  waves  to 
the  arterial  wall.  By  estimating  the  amount  of  blood  in  the  various  parts  of  the  curve,  we  obtain 
a  knowledge  of  the  amount  of  blood  discharged  by  the  divided  artery  during  the  systole  and 
diastole  {i.e.,  the  narrowing  and  dilatation)  of  the  artery — the  ratio  is  7:  10.  Thus  in  the 
unit  of  time,  during  arterial  dilatation,  rather  more  than  twice  as  much  blood  flows  out  as 
compared  with  what  occurs  during  arterial  contraction. 
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67.  PULSE-TRACING  OR  SPHYGMOGRAM.— [The  Pulse.— With  each 
systole  of  the  heart,  a  certain  quantity  of  blood  is  forced  into  the  already  filled  and 
partially  distended  arteries,  the  resistance  in  the  vessels  is  lowest  between  the 
pulsations,  and  at  this  time  the  arterial  tubes  are  somewhat  flattened,  but  with 
each  systole  of  the  left  ventricle  the  pulse-wave,  or  rather  the  liquid  pressure  within 
the  vessel,  is  increased,  thus  forcing  the  artery  back  into  the  circular  form.    "  The 

change  of  shape,  from  the  flattened 
condition  impressed  upon  the  vessel 
by  the  finger  or  the  sphygmograph 
lever,  to  the  round  cylindrical  shape 
which  it  assumes  under  the  distend- 
ing force  of  the  blood  within  it,  con- 
stitutes the  pulse,"  and  it  indicates 
the  degree  and  duration  of  the  in- 
creased pressure  in  the  arterial  sys- 
tem caused  by  the  ventricular  systole 


Fig.  »1. 


Sphygmograni  of  radial  artery  :  pressure  2  oz.  Each 
part  of  the  curve  between  the  base  of  one  up-stroke 
and  the  base  of  the  next  up-stroke  corresiionds  to  ^ Bro<(dhent).'\ 
a  beat  of  the  heart,  so  that  this  figure  shows  five 
■  heart-beats  and  part  of  a  sixth. 


Analysis. — A  sphygmogram  or 
pulse-tracing  consists  of  a  series  of 
curves  (fig.  81)  each  of  which  corre.-<ponds  with  one  beat  of  the  heart.  Each  pulse- 
curve  consists  of — 

1.  The  line  of  ascent  {a  to  h  in  fig.  81). 

2.  The  apex  (P  in  fig.  83,  and  h  in  fig.  81). 

3.  The  line  of  descent  {h  to  h). 

(1)  The  line  of  ascent,  up-stroke,  or  percussion  stroke,  is  nearly  vertical,  and 
occurs  during  the  dilatation  of  the  artery  produced  by  the  systole  of  the  left  ven- 
tricle, when  the  aortic  valves  are  forced  open  and  the  ventricular  contents  are  pro- 
jected into  the  arterial  system.  [The  ascent  is  nearly  vertical,  but  in  some  cases, 
where  the  ventricle  contracts  very  suddenly,  as  occasionally  happens  in  aortic 
regurgitation,  it  is  quite  vertical  (fig.  85).] 

(2)  The  apex  or  percussion  wave  in  a  normal  pulse  is  pointed. 

(3)  The  line  of  descent  is  gradual,  and  corresponds  to  the  diminution  of  diameter 
or  contraction  of  the  artery.  It  is  interrupted  by  Uvo  completely  distinct  elevations 
or  secondary  waves.  >Such  elevations  are  called  "  catacrotic."  The  more  distinct 
of  the  two  occurs  as  a  well-marked  elevation  about  the  middle  of  the  descent  (R  in 
fig.  83  and  /  in  fig.  81) ;  it  is  called  the  dicrotic  wave,  or,  with  reference  to  its 
mode  of  origin,  the  ^'■recoil  wdve."  [As  the  descent  corresponds  to  the  time  when 
blood  is  flowing  out  of  the  arteries  at  the  periphery  into  the  capillaries,  its  direction 
will  depend  on  the  rapidity  of  the  outflow.  Thus  it  will  be  more  rapid  in  paralysis 
of  the  arterioles  and  very  rapid  in  aortic  regurgitation,  where,  of  course,  much  of 
the  blood  flows  backward  into  the  left  ventricle  (fig.  85).  In  this  case,  the  artery 
will  recoil  suddenly  from  under  the  finger  or  pad  of  the  instrument,  and  this  consti- 
tutes the  "pulse  of  empty  arteries."] 

The  dicrotic  wave,  or  recoil  wave,  corresponds  to  the  time  following  the  closure 
of  the  aortic  valves,  and  is  preceded  in  the  descent  by  a  slight  depression,  the  aortic 
notch. 

[The  tidal  wave,  or  pre-dicrotic,  occurs  between  the  apex  and  the  dicrotic  w^ave 
(fig.  81,  d).  It  occurs  on  the  descent,  and  during  the  contraction  of  the  ventricle. 
The  tidal  wave  is  best  marked  in  a  hard  pulse,  i.e.,  where  the  blood-pressure  is 
high,  so  that  it  is  usually  well  marked  in  cirrhotic  disease  of  the  kidney,  ac- 
companied by  hypertrophy  of  the  left  ventricle.] 

[In  some  cases,  e.g.,  mitral  regurgitation,  the  pre-dicrotic  wave  niav  be  present  in  some 
pulse-beats  and  absent  in  others  (tig.  82),  where  the  tidal  wave  is  present  in  the  largest  pulse. 
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and  absent  in  the  others,  whil^?  the  base  line  is  uneven.  In  mitral  stenosis  the  tunonnt  of  Wood 
discharged  into  the  left  ventricle  frequently  varies,  hence  the  variations  in  tlie  characters  of 
the  arterial  pulse] 

There  may  be  other  secondary  waves  in  the  low  er  part  of  the  descent. 
[Respiratory  or  Base  Line. -If  a  line  be  drawn  so  as  to  touch  the  base.s  of  all 


Fig.  S-J. 

Irregular  pulse  of  mitral  regurgitation. 

the  up-strokes,  we  obtain  a  straight  line,  hence  called  by  this  name.  The  base  line 
is  altered  in  disease  and  during  forced  respiration  (§  74).] 

The  pulse-curve  indicates  the  variations  of  pressure  which  the  blood  exerts  on  the  arterial 
walls,  for  the  lever  rises  and  falls  with  the  pressure,  hence  v.  Kries  calls  it  the  "  pressure -pulse. " 

68.  ORIGIN  OF  THE  DICROTIC  WAVE. -The  dicrotic  or  recoil  wave, 

which  is  always  present  in  a  normal  pulse,  is  caused  thus  : — During  the  ventricular 
systole  a  mass  of  blood  is  propelled  into  the  already  full  aorta,  whereby  a  positive 
wave  is  rapidly  transmitted  from  the  aorta  throughout  the  arterial  system,  even  to 
the  smallest  arterioles,  i>i  ir/iich  this  primary  v:ave  is  extinguished.  As  soon  as  the 
semi-lunar  valves  are  closed,  and  no  more  blood  flows  into  the  arterial  system,  the 
arteries,  which  were  previously  distended  by  the  mass  of  blood  suddenly  thrown 
into  them,  recoil  or  contract,  so  that  in  virtue  of  the  elasticity  (and  contractility)  of 
their  walls,  they  exert  a  counter-pressure  upon  the  column  of  blood,  and  thus  the 
blood  is  forced  onwards.  There  is  a  free  passage  for  it  towards  the  periphery,  but 
towards  the  centre  (heart)  it  impinges  upon  the  already  closed  semi-lunar  valves. 
This  develops  a  new  positive  wave,  which  is  propagated  peripherally  through  the 
arteries,  where  it  disappears  in  their  finest  branches.  In  those  cases  where  there  is 
sufficient  time  for  the  complete  development  of  the  pulse-curve,  (as  in  the  short 
course  of  the  carotids,  and  in  the  arteries  of  tlie  upper  arm,  but  not  in  those  of  the 
lower  extremity,  on  account  of  their  length),  a  second  reflected  wave  may  be  caused 
in  exactly  the  same  way  as  tlie  first.  Just  as  the  pulse  occurs  later  in  the  more 
peripherally  placed  arteries  than  in  tliose  near  the  heart,  so  the  secondary  wave 
reflected  from  the  closed  aortic  valves  must  a{)pear  later  in  the  peripheral  arteries. 
Both  kinds  of  waves,  the  primary  pulse-wave,  the  secondary,  and  eventually  even 
the  tertiary  reflected  wave — arise  in  the  same  place,  and  take  the  same  course,  and 
the  longer  the  course  they  have  to  travel  to  any  part  of  the  arterial  system,  the 
later  they  arrive  at  their  destination. 

[The  conditions  which  favour  dicrotisni  are  low  blood-jiressure  and  a  rajiid  sharp  cardiac  con- 
traction. When  the  blood-pressure  is  low,  there  is  less  resistance  to  the  inflow  of  blood  at  the 
aorta  from  the  left  ventricle,  so  that  its  systole  occur.s  sharply,  forcing  on  the  blood  and  distending 
tiie  arterial  walls.  The  elastic  c«at«  rebound  on  the  contained  blood,  and  thus  start  a  wave  from 
the  closed  semi-lunar  valves.] 

The  following  points  regarding  the  dicrotic  wave  have  been  ascertained  experi- 
mentally, chiefly  by  Landois  : — 

1.  The  dicrotic  wave  occurs  later  in  the  descending  part  of  the  curve,  the  further 
the  artery  experimented  upon  is  distant  from  the  heart.  Compare  the  curves, 
fig.  83. 

The  shortest  accessible  course  is  that  of  the  carotid  ;  where  the  dicrotic  wave  reaches  its 
maximum  0'35  to  0"37  sec.  after  the  beginning  of  the  pulse.  In  the  uj)per  extremity  the  apex 
of  the  dicrotic  wave  is  0-36  to  0"38  to  0-40  sec.  after  the  beginning  of  the  pulse-beat.  The 
longest  course  is  that  of  the  arteries  of  the  lower  extremity.    The  apex  of  the  dicrotic  wave 
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occurs  0-45  to  0-52  to  0-59  sec.  after  the  beginning  of  the  curve.  It  varies  with  the  height  of 
the  individual.  *  fV, 

o  The  dicrotic  elevation  in  the  descent  is  lower,  and  is  less  distinct,  the  turtner 
th;  artery  is  situated  from  the  heart,  so  that  the  longer  the  distance  which  the 
wavp  has  to  travel  the  less  distinct  it  becomes.  •     i    *.  „^ 

3  It  is  best  marked  in  a  pulse  where  the  primary  pulse-wave  is  short  and 
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Fig.  83. 

I,  II,  III,  sphygmogranis  of  carotid  artery  ;  IV,  axillary  ;  V  to  IX,  radial  ;  X,  dicrotic  radial 
pulse  ;  XI,  XII,  cniral  ;  XIII,  posterior  tibial  ;  XIV,  XV,  pedal.  In  all  the  curves  P 
indicates  apex  ;  R,  dicrotic  wave  ;  e,  e,  elevations  due  to  elasticity  ;  K,  elevation  caused 
by  the  closure  of  the  semi-lunar  valves  of  the  aorta. 

energetic.  It  is  greatest  relatively  when  the  systole  of  the  heart  is  short  and 
energetic. 

4.  It  is  better  marked  the  loiver  the  tension  of  the  blood  within  the  arteries,  [and 
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is  best  developed  in  a  soft  pulse].  In  fig.  83,  IX  and  X  were  obtained  when  the 
tension  of  the  arterial  was  low;  V  and  VI,  medium;  and  VII  with  /rigk  tension. 

Conditions  influencing  Arterial  Tension. — It  is  diminished  at  the  beginning  of  inspiration 
<§  74),  by  hiemorrhage,  stoppage  of  the  heart,  heat,  an  elevated  position  of  parts  of  tlic  body, 
amyl  nitrite,  nitro-glycerine,  and  the  nitrites  generally.  [Both  drugs  accelerate  the  pulse-beats 
and  produce  marked  dicrotism ;  with  ainyl  nitrite  tlie  full  ell'ect  is  obtained  in  from  15  to  20 
sec.  after  the  inhalation  of  the  dose  (tig.  84,  A,  A'),  but  with  nitro-glycerine  not  until  6  or  7 
rain.  (tig.  84,  B,  B')  and  in  the  latter  case  the  etlects  last  longer.]    It  is  increased  at  tho 
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Fig.  84. 

Pulse-tracings.    A,  normal  ;  A',  one  minute  after  inhalation  of  amyl  nitrite  ;  B,  normal  ;  IV, 
after  a  dose  of  nitro-glycerine  {Stirling  after  Murrcll). 

beginning  of  expiration,  by  accelerated  action  of  the  heart,  stimulation  of  vaso-motor  nerves, 
diminished  outflow  of  blood  at  the  peripherj',  and  by  inflammatory  congestion  by  certain 
poisons,  as  lead  ;  compression  of  other  large  arterial  trunks,  action  of  cold  and  electricity  on 
the  small  cutaneous  vessels,  auvl  by  impeded  outflow  of 
venous  blood.     When  a  large  arterial  trunk  is  exposed,  the 
stimulation  of  the  air  causes  it  to  contract,  resulting  in  an 
increased  tension  within  the  vessel.    In  many  diseased  con- 
ditions tlie  arterial  tension  is  greatly  increased — [e.g.,  in 
Bright's  disease,  where  the  kidney  is  contracted  ("granu- 
lar "),  and  where  the  left  ventricle  is  hypertrophied]. 

In  all  these  conditions  increased  arterial  tension  is  indi- 
cated by  the  dicrotic  wave  being  less  high  and  less  distinct, 
while  with  diminished  arterial  tension  it  is  a  larger  and 
apparently  more  independent  elevation.  Moens  has  shown 
that  the  time  between  the  primary  elevation  and  the  dicrotic 
wave  increases  with  increase  in  the  diameter  of  the  tube,  -tig-  ^i>- 

with  diminution  of  its  thickness,  and  when  its  coetticient  of  Aortic  regurgitation, 

elasticity  diminishes. 

[The  dicrotic  wave  is  absent  or  but  slightly  marked  in  cases  of  atheroma  and  in  aortic 
regurgitation  (fig.  85).    In  this  tig.  observe  also  the  vertical  character  of  the  up-stroke.] 

Elastic  Elevations. — Besides  the  dicrotic  wave,  a  number  of  small  less-marked 
elevations  occur  in  the  course  of  the  descent  in  a  sphygmograni  (fig.  83,  c,  >'). 
These  elevations  are  caused  by  the  elastic  tube  being  thrown  into  vibrations  by  the 
ra[)id  energetic  pulse- wave,  just  as  an  elastic  membrane  vibrates  when  it  is  suddenly 
stretched.  The  artery  also  executes  vibratory  movements  wlieu  it  passes  suddenly 
from  the  distended  to  the  relaxed  condition.  These  .small  elevations  in  the  pulse- 
curve,  caused  by  the  elastic  vibrations  of  the  arterial  wall,  are  called  "elastic 
elevations  "  by  Landois. 

(1)  The  elastic  vibrations  increase  in  number  in  one  and  the  .same  artery  with 
the  degree  of  tension  of  the  elastic  arterial  wall.  A  very  high  tension  occurs  in 
the  cold  stage  of  intermittent  fever,  in  which  case  these  elevations  are  well  marked. 

(2)  If  the  tension  of  the  arterial  wall  be  greatly  diminished,  these  elevations  may 
disappear,  so  that,  wliile  diminished  tension  favours  the  production  of  the  dicrotic 
wave,  it  acts  in  the  opposite  way  with  reference  to  the  "elastic  elevations."  (3) 
In  diseases  of  the  arterial  walls  affecting  their  elasticity,  these  elevations  are  either 
greatly  diminished  or  entirely  abolished.  (4)  The  farther  the  arteries  are  distant 
from  the  heart,  the  higher  are  the  elastic  elevations.  (0)  When  the  mean  pressure 
within  the  arteries  is  increased  by  preventing  the  outflow  of  blood  from  them,  the 
■elastic  vibrations  are  higher  and  nearer  the  apex  of  the  curve.    (6)  They  vary 
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in  number  and  length  in  the  pulse-curves  obtained  from  differetit  arteries  of  the 
body. 

When  the  arm  is  la-Id  in  an  miright  position,  after  five  minutes  the  blood-vessels  empty 
themselves,  and  collapse,  while  the  elasticity  of  the  arteries  is  diminished. 

69.  Dicrotic  Pulse.— Sometimes  during  fever,  especially  -when  the  temperature  is  high,':i 
dicrotic  pulse  may  be  felt,  each  pulse-beat,  as  it  were,  being  composed  of  two  beats  (fig.  83,  X), 
one  beat  being  laige  and  the  other  small,  and  more  like  an  after-beat.  Both  beats  correspond 
to  071C  beat  of  the  heart.  The  two  beats  are  quite  distinguishable  by  the  touch.  The 
phenomenon  is  only  an  exaggerated  condition  of  what  occurs  in  a  normal  pulse.     2Vtc  sensible 
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Fig.  m. 

Development  of  the  Pulsus  dicrotus — P.  caprizans  ;  P.  monocrotus. 

second  bent  is  nol.king  more  than  the  greatly  increased  dicrotic  elevation,  which,  under  ordinary 
conditions,  is  not  felt  by  the  finger. 

Conditions. — The  occurrence  of  a  dicrotic  pulse  is  favoured  (l)bya  short  primary  pulse- 
wave,  as  in  fevers,  where  the  heart  beats  rapidly. 

(2)  By  diminished,  arterial  tension.  A  short  systole  and  diminished  arterial  blood-pressure  an- 
the  most  favourable  conditions  for  causing  a  dicrotic  pulse,  [So  that  dicrotism  is  best  marked 
in  a  soft  pulse.]  The  double  beat  may  be  felt  only  at  certain  parts  of  the  arterial  system, 
whilst  at  other  parts  only  a  single  beat  is  felt.  A  favourite  site  is  the  radial  artery  of  one  or 
other  side,  where  conditions  favourable  to  its  occurrence  appear  to  exist.  This  seems  to  be  due 
to  a  local  diminution  of  the  blood-pressure  in  this  area,  owing  to  the  paralysis  of  its  vaso- 
motor nerves  {Landois).  If  the  tension  be  increased  by  compresisng  other  large  arterial  trunks 
or  the  veins  of  the  part,  the  double  beat  becomes  a  simple  pulse-beat.  The  dicrotic  pulse  in 
fever  seems  to  be  due  to  the  increased  temperature  (39°  to  40°  C. ),  whereby  the  artery  is  more 
distended,  and"  the'  heart-beat  is  shorter  and  more  prompt. 

(3)  It-is  absolutely  necessary  that  the  elasticity  of  the  arterial  wall  be  normal.  The  dicrotic 
pulse  does  not  occur  in  old  persons  with  atheromatous  arteries. 

Monocrotic  Pulse. — In  fig.  86,  A,  B,  C,  we  observe  a  gradual  passage  of  the  normal  radial 
curve,  A,  into  the  dicrotic  beat,  B,  and  C,  where  the  dicrotic  wave,  r,  appears  as  an  indepen- 
dent elevation.    If  the  frequency  of  the  pulse  increases  more  and  more  in  fever,  the  next 

ascending  part  of  the  dicrotic  wave,  D,  E,  F,  and  it  may 
caprizans).  If  the  next  following  beat  occurs  in  the 
depression,  i,  between  the  primaiy 
ek'vation,  and  the  dicrotic  eleva- 
tion, r,  the  latter  entirely  disappears, 
and  the  curve,  H,  assumes  what  Lan- 
dois calls  the  "  monocrotic  "  type. 

[Degrees  of  Dicrotism. — Wlien  the 
aortic  notch  reaches  the  respiratory  or 
base  line,  the  tidal  wave  having  dis- 
appeared, the  pulse  is  said  to  be  fully 
base  line,  i.e.,  below  where  the  up-stroke 
This  form  occurs  during  high  fever  (104° 


following  pulse-beat  may  occur  in  tht 
even  occur  close  to  the  apex,  G  (P. 


Fig.  87. 
Hyperdicrotic  pulse. 

dicrotic.  "When  the  aortic  notch  falls  below 
begins,  the  pulse  is  said  to  be  hyperdicrotic  (fig 


the 
87 


F.),  and  is  usually  a  grave  sign,  indicating  exhaustion  and  the  need  for  stimulants.] 

70.  CHARACTERS  OF  THE  PULSE.~[The  three  factors  concerned  in  the  production  of 
the  pulse  are,  (1)  tbe  action  of  the  heart,  (2)  the  elasticity  of  the  large  vessels,  (3)  the  resistance 
in  the  small  arteries  and  capillaries.  Any  or  all  or  several  of  these  factors  may  be  modified.] 
(1)  Frequency. —According  as  a  greater  or  less  number  of  beats  occurs  in  a  given  time,  c.q., 
per  minute,  the  pulse  is  said  to  be  frequent  or  infrequent.  The  normal  rate,  in  man  =  71 
per  minute,  and  somewhat  more  in  the  female  ;  in  fever  it  may  exceed  120  (250  have  been 
counted  by  Bowles),  while  in  other  diseases  it  may  fall  to  40,  and  even  10  to  15  ;  but  such 
cases  are  rare,  and  are  probably  due  to  an  aH'ection  of  the  cardiac  nerves  (§  41).    The  frequency 
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of  the  pulse  is  usually  increased  when  the  resi>iratioiis  are  dvepcv,  but  not  more  numerous,  i.e., 
rapid  shallow  respirations  do  not  atleet  the  frequency  of  the  pulse,  but  ilcep  resiiirations  do. 
[The  lre(iuency  may  be  regular  or  irregular  with  regard  to  time.] 

(2)  Celerity  or  Rapidity.— If  the  pulse-wave  is  developed,  so  that  the  distension  of  the  arterv' 
slowly  reaches  its  height,  and  the  relaxation  also  takes  place  gradually,  we  have  the  p.  tardus 


or  slow  ov  long  T^x\\s%  \  the  opposite  condition  gives  rise  to  the^p.  celiiv  ov  quick  ov  short  i)uls 
Ihe  rapidity  of  the  pulse  is  increased  by  quick  action  of  the  heart,  power  of  expansion  of  tl 


se. 


arterial  walls,  easy  efflux  of  blood  owing  to  the  dilatation  of  the  small  arteries,  and  by  nearness 
to  the  heart.  [The  quickness  has  reference  to  a  single  pulse-beat,  the  frequencij  to  ri' number  of 
beats.]  In  a  quick  pulse,  the  curve  is  high  and  the  angle  at  the  ape.x  is  acute,  while  in  a  slow 
pulse  the  ascent  is  low  and  the  angle  at  the  apex  is  large. 

(3)  Conditions  afifecting  the  Pnlse-Rate.— Frequency  in  Health.  -In  man  tlu' normal  pulse- 
rate  =  71  to  72  beats  per  minute,  in  the  female  about  80.    lu  some  individuals  the  pulse-riite 
may  be  higher  (90  to  100),  in  others  lower  (50),  and  such  a  fact  must  be  borne  in  minil. 
(«)  Age 


Newly  born, 

1  year, 

2  years, 

3  „ 

4  ,. 


Heats  pel- 
Minute. 
130  to  140 
120  to  130 
105 
100 

97 


5  years, 
10  „ 
10  to  15 
15  to  20 
20  to  25 


year." 


Bents  per 
Minute. 
94  to  90 
about  90 
7" 
.  70 
.  70 


25  to  50  years, 
60  years,  . 
80     „  . 
80  to  90  years, 


Beats  per 
Minute, 

70 

74 

79 

over  80 


(i)  The  length  of  the  body  has  a  certain  relation  to  the  fre(iuency  of  the  jjulse.    The  following 
results  have  been  obtained  by  Czarnecki  from  the  formuhe  of  Volkmann  and  Ranieaux  :— 
Length  of  Body 
in  10  cm. 
80  to  90, 


Pulse. 
Calculateil.  Observed. 


90 

86 

81 

78 

75 
•1 


103 
91 
87 
84 
78 
76 


Length  of  Body 
in  10  cm. 
140  to  150, 
150  to  160, 
160  to  170, 
170  to  180. 
Above  180, 


Pulse. 
Calculated.  Observed. 


69 
67 
65 
63 
60 


74 
68 
65 


64 
60 


fre(|uent  when  a  person  is  standing  than 
increases  the  blood-prcssure  in  dogs  and 


90  to  100, 
100  to  110, 
110  to  120, 
120  to  130, 

130  to  140,         .        .        .  /: 

(c)  The  pulse-rate  is  increased  b>/  muscular  activiti/,  by  every  increase  of  the  arterial  blood- 
pressure,  by  taking  of  food,  increased  tcinperature,  iminful  sensations,  by  ■psychical  disturbances, 
and  [in  extreme  debility].  Increased  heat,  fever,  or  pyrexia  increases  the  fre<|uency,  and  as  a 
rule  the  increase  varies  with  the  height  of  the  temperature.  [Dr  Aitken  states  that  an  increase 
of  the  temperature  of  1°  F.  above  98"  F.  corresponds  with  an  increa.se  of  ten  pulse-beats  per 
minute  ;  thus — 

Temp.  F.  Pulse-Rate.   Temp.  F.  Pulse-Kate.   Temp.  F.  Pulse-Hate, 

98"     ...       60  lOr    ...       90  104"    ...  120 

99°     .       .       .       70  102'    .       .       .100  105"    ...  130 

100°     ...       80  103"    ...      110  106"    ...  140 

This  is  merely  an  approximate  estimate.]    It  is  more 

when  he  lies  down.    Music  accelerates  the  pulse  and 

men.     Increased  barometric  pressure  diminishes  the  frequency. 

The  Variation  of  the  Pnlse-Eate  during  the  Day. — 3  to  6  .\.  Af.  =  61  beats  ;  8  to  11 A  A.  m.  =  74. 

It  then  falls  towards  2  p.m.  ;  towards  3  (at  dinner-time)  another  increase  takes  place  and  goes 

on  until  6  to  8  p.m.  =70;  and  it  falls  until  midnight  =  54.    It  then  rises  again  towards 

2  A.M.,  when  it  soon  falls  again,  and  afterwai-ds  rises  as  before  towards  3  to  6  a.m. 
[Pulse-Rate  in  Animals. — {Colin).] 

Elephant, 
Camel,  . 
Giratie, 
Horse,  . 

Ox,      .       .  . 

Tapir,  . 
Ass, 
Pig,  . 
Lion,  . 

(4)  Variations  in  the  Pulse-Rhythm  (Allorhythmia). — Onai)plying  the  fingers  to  the  normal 
pulse,  we  feel  beat  after  beat  occurring  at  apparently  equal  intervals.  Sometimes  in  a  normal 
series  a  beat  is  omitted  =  pulsus  intermittens,  or  intermittent  pulse.  [In  feeling  an  inter- 
mittent pulse,  we  imagine  or  have  the  impression  that  a  beat  is  omitted.  This  may  be  due  to  a 
reflex  arrest  of  the  ventricular  contraction,  caused  by  digestive  derangement,  in  which  case  it 
has  no  great  significance  ;  but  if  it  be  due  to  failure  of  the  ventricular  action,  intermittent  luilsc 


Per  Min. 

Per  Min. 

Per  Min. 

25-28 

Lioness, 

68 

Rabbit. 

.  120-151) 

28-32 

Tiger,  . 

74 

Mouse,  . 

120 

66 

Sheep, 

70-80 

Goose,  . 

110 

36-40 

Goat, 

70-80 

Pigeon, 

136 

45-50 

Leopard,  . 

60 

Hen.  . 

14(1 

44 

Wolf  (female), 

96 

Snake,  . 

24 

46-50 

Hya?ua,  . 

55 

Carp,  . 

20 

70-80 

Dog, 

90-100 

Frug,  . 

80 

40 

Cat,  . 

.  120-140 

Salamandfi',  . 

77 
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is  a  serious  symptom,  being  frequently  present  when  the  muscular  walls  are  degenerated.]  At 
other  times  the  beats  become  smaller  and  smaller,  and  after  a  certain  time  begin  as  large  as 
before  =  p.  myurus.    When  an  extra  beat  is  intercalated  in  a  normal  series  =  p.  intercurrens. 

The  regular  alternation  of  a  high  and 
a  low  beat  =  p.  alternans  (fig.  88).  In 
the  p.  bigeminus  of  Traube  the  beats 
occur  in  pairs,  so  that  there  is  a  longer 
^^^^^^^^^^^^^^^^^^^  pause  after  every  two  beats.  Traube 
^^"l^^^^^^^^^^^^^"  found  that  he  could  produce  this  form 
„  ,  ■  of  pulse  in  curarised  dogs  by  stopping 

Pulsus  alternans.  ^j^^  artificial  respiration  for  a  long 

time.  The  p.  trigeminus  and  quadrigeminus  occur  in  the  same  way,  but  the  irregularities 
occur  after  every  third  and  fourth  beat.  Knoll  found  that  in  animals  such  irregularities  of  the 
pulse  were  apt  "to  occur,  as  well  as  great  irregularity  in  the  rhythm  generally,  when  there  is 
much  resistance  to  the  circidation,  and  consequently  the  heart  has  great  demands  upon  its 
energy.  The  same  occurs  in  man  when  an  improper  relation  exists  between  the  force  of  the 
cardiac  muscle  and  the  work  it  has  to  do  (Eicgel).  Complete  irregularity  of  Ihe  heart's  action 
is  called  arhythmia  cordis. 

71.  VARIATIONS  IN  THE  CHARACTERS  OF  THE  PULSE.— Compressibility.— The  rela- 
tive strength  or  compressibility  of  the  pulse  (p.  fortis  and  debilis),  i.e.,  whether  the  pulse  is 
strong  or  urak,  is  estimated  by  the  weight  which  the  pulse  is  able  to  raise.  A  sphygmograph, 
provided  with  an  index  indicating  the  amount  of  pressure  exerted  upon  the  spring  pressing  upon 
the  artery,  may  be  used  (fig.  73).  In  this  case,  as  soon  as  the  pressure  exerted  upon  the  artery 
overcomes  the  pulse-beat,  the  lever  ceases  to  move.  The  loeight  employed  indicates  the  strength 
of  the  pulse.  [The  finger  may  be,  and  generally  is  used.  The  finger  is  pressed  upon  the  artery 
until  the  pulse-beat  in  the  artery  heyond  the  point  of  pressure  is  obliterated.  In  health  it  re- 
quires a  pressure  of  several  ounces  to  do  this.  Handfield  Jones  uses  a  sphygmometer  for  this 
purpose.  .  It  is  constructed  like  a  cylindrical  letter-weight,  and  the  pressure  is  exerted  by  means 
of  a  spiral  spring  wliich  has  been  carefully  graduated.  ]  The  pulse  is  hard  or  soft  when  the 
artery,  acconling  to  the  mean  blood-pressure,  gives  a  feeling  of  greater  or  less  resistance  to  the 
finger,  and  this  quite  independent  of  the  energy  of  the  individual  pulse-beats  (p.  durus  and 
mollis).  In  estimating  the  tension  of  the  artery  and  the  pulse,  i.e.,  whether  it  is  hard,  or  soft, 
it  is  important  to  observe  whether  the  artery  has  this  quality  only  during  the  pulse- wave,  i.e., 
if  it  is  hard  during  diastole,  or  whether  it  is  hard  or  soft  during  the  period  of  rest  of  the  arterial 
wall.  All  arteries  are  harder  and  less  compressible  during  the  ]mlse-beat  tlian  during  the  period 
of  rest,  but  an  artery  which  is  very  hard  during  the  pulse-beat  may  be  hard  also  during  the 
pause  between  the  pulse-beats,  or  it  may  be  very  soft,  as  in  insuflUciency  of  the  aortic  valves. 
In  this  case,  after  the  systole  of  the  left  ventricle,  owing  to  the  incompetency  of  the  aortic  semi- 
hmar  valves,  a  largo  amount  of  blood  flows  back  into  the  ventricle,  so  that  the  arteries  are 
thereby  suddenly  rendered  partiidly  empty.  [The  sudden  collapse  of  the  artery  gives  rise  to 
the  characteristic  "jmlse  of  unfilled  arteries"  (fig.  85).] 

Under  similar  conditions,  the  volnme  of  the  pulse  is  obvious  from  the  size  of  the  sphygmo- 
gram,  so  that  we  speak  of  a  large  and  a  small  pulse  (p.  magnus  and  parvus).  Sometimes  the 
pulse  is  so  thready  and  of  such  diminished  volume  that  it  can  scarcely  be  felt.  A  large  pulse 
occurs  in  disease  when,  owing  to  hypertrophy  of  the  left  ventricle,  a  large  amount  of  blood  is 
forced  into  the  aorta.  A  small  pulse  occurs  under  the  opposite  condition,  when  a  small  amount 
of  blood  is  forced  into  the  aorta,  either  from  a  diminution  of  the  total  amount  of  the  blood,  or 
from  the  aortic  orifice  being  narrowed  [aortic  stenosis],  or  from  disease  of  the  mitral  valve  ; 
again,  where  the  ventricle  contracts  feebly,  the  pulse  becomes  small  and  thready. 

Compare  the  two  radials.  Sometimes  the  pulse  diflfers  on  the  two  sides,  or  it  may  be  absent 
on  one  side.  [The  j^ulse-wave  in  the  two  radials  is  often  ditt'erent  when  an  aneurism  is  present 
on  one  side.] 

Angiometer.— Waldenburg  constructed  a  "pulse-clock"  to  register  the  tension,  the  diameter 
of  the  artery,  and  the  volume  of  the  pulse  upon  a  dial.  It  does  "not  give  a  graphic  tracing,  the 
results  being  marked  by  the  position  of  an  indicator. 

72.  THE  PULSE-CURVES  OF  VARIOUS  ARTERIES.— 1.  Carotid  (fig.   83,  I,  II,  III  ; 

fig.  93,  C  and  Cj).    The  ascending  part  is  very  steep— the  apex  of  the  curve *(%  83,  P)  is' sharp 

and  high.    P)elow  the  apex  there  is  a  small  notch — the  "aortic  notch"  (fig.  S3,  K)  which 

depends  on  a  positive  wave  formed  in  the  root  of  the  aorta,  owing  to  the  closure  of  the  aortic 
valves,  an(l  propagated  with  almost  wholly  undiminished  energy  into  the  carotid  artery.  Quite 
close  to  this  notch,  if  the  curve  be  obtained  with  minimal  friction,  the  first  elastic  vibration 
occurs  (fig.  83,  II,  e).  Above  the  middle  of  the  descending  part  of  the  curve  is  the  dicrotic 
elevation,  R,  produced  by  the  reflection  of  a  positive  wave  from  the  already  closed  semi-lunar 
valves.  The  dicrotic  wave  is  relatively  small  on  account  of  the  high  tension  in  the  carotid 
artery.  After  this  the  curve  falls  rapidly,  but  in  its  lowest  third  two  small  elevations  may  bo 
seen.    Of  these  tlie  former  is  due  to  elastic  vibration.    The  latter  represents  a  second  dicrotic 
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wave  tig.  S3,  III,  K).  Here  tliere  is  a  true  Iricrotism,  which  is  more  easily  obtained  from  the 
carotid  on  account  of  the  shortness  of  the  arterial  channel. 

2.  Axillary  Artery  (tig.  83,  IV').  In  this  curve  the  ascent  is  very  steep,  while  in  the  descent 
near  the  apex  there  is  a  small  (aortic)  elevation,  K,  caused  by  a  positive  wave,  proiluced  by  the 
closure  of  the  aortic  valves.  Below  the  middle  tliere  is  a  tolerably  high  dicrotic  elevation,  R, 
higher  than  in  the  carotid  curve  ;  because  in  the  axillary  artery  the  arterial  tension  is  less,  and 
permits  a  greater  development  of  the  dicrotic  wave.  Further  on,  two  or  three  small  elastic 
vibrations  occur,  e,  c. 

3.  Eadial  Artery  (fig.  78  ;  tig.  83,  V  to  X  ;  fig.  93,  R  and  R,).  The  line  of  ascent  (fig.  83) 
is  tolerably  higli  and  sudden — somewhat  in  the  form  of  a  Ion"  /'.  The  apex,  P,  is  well  marked. 
Below  this,  if  the  tension  be  high,  two  elastic  vibrations  niay  occur  (V,  c,  c),  but  if  it  be  low 
only  one  (VI  to  IX,  t').  About  the  middle  of  the  curve  is  the  well-marked  dicrotic  elevation, 
R.  This  wave  is  least  pronounced  in  a  small  hard  pulse,  and  when  the  artery  is  much  dis- 
tended (fig.  83,  VII,  Rj) ;  it  is  larger  when  the  tension  is  low  (fig. 
83,  IX,  R),  and  is  greatest  of  all  when  the  pulse  is  dicrotic  (X,  R). 
Two  or  tliree  small  elastic  elevations  occur  in  the  lowest  part  of 
the  curve. 

4.  Femoral  Artery  (fig.  83,  XI,  XII).  The  ascent  is  steep  and 
high — the  apex  of  the  curve  is  not  unfrequently  broad,  and  in 


it  the  closure  of  the  aortic  valves  (K)  is  indicated, 
falls  rapidly  towards  its  lowest  third.    The  dicrotic 
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Fig.  £9. 
Curve  of  posterior  tibial. 
Written  by  the  angio- 
graph  upon  a  vibrating 
plate. 


occurs  late  after  the  beginning  of  the  curve,  and  there  are  also  small 
elastic  elevations  (c,  e). 

5.  Pedal  Artery  (tig.  83,  XIV,  XV),  and  Posterior  Tibial  (fig.  89 
and  fig.  83,  XIII).    In  pulse-curves  obtained  fiom  these  arteries, 
there  are  well-marked  indications  that  the  apparatus  (heart)  pro- 
ducing the  waves  is  placed  at  a  considerable  distance.    The  ascent 
is  obli(iue  and  low — -the  dicrotic  elevation  occurs  late.    Two  elastic 
vibrations  (fig.  83,  XIV,  e,  c)  occur  in  the  descent,  but  they  are  very  close  to  the  apex,  while 
the  elastic  vibrations  at  the  lower  part  of  the  curve  are  feebly  marked.    Fig.  89  is  from  the 
[)Osterior  tibial.    "When  measured,  it  gives  the  following  result  : — 
■lto2       .       .        9-5  j 

'       '  I  1  vibration  is  =  0-01613  sec. 
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73.  ANACROTISM, — As  a  general  rule,  the  line  of  ascent  of  a  pulse-curve  has  the  form  of  an 

/,  and  is  nearly  vertical.  The  arterial  walls  are  thrown  into  elastic  vibration  by  the  jmlse-beat, 
and  the  number  of  vibrations  depends  greatly  upon  the  tension  of  the  arterial  walls.  The 
disten.sion  of  the  artery,  or  what  is  the  same  thing,  the  ascent  of  the  sphygmogram,  usually 
occurs  so  rapidl}'^  that  it  is  equal  to  one  elastic  vibration.  The  elongated  /'-shape  of  the  ascent 
is  fundamentally  just  a  p)rolongeel  elastic  vibration.  When  the  number  of  vibrations  causing 
the  elastic  variation  is  small,  and  when  the  line  of  ascent  is  prolonged,  two  elevations  occasion- 
ally occur  in  the  line  of  ascent.  Such  a  condition  may  occur  normally  (fig.  83,  VIII,  at 
1  and  2  ;  X,  at  1  and  2).    When  a  series  of  closely- placed  elastic  vibrations  occur  in  the  upper 
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Anacrotic  radial  curves,    a,  a,  the  anacrotic  parts. 

part  of  the  line  of  ascent,  so  that  the  apex  a])pears  dentate  and  forms  an  angle  with  the  line 
of  ascent,  then  the  condition  becomes  one  of  anacrotiBm  (fig.  90,  a,  a),  which,  when  it  is  so 
marked,  may  be  characterised  as  pathological.  Anacrotism  of  the  pulse  occurs  when  the  time 
of  the  influx  of  the  blood  is  longer  than  the  time  occupied  by  an  elastic  vibration.  Hence  it 
takes  jilace  : — 

(1)  In  dilatation  and  hypertrophy  of  the  left  ventricle,  e.g.,  fig.  90,  A,  a  tracing  from  the 
radial  artery  of  a  man  suffering  from  contracted  kidney.  The  large  volume  of  blood  expelled 
with  each  systole  requires  a  long  time  to  dilute  the  tense  arteries. 

(2)  When  the  extensibility  of  the  arterial  wall  is  diminished,  even  the  normal  amount  of 
blood  expelled  from  the  heart  at  every  .systole  requires  a  long  time  to  dilate  the  artery.  This 
occurs  in  old  people  where  the  arteries  tend  to  become  rigid,  e.g.,  in  atheroma.    Cold  also 
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stimulates  tl.e  arte.ie.,  so  tliat  they  become  less  extensile.  AVithin  one  hour  after  a  tepid  bath, 
the  pulse  assumes  the  anacrotic  fonn  (fig.  90,  D)  {G  v.  Licbui).  velocity  of  the 

(3)  AVheu  the  blood  stagnates  in  consequence  of  great  dmmnition  m  the  jelocity  oi  tne 
bliod-  rS,  as  occurs  in  Valysed  limbs,  the  volun.e  of  blood  l^F f'l^i  "f  .^^^^^^ 
every  systole  no  longer  produces  the  normal  distension  of  the  arterial  coats,  and  anacrotic 

"1i!''Jf?nigaturo/^an  arterv,  when  blood  slowly  reaches  the  peripheral  part  of  the  vessel 
throu4  a  lelftively  small  collateral  circulation,  it  also  occurs  If  the  brachial  ^^^''T  X' 
pressed  so  that  the  blood  slowly  reaches  the  radial,  the  radial  pulse  may  become  anaciotic. 
It  often  oc<;urs  in  stenosis  of  the  aorta,  as  the  blood  has  difficulty  in  getting  into  the  aorta  (fig. 

Recurrent  Pulse.— If  the  radial  artery  be  compressed  at  the  wrist,  the  pulse- 
beat  reappears  on  the  distal  side  of  the  point  of  pressure  through  the  arteries  of 
the  palm  of  the  hand  {Janaud,  Xeidert).  The  curve  is  anacrotic,  and  the  dicrotic 
wave  is  diminished,  while  the  elastic  elevations  are  increased. 

(5)  *A  special  form  of  anacrotism  occurs  in  cases  of  well-marked  insuflBciency  of  the  aortic 
valves.  Tractically,  in  these  cases,  the  aorta  remains  permanently  open.  Ihe  contraction  ot 
the  left  auricle  causes  in  the  blood  a  wave-motion,  which  is  at  once  propagated  througli  the 
open  mouth  of  the  aorta  into  the  large  blood-vessels.  This  wave  is  followed  by  the  wave  caused 
by  the  contraction  of  the  hypertrophied  left  ventricle,  but  of  course  the  former  wave  is  not  so 
large  as  the  latter.  In  insufficiency  of  the  aortic  valves,  the  auricular  wave  occurs  before  the 
ventriculaii  wave  in  the  ascending  part  of  the  curve.  The  auricular  is  well  marked  only  in  the 
large  vessels,  for  it  soon  becomes  lost  in  the  peripheral  vessels.    Fig.  91,  I,  was  obtained  from 
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Fig.  91. 

1.,  II.,  III.,  curves  with  anacrotic  elevations  a,  in  insufficiency  oi  the  aortic  valves. 

the  carotid  of  a  man  suffering  from  vcU-markcd  insufficiency  of  the  aortic  valves,  with  con 
siderable  hypertro])hy  of  the  left  ventricle  and  left  auricle.  The  ascent  is  steep,  caused  by  the 
force  of  the  contracting  heart.  In  the  apex  of  the  curve  are  two  projections  ;  A  is  the  anacrotic 
auricular  wave,  and  V  is  the  ventricular  wave.  Fig.  91,  II,  is  a  curve  obtained  from  the  sub- 
rlavinn  artery  of  the  same  individual.  In  the  femoral  artery  the  auricular  projection  is  only 
obtained  when  the  friction  of  the  writing-style  is  reduced  to  the  minimum,  and  when  it  occurs 
it  immediately  precedes  the  beginning  of  the  ascent  (fig.  86,  III,  a).  The  pulse-curve,  in  cases 
of  aortic  insufFK  iency,  is  also  characterised  by — (1)  its  considerable  height ;  (2)  the  rapid  fall 
of  the  lever  from  the  apex  of  tlie  curve,  because  a  large  part  of  the  blood  which  is  forced  into 
the  aorta  regurgitates  into  the  left  ventricle  when  the  ventricle  relaxes  ;  (3)  not  unfrequently  a 
projection  occurs  at  the  apex,  due  to  the  elastic  vibration  of  the  tense  arterial  wall  ;  (4)  the 
dicrotic  wave  (R)  is  small  compared  with  the  size  of  the  curve  itself,  because  the  pulse-wave, 
owing  to  the  lesion  of  the  aortic  valves,  has  not  a  .sufficiently  large  surface  to  be  rellected  from 
(fig.  8.">).  Tlie  great  height  of  the  curve  is  explained  by  the  large  amount  of  blood  projected 
into  the  aortic  system  by  the  greatly  hypertrophied  and  dilated  ventricle. 

74.  INFLUENCE  OF  RESPIRATION  ON  THE  PTJLSE-CURVE.— The 

respiratory  movements  influence  the  pulse  (1)  in  a  purely  physical  way.  Stated 
broadly,  the  blood-pres.sure  rises  during  inspiration  and  falls  during  expiration, 
but  when  we  consider  the  effect  on  the  pulse-curve,  it  is  found  that  it  varies  with 
the  depth,  rapidity,  and  ease  of  respiration  ;  (2)  the  respiratory  movements  are 
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accompanied  by  stimulation  of  the  vasomotor  centre,  which  produces  variations  of 
the  blood-pressure. 

1.  Normal  Respiration. — Fig.  92  shows  what  sometimes,  but  by  no  means 
always,  happens.  During  inspiration,  owing  to  the  dilatation  of  the  thorax,  more 
arterial  blond  is  retained  within  the  chest,  while  at  the  same  time  venous  blood  is 


-Fig.  92. 

Influence  of  the  respiration  upon  the  pulse.  J,  inspiration  ;  E,  expiration, 
sucked  into  the  right  auricle  by  the  aspiration  of  the  thorax ;  as  a  consequence  of 
this,  the  tension  in  the  arteries  during  inspiration  must  be  less.  The  diminution 
of  the  chest  during  expiration  favours  the  How  in  the  arteries,  while  it  retards  the 
flow  of  the  venous  blood  in  the  vente  cava;,  two  factors  which  raise  the  tension  in 
the  arterial  system.  The  difference  of  pressure  explains  the  difference  in  the  form 
of  the  pulse-curve  obtained  during  inspiration  and  expiration,  as  in  lag.  92  and  fig. 
83,  I,  III,  IV,  in  which  J  indicates  the  part  of  the  curve  which  occurred  during 
inspiration,  and  E  the  expiratory  portion.  The  following  are  the  'points  of 
difference: — (1)  The  greater  distension  of  the  arteries  during  expiration  causes  all 
the  parts  of  the  curve  occurring  during  this  phase  to  be  higher  ;  (2)  the  line  of 
ascent  is  lengthened  during  expiration,  because  the  expiratory  thoracic  movement 
helps  to  increase  the  force  of  the  expiratory  wave ;  (3)  owing  to  the  increase  of 
the  pressure,  the  dicrotic  wave  must  be  less  during  expiration;  (4)  for  the  same 
reason  the  elastic  elevations  are  more  distinct  and  occur  higher  in  the  curve  near 
its  apex.  The  frequency  of  the  pulse  is  slightly  greater  during  expiration  than 
during  inspiration. 

2.  This  purely  mechanical  effect  of  the  respiratory  movements  is  modified  by  the 
simultaneous  stimulation  of  the  vasomotor  centre  which  accompanies  these  move- 
ments. At  the  beginning  of  inspiration  the  blood-pressure  in  the  arteries  is  lowest, 
but  it  begins  to  rise  during  inspiration,  and  increases  until  the  end  of  the  inspiratory 
act,  reaching  its  maximum  at  the  beginning  of  expiration  ;  during  the  remainder 
of  the  expiration  the  blood-pressure  falls  until  it  reaches  its  lowest  level  again  at 
the  beginning  of  inspiration  (compare  i:^  85,  /) ;  the  pulse-curves  are  similarly 
modified,  and  exhibit  the  signs  of  greater  or  less  tension  of  the  arteries  correspond- 
ing to  the  phases  of  the  respiratory  movements.  [There  is,  as  it  were,  a  displace- 
ment of  the  blood-pressure  curve  relative  to  the  respiratory  curve.] 

Forced  Respiration. — With  regard  to  the  effect  produced  on  the  pulse-curve 
by  a  powerful  expiration  and  a  forced  inspiration,  observers  are  by  no  means 
agreed. 

Valsalva's  Experiment. — Strong  expiratory  pressure  is  best  produced  by  closing 
the  mouth  and  nose,  and  then  making  a  great  expiratory  effort  (§  60) ;  at  first 
there  is  increase  of  the  blood-pressure,  while  the  form  of  the  pulse-waves  resembles 
that  which  occurs  in  ordinary  expiration,  the  dicrotic  wave  being  less  developed  ; 
but,  when  the  forced  pressure  is  long  continued,  the  pulse-curves  have  all  the  signs 
of  diminished  tension.  This  effect  is  due  to  the  action  of  the  vasomotor  centre, 
which  is  affected  reflexly  from  the  pulmonary  nerves.  We  must  assume  that  forced 
expiration,  such  as  occurs  in  Valsalva's  experiment,  acts  by  depressing  the  activity 
of  the  vasomotor  centre  (S^  371,  II.).  Coughing,  singing,  and  declaiming  act  like 
Valsalva's  experiment,  while  the  frequency  of  the  pulse  is  increased  at  the  same 
time.  After  the  cessation  of  Valsalva's  experiment,  the  blood-pressure  rises  above 
the  normal  state  {Sommerhrodt),  almost  as  much  as  it  fell  below  it ;  the  normal 
condition  being  restored  within  a  few  minutes  {Lenzmann). 
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Mliller's  Experiment— When  the  thorax  is  in  the  expiratory  phase,  close  the 
mouth  and  nose,  and  take  a  deep  inspiration  so  as  forcibly  to  expand  the  chest 
(i^  GO).  At  first  the  pulse-curves  have  the  characteristic  signs  of  diminished  tension, 
viz.,  a  higher  and  more  distinct  dicrotic  wave;  then  the  tension  can,  by  nervous 
influences,  be  increased,  just  as  in  fig.  93,  where  C  and  E  are  tracings  taken  from 
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Fig.  93. 

C,  curve  from  the  carotid,  and  R,  radial,  during  Miiller's  experiment ;  Cj  and  Ri,  during 
Valsalva's  experiment.    Curves  written  on  a  vibrating  surface. 


the  carotid  and  radial  arteries  respectively,  during  Miiller's  experiment,  in  which 
the  dicrotic  waves,  r,  r,  indicate  the  diminished  tension  in  the  vessels.  In  and 
Kj,  taken  from  the  same  person  during  Valsalva's  experiment,  the  opposite  con- 
dition occurs. 

Compressed  Air. — On  cxpiving^  into  a  vessel  resembling  a  spirometer  (see  Respiration), 
(W'aldeuburg's  respiration  apparatus),  and  filled  with  compressed  air,  the  same  result  is  obtained 
as  in  Valsalva's  experiment — the  blood-pressure  falls  and  the  pulse-beats  increase  ;  conversely,, 
the  ins'piration  from  this  apparatus  of  air  under  less  pressure  acts  like  Miiller's  experiment,  i.e., 
it  increases  the  effect  of  the  inspiration,  and  afterwards  increases  the  blood-pressure,  which  may 
either  remain  increased  on  continuing  the  experiment,  or  may  fall  {Lcnzmann). 

The  iiis'piration  of  compressed  air  diminishes  the  mean  blood-pressuie  {Zuntz),  and  the  after- 
effect continues  for  some  time.  The  pulse  is  more  frequent  both  during  and  after  the  experi- 
ment. E.i-piratioii  in  rarefied  air  increases  the  blood- pressure.  The  effects  which  depend  upon 
the  action  of  the  nervous  system  do  not  occur  to  the  same  extent  in  all  cases.  Exposure  to- 
compressed  air  in  a  pneumatic  cabinet  lowers  the  pulse-curve,  the  elastic  vibrations  become 
indistinct,  and  the  dicrotic  wave  diminishes  and  may  disappear  {v.  Vivenot).  The  heart's  beat 
is  slowed  and  tiie  blood-pressure  raised  {Bert).  Exposure  to  rarefied  air  causes  the  opposite 
result,  which  is  a  sign  of  diminished  arterial  tension. 

Pulsns  Paradoxus.  ^ — Under  pathological  conditions,  especially  when  there  is  union  of  the 
hcai  t  or  its  large  vessels  with  the  surrounding  parts,  the  pulse  during  inspiration  may  be 
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Fig.  94. 

Pulsus  paradoxus  (after  Kussmaul).    E,  expiration  ;  J,  inspiration. 

extremely  small  and  changed,  or  may  even  be  absent  (fig.  94).  This  condition  has  been  called 
pulsus  paradoxus  {Griesiiiger,  Kussmmd).  It  depends  ui)on  a  diminution  of  the  arterial  lumen 
during  the  inspiratory  movement.  Even  in  health,  it  is  possible  by  a  change  of  the  inspiratory 
movement  to  produce  the  p.  paradoxus  (Ricgel,  Sommerhrodt). 

75.  INFLUENCE  OF  PRESSURE  ON  THE  PULSE-CURVE.— It  is  most  important  to  know 
the  actual  pressure  which  is  applied  to  an  artery  while  a  sphygmogram  is  being  taken.  The- 
changes  affect  the/or??i  of  the  curve  as  well  as  the  relation  of  individual  parts  thereof.  In  fio-. 
95,  a,  b,  c,  d,  e  are  radial  curves  ;  a  was  taken  with  minimal  pressure,  b  with  100,  c  200,  d  250, 
and  r.  450  grams  pressure,  while  A,  B,  C,  D  show  the  relations  as  to  the  time  of  occurrence 
of  the  individual  phenomena  where  the  weight  was  successively  increased.  The  study  of  these 
curves  yields  the  following  results  :— (1)  When  the  weight  is  small,  the  dicrotic  wave  is 
relatively  less  ;  the  whole  curve  is  high  ;  (2)  with  a  moderate  weight  (100  to  200  grams)  the 
dicrotic  wave  is  best  marked,  the  whole  curve  is  somewhat  lower  ;  (3)  on  increasing  the  weic^ht 
tlie  size  of  the  dicrotic  wave  again  diminishes  ;  (4)  the  fine  elastic  vibrations  preceding  the 
dicrotic  wave  appear  first  when  a  weight  of  220  to  300  grams  is  used  ;  (5)  the  rapidity  of  the 
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pulse  changes  witli  increasnig  weight,  the  time  occupied  by  the  ascent  becoming  shorter,  the 
descent  becoming  longer  ;  (6)  the  height  of  the  ontire  curve  decreases  as  the  weight  increases, 
m  every  sphygmogram  the  pressure  under  which  it  was  obtained  ought  always  to  be  stated. 
iQ  lig.  y^,  A,  B  are  curves  obtained  from  the  radial  artery  of  a  healthy  student.  The  pressure 
exerted  upon  the  artery  for  A  was  100  ;  B,  220  grms.  (1  vibration  =  0-01613  sec). 

It  pressure  be  cxertai  upon  an  artery  for  a  loiuj  time,  the  strength  of  the  pulse  is  gradually 
increased.    If,  after  subjecting  an  artery  to  considerable  pressure,  a  lighter  weight  be  used,  not 
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Various  forms  of  curves  (radial)  obtained  by  gradually  increasing  the  pressure. 

unfrequently  the  pulse-curve  assumes  the  form  of  a  dicrotic  pulse,  owing  to  the  greater  develop- 
ment of  the  dicrotic  elevation.  When  strong  pressure  is  applied,  the  blood  is  forced  to  find  its 
way  through  collateral  channels.  Wiien  the  chief  artery  ceases  to  be  compressed,  the  total 
area  is,  of  course,  considerably  and  suddenly  enlarged,  which  results  in  the  production  of  a 
dicrotic  elevation.  Fig.  83,  X,  is  such  a  dicrotic  curve  obtained  after  considerable  pressure  had 
been  applied  to  the  arterj'. 

76.  TRANSMISSION  OF  PULSE-WAVES.— The  pulse-wave  proceeds  through- 
out the  arterial  system  from  the  root  of  the  aorta,  so  that  the  pulse  is  felt  sooner 
in  parts  lying  near  the  heart  than  in  the  peripheral  arteries.  E.  H.  Weber  calcul- 
ated the  velocity  of  the  pulse-wave  as  9-240  metres  [28^r  feet]  per  second,  from 
the  difference  in  time  between  the  pulse  in  the  external  maxillary  artery  and  the 
dorsal  artery  of  the  foot.  Czerraak  showed  that  the  elasticity  was  not  equal  in  all 
the  arteries,  so  that  the  velocity  of  the  pulse-wave  cannot  be  the  same  in  all.  The 
pulse-wave  is  propagated  more  slowly  in  the  arteries  with  soft  extensile  walls  than 
in  arteries  with  resistent  and  thick  walls,  so  that  it  is  transmitted  more  rapidly  in 
the  arteries  of  the  lower  extremities  than  in  those  of  the  upper.  It  is  still  slower 
in  children. 

77,  PULSE-WAVE  IN  ELASTIC  TUBES. —AVaves  similar  to  the  pulse  may  be  i)roduced  in 
elastic  tubes.  (1)  According  to  E.  H.  Weber  the  velocity  of  propagation  of  the  waves  is  11-20.') 
metres  per  sec.  ;  according  to  Donders,  11-13  metres  (34-42  feet).  .  (2)  According  to  E.  H. 
Weber  increased  internal  tension  cau.ses  only  an  inconsiderable  decrea.se  ;  Rive  found  a  great 
decrease  ;  Donders  found  no  obvious  difference  ;  while  Marey  found  an  increased  velocity.  (3) 
Donders  found  the  velocity  to  be  the  same  in  tubes  2  mm.  in  diameter  as  in  wider  tubes,  but 
Marey  believes  that  the  velocity  varies  when  the  diameter  of  the  tube  changes.  (|4)  The 
velocity  is  less,  the  smaller  the  elastic  coefficient.  (4)  The  velocity  increases  with  increased 
thickness  of  the  wall,  while  it  diminishes  when  the  specific  gravity  of  the  fluid  increases. 

Moens  has  recently  formulated  the  following  laws  as  to  the  velocity  of  propagation  of  waves  in 
elastic  tubes  : — (1)  It  is  inversely  proportional  to  the  .square  root  of  the  specific  gravity  of  the 
fluid  ;  (2)  it  is  as  the  square  root  of  the  thickness  of  the  wall,  the  lateral  pressure  being  the 
same  ;  (3)  it  is  inversely  as  the  square  root  of  the  diameter  of  the  tube,  the  lateral  pressure  being 
the  same  ;  (4)  it  is  as  the  square  root  of  the  elastic  coefficient  of  the  wall  of  the  tube,  the  lateral 
pressure  being  the  same  (  Valentin). 

(A)  The  velocity  of  the  wave  is  11-809  metres  per  second. 

(B)  The  intra-vascular  pressure  has  a  decided  influence  on  the  velocity :  thus,  in  the  tube, 

H 


114 


VELOCITY  OK  THE  PULSE-WAVE  IN  MAN. 


A.  with  18  cm.  (Hg.)  pressure,  the  vehjcity  per  metre  =  0-093  second,  while  with  21  cm.  pres- 
sure (Hg.)=0-09f.  second  per  metre.  T„  .  ,.,.rj,r„ 

(C)  Th^  specific  (iraviln  of  the  liquid  influences  the  velocity  of  the  pulse-wave.  In  //tc/c«»// 
the  wave  is  i^ropagated  four  times  more  slowly  than  in  water. 

(D)  The  velocity  in  a  tube  which  is  more  rigid  and  not  so  extensile  is  greater  than  in  a  tuut 
which  is  easily  distended. 

78  VELOCITY  OF  THE  PULSE-WAVE  IN  MAN.— Landois  obtained  the  following  results 
in  a  student  -DiHcrencc  between  carotid  and  radial  =  0-074  .second  (the  distance  being  taken 
as  62  centimetres)  ;  carotid  and  femoral  =  U -068  second  :  femoral  (inguinal  region  ancl  po.sterior 
tibial  =  0-097  second  (distance  estimated  at  91  centimetres).  [Waller  obtained  betvveen  t He 
heart  and  carotid  Q-IO  second  ;  heart  and  femoral,  0-18  sec. ;  heart  and  dorsalis  peilis,  0  /^.J 

The  velocity  of  the  pulse-wave  in  the  arteries  of  the  upper  extremities  = 
metre.s  per  second,  and  in  those  of  the  lower  extremity  9-40  metres  per  .second,  [v. c, 
about  30  feet  per  second].    The  velocity  is  greater  in  the  less  extensile  arteries  ol 
the  lower  extremities  than  in  those  of  the  upper  limb.    For  the  satiie  reason  it  is 
less  in  the  peripheral  arteries  and  in  the  yielding  arteries  of  children  (Czennak). 

E.  H.  Weber  estimated  the  velocitv  at  9-24  metres  per  second;  Garrod,  9-10-8  metres  ; 
Orashey,  8-5  metres  ;  Moens,  8-3  metres,  and  with  diminished  pressure  during  Valsalva  s  experi- 
ment 7  -3  metres     60,  §  74).  i  u     4.-  i 

Influencing  Conditions. —In  animals,  luemorrhage,  slowing  of  the  heart  produced  by  stnmila- 
tion  of  the  vagus  (J/ooja),  section  of  the  si)inal  cord,  deep  morphia-narcosis,  and  dilatation  of 
the  blood-vessels  by  heat,  produce  nloiriny  of  the  velocity,  while  stimulation  of  the  spinal  cord 
accelerates  it  {Grimmach). 

The  -wave-length  of  the  pulse-wave  is  ol)tained  by  multiplying  the  duration  of 
the  inflow  of  blood  into  the  aorta  =  0-0«  to  0-09  second  51),  by  the  velocity  of 
the  [.)ulse-\vave. 

Method.— Place  the  knobs  of  two  tambours  (fig.  76)  upon  the  two  arteries  to  be  investigated, 
or  i>l:Ke  one  over  the  apex-beat  and  the  other  u]ion  an  artery.  These  receiving  tambours^are 
connected  with  two  registering  tambours,  as  in  Brondgeest's  pansphygmograpli  (§  67,  fig.  76), 
so  that  their  w  riting-levers  are  directly  over  each  other,  and  so  arranged  as  to  write  simultane- 
ously on  one  vibrating  plate  attached  to  a  tuning-fork.  [Or  they  may  be  made  to  write  upon  a 
revolving  cylinder,  whose  rate  of  movement  is  ascertained  by  causing  a  tuning-fork  of  a  known 

rate  of  vibration  to  write  under  them.]    The  apjparatus  is 
improved  by  using  rigid  tubes  and  filling  them  with  water, 
in  which  all  impulses  are  rapidly  communicated.    In  arteries 
^^^^^^^^mm^^^^    which  are  distant  from  each  other,  or  in  the  case  of  the  heart 
A  H^IMHjil^fiS^^^I    and  an  artery,  the  two  knobs  of  the  receiving  tambours  may 
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Fig.  96. 

A,  curve  of  radial  artery  on  a  vibrating  surface  (1  vib. -=0-01613  sec.)  ;  P,  apex  of  curve  ;  e,  e, 
elastic  vibrations  ;  E,  dicrotic  wave.  13.  curve  of  same  radial  taken  along  with  the  heart- 
beat ;  r,  H,  P,  conti'action  of  the  ventricle. 

be  connected  by  means  of  a  Y- tube  with  oh*' writing-lever.  In  fig.  96,  B  is  a  curve  from  the 
radial  artery  taken  in  this  way.  In  it  r  H  P  indicates  contraction  of  the  ventricle  ;  H,  the 
apex  of  the  ventricular  contraction  ;  P,  the  primary  apex  of  the  radial  curve ;  v,  the  beginning 
of  the  ventricular  contraction  ;  of  the  radial  pulse.  A  is  the  curve  of  the  radial  artery  alone. 
From  these  curves  it  is  evident  that  in  this  instance  nine  vibrations  occur  between  the  begin- 
ning of  the  ventricular  contraction  ami  the  beginning  of  the  pulse  in  the  radial  artery  = 
0-15  .sec. 

In  tig.  97  the  difference  between  the  carotid  and  the  posterior  tibial  pulse  =  0'137  sec. 

Pathological. — In  cases  of  diminished  e.rfe>isibilili/  of  the  arteries,  e.g.,  in  atheroma  (§  77,  D), 
the  pulse-wave  is  propagated  more  rapidly.  Local  dilatations  of  the  arteries,  as  in  aneurisms, 
cause  a  retardation  of  the  wave,  and  a  similar  result  arises  from  local  constrictions.  Relaxation 
of  the  walls  of  the  vessels  in  high  fever  retards  the  movement  {Hamernjk). 

79.  OTHER  PULSATILE  PHENOMENA. —1 .  In  the  mouth  and  nose,  when  they  are  tilled 
with  air,  and  the  glottis  closed,  pulsatile  phenomena  (due  to  the  arteries  in  their  soft  parts). 


OTHER  PULSATILE  PHENOMENA. 


may  be  found  communicating  a  movement  to  the  contained  air.  The  curves  obtained  are 
relatively  small,  and  closely  resemble  the  curve  of  the  carotid.  A  similar  pulse  is  obtained  in 
the  tympanum  with  intact  membrana  tympani,  and  when  the  soft  parts  of  the  tympanum  are 
congested  {Schu-artzt;  TroUsch). 

'2.  Entoptical  Pulse.— After  violent  exercise,  an  ilhimination,  corresponding  to  each  pulse- 
beat,  occurs  on  a  dark  optical  field.    When  the  optical  field  is  bright,  an  analogous  darkening 
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Fig.  97. 


(Jurves  of  the  carotid  and  posterior  tibial  taken  simultaneously  with  Brondgeest's  pansphj-gmo- 
graph  writing  upon  a  vibrating-plate  attached  to  a  tuning-fork.  The  arrows  indicate  the 
identical  moment  of  time  in  each  curve. 

occurs.  The  ophthalmoscope  occasionally  reveals  pulsation  of  the  retinal  arteries  (Jac/er), 
which  becomes  marked  in  insutticiency  of  the  aortic  valves. 

3.  Pulsatile  Muscular  Contraction. — The  orbicularis  palpchrarum  muscle,  contracts  under 
.similar  conditions  synchronously  with  the  pulse  ;  and  it  is  perhaps  due  to  the  piilse-heat 
exciting  the  sensory  nerves  reflexly.  The  Brothers  Weber  found  that  not  unfrequently,  while 
walking,  the  step  and  pulse  gradually  and  involuntarily  coincide. 

4.  When  the  legs  are  crossed  as  one  sits  in  a  chair,  the  leg  which  is  supported  is  raised  with 
each  pulse-beat,  and  it  gives  also  a  second  or  dicrotic  elevation. 

5.  If,  while  a  person  is  quite  quiet,  the  incisor  teeth  of  the  lower  jaw  be  made  just  to  touch 
the  upper  incisors  very  lightly,  we  detect  a  double  l)eat  of  the  lower  against  the  upjier  teeth, 
owing  to  the  pulse-beat  in  the  external  maxillary  artery  raising  the  lower  jaw.  The  second 
elevation  is  due  to  the  closure  of  the  semi  lunar  valves,  and  not  to  a  dicrotic  wave. 

t).  Brain  and  Fontanelles. — The  large  arteries  at  the  base  of  the  brain  communicate  a 
movement  to  it,  while  similar  movements  o.ccur  with  respiration — rising  during  expiration  and 
falling  during  inspiration.  These  movements  are  visible  in  the  fontanelles  of  infants.  The 
respiratorv  movements  depend  upon  variations  in  the  amount  of  blood  in  the  veins  of  the 
cranial  cavity,  and  also  upon  the  respiratory  variations  of  the  blood-pressui  e. 

7.  Amongst  pathological  phenomena  are  (a)  the  beating  in  the  epigastrium,  e.g.,  in  hyper- 
trophy of  the  right  or  left  ventricle,  caused,  it  may  be,  by  deep  insertion  of  the  diaphragm,  and 
it  may  be.  partly,  by  the  beating  of  a  dilated  abdominal  aorta  or  cadiac  axis. 

{b)  'Aneurisms  or  abnormal  dilatations  of  the  arteries  cause  an  abnormal  pulsation,  while  they 
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-K,  wooden  box  ;  B,  feet  of 


Elastic  support  for  registering  the  molar  motions  of  the  body 
patient ;  2h  cardiograph  ;  a,  b,  elastic  tubing.  II.  Vibration  curves  of  a  healthy  person. 
III.  Curve  obtained  from  a  patient  with  insufticiency  of  the  aortic  valves  and  great 
hypertrophy  of  the  heart. 

produce  a  slowing  in  the  velocity  of  the  pulse-%i:ave  in  the  corresponding  artery.  Hence  the 
pulse  appears  later  in  such  an  artery  than  in  the  artery  on  the  healthy  side.    Hiipcrtroph)/  and 
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dikUalim  of  the  left  cmtrich  cause  the  arteries  near  tlie  lieart  to  j.ulsate  strongly.  In  the 
analogous  condition  of  the  right  ventricle,  the  beat  of  the  pulmouaiy  artery  may  be  seen  and  lelt 
in  the  second  left  intercostal  space. 

80.  VIBRATIONS  OF  THE  BODY  DUE  TO  THE  HEART.— The  beating  of  the  heart  and 
large  arteries  communicates  vibrations  to  the  body  as  a  whole  ;  the  vibration  being  not  simple 
but  compound.  Gordon  was  the  tirst  to  represent  this  pulsatory  vibration  graphically.  It  a 
person  be  placed  in  an  erect  attitude  in  the  scale-pan  of  a  large  balance,  the  index  oscillates, 
and  its  movements  coincide  with  the  heart's  movements. 

Method.— Take  a  long  four-sided  box,  K,  open  at  the  top,  and  arrange  several  coils,  a,  b,  of 
stout  caoutchouc  tubing  round  one  end  (tig.  98).  A  wooden  board,  B,  is  so  jilaced  that  it  rests 
with  one  end  on  the  caoutchouc  tubing,  and  with  the  other  on  the  narrow  end  of  the  box.  The 
person  to  be  experimented  upon,  A,  stands  vertically  and  firmly  on  this  board.  A  receiving 
tambour,  p,  is  placed  against  the  surface  of  the  board  next  the  elastic  tube,  which  registers  the 
vibrations  of  the  foot-support.  Fig.  III.  is  a  curve  showing  such  vibrations,  each  heart-beat 
being  followed  in  this  case  by  four  oscillations.  To  ascertain  the  relations  and  causes  of  these 
vibrations,  it  is  necessary  to  obtain,  simultaneously,  a  tracing  of  the  heart  and  the  vibratory 
curve.  For  this  purpose  use  the  two  tambours  of  Brondgeest's  pansphygmograph  (§  67,  76), 
placing  one  knob  or  pad  over  the  heart  and  the  other  on  the  foot-support,  and  allow  the  writing- 
tambours  to  inscribe  their  vibrations  on  a  glass  plate  attached  to  a  tuning-fork. 

In  the  lotcer  or  cardiac  iiii-pulsc  curve  (tig.  99),  the  rapidly-rising  part  is  due  to  the  ventricular 


Fig.  99. 

The  upper  curve  is  the  vibration-curve  of  a  healthy  person,  and  the  lower  one  a  tracing  of  the 

apex-beat. 

systole.  It  contains  eight  vibrations  (1  vib.  =0'01613  sec).  The  beginning  of  the  ventricular 
.sy.stole'  is  indicated  in  the  tig.  by  -36,  -3,  -17. 

If  the  corresponding  numbers  in  the  upper  or  vibratory  curve  are  studied,  it  is  obvious  that 
ut  tJic  moraeyit  of  veniricidar  systole  the  body  makes  a  downward  vibration,  i.e.,  it  exercises  greater 
pressure  upon  the  foot-support.  Gordon  interprets  his  curve  as  giving  exactly  the  opposite 
result.  This  downward  motion,  however,  lasted  only  during  five  vibrations  of  the  tuning-fork  : 
during  the  last  three  vibrations,  corresponding  to  the  systole,  there  is  an  ascent  of  the  body 
corresponding  to  a  less  pressure  upon  the  foot-plate.  When  the  ventricle  empties  itself,  it 
undergoes  a  movement  in  a  downward  and  outward  direction — Gutbrodt's  "  reaction  impulse." 

In  the  upper  curve  analogous  numbers  are  employed  to  indicate  the  vibrations  occurring 
simultaneously,  viz.,  -28,  -11,  -10.  The  closure  of  the  semi-lunar  valves  is  well  marked  in  the 
three  heart-beats  at  20,  -20.  This  closure  is  indicated  in  analogous  points  in  both  curves,  after 
which  there  is  a  descent  of  the  foot-support,  and  this  corresponds  to  the  downward  propagation 
of  the  pulse-wave  through  the  aorta  to  the  vessels  of  the  feet. 

Pathological. — In  insufficiency  of  the  aortic  valves,  as  shown  in  fig.  98,  III.,  the  vibration 
communicated  to  the  body  is  very  considerable. 

81.  THE  BLOOD-CURRENT.— Cause.— The  closed  and  much-branched  vas- 
cular system,  whose  walls  are  endowed  with  elasticity  and  contractility,  is  not  only 
completely  filled  with  blood,  but  it  is  over-filled.  The  total  volume  of  the  blood 
is  somewhat  greater  than  the  capacity  of  the  entire  vascular  system.  Hence  it 
follows  that  the  mass  of  blood  must  exert  pressure  on  the  walls  of  the  entire 
system,  thus  causing  a  corresponding  dilatation  of  the  elastic  vascular  walls 
{Brunner).  This  occurs  only  during  life;  after  death  the  muscles  of  the  vessels 
relax,  and  fluid  passes  into  the  tissues,  so  that  the  blood-vessels  come  to  contain 
less  fluid,  and  some  of  them  may  be  empty. 
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If  the  blood  were  uniformly  distributed  throughout  the  vascular  system  and  under 
the  same  pressure,  it  would  remain  in  a  position  of  equilibrium  (as  after  death). 
If,  however,  the  pressure  be  raised  in  one  section  of  the  tube,  the  blood  will  move 
from  the  part  where  the  pressure  is  higher  to  where  it  is  lower ;  so  that  the  blood- 
current  is  a  result  of  the  diflference  of  pressure  within  the  vascular  system.  If 
either  the  aorta  or  the  venm  cavfie  be  suddenly  ligatured  in  a  living  animal,  the 
blood  continues  to  flow,  but  gradually  more  slowly until  the  difference  of  pressure 
is  equalised  throughout  the  entire  vascular  system. 

The  velocity  of  the  current  will  be  greater  the  greater  the  difference  of  i)ressure, 
and  the  less  the  resistance  opposed  to  the  blood-stream. 

The  difference  of  pressure  which  causes  the  current  is  produced  by  the 
heart.  Both  in  the  systemic  and  pulmonary  circulation  the  point  of  greatest 
pressure  is  in  the  root  or  beginning  of  the  arterial  system,  while  the  point  of  lowest 
pressure  is  in  the  terminal  portion  of  the  venous  orifices  at  the  heart.  Hence  the 
blood  flows  continually  from  the  arteries  through  the  capillaries  into  the  venous 
trunks.  The  heart  keeps  up  the  difference  of  pressure  required  to  produce  this 
result ;  with  each  systole  of  the  ventricles  a  certain  quantity  of  blood  is  forced  into 
the  beginning  of  the  arteries,  while  at  the  same  time  an  equal  amount  flows  from 
the  venous  orifices  into  the  auricles  during  their  diastole  (E.  II.  Weber-). 

Donders  showed  that  the  action  of  the  heart  not  only  causes  the  difference  of 
pressure  necessary  to  establish  a  blood-current,  but  also  raises  the  mean  pressure 
within  the  vascular  system.  The  terminations  of  the  veins  at  the  heart  are  wider 
and  more  extensible  than  the  arteries  where  they  arise  from  the  heart  (fig.  13.3), 
As  the  heart  propels  a  volume  of  blood  into  the  arteries  equal  to  that  which  it 
receives  from  the  veins,  it  follows  that  the  arterial  pressure  must  rise  more  rapidly 
than  the  venous  pressure  diminishes,  since  the  arteries  are  not  so  wide  nor  so  ex- 
tensible as  the  veins.    Thus  the  total  pressure  must  also  increase. 

Cause  of  Continuous  Flow. — The  volume  of  blood  expelled  from  the  ventricles 
at  every  systole  would  give  rise  to  a  jerJc?/  or  intermittent  movement  of  the  blood- 
stream— (1)  if  the  tubes  had  rigid  walls,  as  in  such  tubes  any  pressure  exerted  upon 
their  contents  is  propagated  momentarily  throughout  the  length  of  the  tube,  and 
the  motion  of  the  fluid  ceases  when  the  propelling  force  ceases  ;  (2)  the  flow  would 
also  be  intermittent  in  character  in  elastic  tubes  if  the  time  between  two  successive 
systoles  were  longer  than  the  duration  of  the  current  necessary  for  the  compensa- 
tion of  the  difference  of  pressure  caused  by  the  systole.  If  the  time  between  two 
successive  systoles  be  shorter  than  the  time  necessary  to  equiUbrate  the  pressure, 
the  current  will  become  continuous,  provided  the  resistance  at  the  periphery  of  the 
tube  be  sufficiently  great  to  bring  the  elasticity  of  the  tube  into  action.  The  more 
rapidly  systole  follows  systole,  the  greater  the  difference  of  pressure  becomes,  and 
the  more  distended  the  elastic  walls.  Although  the  current  thus  produced  is  con- 
tinuous, a  sudden  rise  of  pressure  is  caused  by  the  forcing  in  of  a  mass  of  blood  at 
every  systole,  so  that  with  every  systole  there  is  a  sudden  jerk  and  acceleration  of 
the  hlooO -stream  corresponding  to  the  pulse  (compare  64). 

This  sudden  jerk-like  acceleration  of  the  blood-current  is  propagated  throughout 
the  arterial  system  with  the  velocity  of  the  pulse-wave  :  both  phenonema  are  due 
to  the  same  fundamental  cause.  Every  pulse-beat  causes  a  temporary  rapid  pro- 
gressive acceleration  of  the  particles  of  the  fluid.  But  just  as  the  form-movement 
of  the  pulse  is  not  a  simple  movement,  neither  is  the  pulsatile  acceleration  a  simple 
acceleration.  It  follows  the  course  of  the  development  of  the  pulse-wave.  The 
pulse-curve  is  the  graphic  representation  of  the  pulsatory  acceleration  of  the  blood- 
stream. Every  rise  in  the  curve  corresponds  to  an  acceleration,  every  depression 
to  a  retardation  of  the  current. 

[Method:  Rigid  and  Elastic  Tubes.— These  facts  arc  easily  tlomonstrated.  Tie  a  Higginson'.s 
syringe  to  a  piece  of  an  ordinary  gas-{)ipe.    On  forcing  water  through  the  tube,  by  compressiug 
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the  elastic  pump,  the  water  will  flow  o\it  at  the  other  end  of  the  tube  in  jets,  while  during  the 
intervals  of  pulsation  no  water  will  flow  out.  As  the  walls  of  the  tube  are  rigid,  just  as  much 
fluid  flows  out  as  is  forced  into  the  tube.  If  a  similar  arrangement  be  made,  and  a  long  elastic 
tube  be  used,  a  continuous  outflow  is  obtained,  provided  the  pulsations  occur  with  sufficient 
rajndity  and  the  length  of  the  tube,  or  the  resistance  at  its  periphery,  be  sutticient  to  bring  the 
elasticity  of  the  tube  into  action.  This  can  be  done  by  putting  a  narrow  cannula  in  the  outflow 
end  of  the  tube,  or  by  placing  a  clamp  on  it  so  as  to  diminish  the  exit  aperture.  This  apparatus 
converts  the  intermittent  flow  into  a  continuous  current.]  The  fire-engine  is  a  good  example 
of  the  conversion  of  an  intermittent  inflow  into  a  uniform  outflow.  The  air  in  the  reservoir  is 
in  a  state  of  elastic  tension,  and  it  represents  the  elasticity  of  the  vascular  walls.  AVhen  the 
pump  is  worked  slowly,  the  outflow  of  the  water  occurs  in  jets,  and  is  interrupted.  If  tlie 
pumping  movement  be  sufficiently  rapid,  the  compressed  air  in  the  reservoir  causes  a  continuous 
outflow,  which  is  distinctly  accelerated  at  every  movement  of  the  pump.  [Tlie  ordinary  spray- 
[iroducer  is  another  good  example.] 

[Thus,  there  are  two  factors— a  central  one,  the  heart,— and  a  peripheral  one, 
the  amount  of  resistance  in  the  arterioles.  Either  or  both  may  be  varied,  and  as 
this  is  done,  so  will  the  pressure  and  velocity  vary.] 

Current  in  the  Capillaries. — In  the  capillaries  the  pulsatile  acceleration  of  the 
current  ceases  with  the  extinction  of  the  pulse-wave.  The  great  resistance  which  is 
offered  to  the  current  towards  the  capillary  area  causes  both  to  disappear.  It  is 
only  when  the  capillaries  are  greatly  dilated,  and  when  the  arterial  blood-pressure 
is  high,  that  the  pulse  is  propagated  through  the  capillaries  into  the  beginning  of 
the  veins.  A  venous  pulse  is  observed  in  the  veins  of  the  sub-maxillary  gland 
after  stimulation  of  the  chorda  tympani  nerve,  which  contains  the  vaso-dilator 
nerves  for  the  blood-vessels  of  this  gland.  If  the  finger  be  constricted  with  an 
elastic  band,  so  as  to  hinder  the  return  of  the  venous  blood,  and  to  increase  the 
arterial  blood-pressure,  while  at  the  same  time  dilating  the  capillaries,  an  inter- 
mittent increased  redness  occurs,  which  corresponds  with  the  well-known  throbbing 
sensation  in  the  swollen  finger.  This  is  due  to  the  capillary  pulse.  [Roy  and 
Graham  Brown  found  that  pulsatile  phenomena  were  produced  in  the  capillaries  by 
increasing  the  extra-vascular  pressure  (§  86).  Quincke  called  attention  to  the 
capillary  pulse,  which  can  often  be  seen  under  the  finger-nails.  Extend  the  fingers 
completely,  when  a  whitish  area  appears  under  the  nails.  A  red  area  near  the  free 
margin  of  the  nail  advances  and  retires  with  each  pulse-beat.  It  is  well  marked  in 
some  diseased  conditions  of  the  heart,  especially  in  incompetence  of  the  aortic 
valves,  and  is  probably  produced  by  increased  extra-vascular  pressure.] 

82.  SCHEMATA  OF  THE  CIRCULATION.— E.  H.  Weber  constructed  a  scheme  of  the  cir- 
culation. It  consisted  of  a  force-pump  with  properly  arranged  valves  to  represent  the  heart, 
portions  of  gut  for  the  arteries  and  veins,  and  a  piece  of  glass  tubing  containing  a  piece  of 
sponge  to  represent  the  capillaries.  Various  schemes  have  been  invented,  including  the  verv 
complicated  one  of  ^Mavey,  [the  extremely  ingenious  one  of  v.  Thanhoff'er,  and  the  thoroughly 
juactical  one  of  Rutherford]. 

83.  CAPACITY  OF  THE  VENTRICLES.— Since  the  right  and  left  ventricles 
contract  simultaneously,  and  just  the  same  volume  of  blood  passes  through  the 
pulmonary  as  through  the  systemic  circulation,  it  follows  that  the  right  ventricle 
must  be  just  as  capacious  as  the  left.  The  capacity  of  the  ventricles  has  been  esti- 
mated in  the  following  ways  : — 

^  Methods.— (1)  Directly,  by  filling  the  dead  relaxed  ventricle  with  blood  or  an  injection  mass. 
This  method  is  unsatisfactory  and  inaccurate. 

(2)  Indirectly.  Yolkmann  (1850)  estimated  it  thus  :— Estimate  the  sectional  area  of  the  aorta, 
and  the  velocity  of  the  blood-stream  in  it  (§  1).  From  this  calculate  the  amount  of  blood  passino- 
through  the  aorta  in  the  unit  of  time.  As  the  total  quantity  of  blood  in  the  body  is  known 
(  =T5  of  the  body-weight),  we  can  easily  calculate  how  long  this  takes  to  flow  through  the  aorta 
We  must  also  know  the  number  of  beats  during  the  time  of  the  circulation.  From  these  data 
and  from  experiments  on  animals,  Volkmann  estimated  the  volume  of  blood  discharged  at  each 
systole  by  the  ventricle  to  be  of  the  body-weight.  For  a  man  weighing  75  kilos  this  is 
187  "5  grams.    This  estimate  still  leaves  much  to  be  desired. 

Place  calculates  it  in  the  following  manner  :— A  man  uses  about  500  litres  of  0  in  24  hours 
To  absorb  this  into  the  venous  blood  (which  contains  about  7  vols  per  cent,  less  0  than  arterial)" 
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about  7000  litres  of  Vilood  must  pass  through  the  hiiigs  in  24  hours.  If  one  calculates  100,000 
heart-beats  in  "24  hours,  then  at  each  systole  only  70  c-uhic  centimetres  are  discliargcd. 


Fig.  100. 

I.  Scheme  of  C.  Ludwig's  kymograph.    II.  Pick's  spring-kymograph. 

84.  ESTIMATION  OF  THE  BLOOD-PEESSURE.— (A)  In  Animals  :  (1)  Methods  of  Hales. 
— The  Rev.  Stephen  Hales  (1727)  was 
the  first  to  introduce  a  long  glass  tube 
into  a  blood-vessel  in  order  to  estimate 
the  blood-pressure  by  measuring  the 
height  of  the  column  of  blood. 

The  tube  was  provided  at  its  lower 
end  with  a  copper  tube  bent  at  a  right 
angle  (Pilot's  tube).  [The  tube  he  used 
was  one-si.\th  of  an  inch  bore  and  about 
9  feet  long,  and  was  inserted  into  the 
femoral  artery  of  a  horse.  Tlie  height 
to  which  the  blood  rose  in  the  tube 
was  noted,  as  well  as  the  oscillations 
that  occurred  with  every  pulsation. 
From  the  height  of  the  column  of  fluid 
he  calculated  the  force  of  the  Iieart.] 

(2)  The  HaBmadynamometer  of  Poi- 
seuille  (1828). — This  observer  used  a 
U-shaped  tube  partially  filled  with 
mercury — a  manometer — which  was 
brought  into  connection  with  a  bl.>od- 
vessel  by  means  of  a  rkjid  tube.  [The 
mercury  oscillated  with  every  pulsa- 
tion, and  the  e.xtent  of  the  oscillations 
was  read  of!"  by  means  of  a  scale  attached 
to  the  bent  tube.  He  called  the  instru- 
ment a  lucinadynamoindcr.^ 

[(3)  Vierordt  used  a  tube  5  or  6  feet 
long,  and  filled  it  with  a  solution  of 
sodium  carbonate,  thus  preventing 
much  blood  from  entering  the  tube, 
while  at  the  same  time  the  soda  solu- 
tion prevented  the  coagulation  of  the 
blood.] 

(4)  C.  Ludwig's  Kymograph. 

— C.  Ludwig  employed  a  U-shaped 
raanometer,  but  he  placed  a  light  float  (fig.  100,  d,  ■'<)  upon  the  surface  of  the  mer- 


Fig.  101. 

Ludwig's  im]iroved  revolving  cylinder,  R,  moved  by  the 
clock-work  in  the  box  A,  and  regulated  by  a  Foucault's 
regulator  placed  on  the  top  of  the  box.  The  disc,  I), 
moved  by  the  clock-work,  presses  upon  the  wheel,  n, 
which  can  be  raised  or  lowered  by  the  screw,  Z,  thus 
altering  the  position  of  n  on  D,  so  as  to  cause  the  cylin- 
der to  rotate  at  different  rates.  The  cylinder  itself  can 
be  raised  by  the  handle,  U.  On  the  left  side  of  the 
figure  is  a  nierciu'ial  manometer.  When  the  cylinder 
is  used,  it  is  covered  with  smoked  smooth  paper. 


I20 


METHOD  OF  ESTIMATING  BLOOD-PRESSURE. 


cury  in  the  open  limb  of  the  tube.  A  writing-style,/",  placed  transversely  on  the  free 
end  of  the  float,  inscribed  the  movements  of  the  float— and,  therefore,  of  the  mercury 
— upon  a  cylinder,  r,  caused  to  revolve  at  a  uniform  rate.  This  apparatus  registered 
the  height  of  the  blood-pressure,  as  well  as  the  pulsatile  and  other  oscillations 
occurring  in  the  mercury.  Volkmann  called  this  instrument  a  kymograph  or 
"wave-writer."  The  difference  of  the  height  of  the  column  of  mercury,  c,  d,  in 
both  limbs  of  the  tube  indicates  the  pressure  within  the  vessel.  If  the  height  of 
the  column  of  mercury  be  multiplied  by  13-5,  this  gives  the  height  of  the  corre- 
sponding column  of  blood.  Setsehenow  placed  a  stop-cock  in  the  lower  bend,  h, 
of  the  tube.  If  this  be  closed  so  as  just  to  permit  a  small  aperture  of  communica- 
tion to  remain,  the  pulsatile  vibrations  no  longer  appear,  and  the  apparatus  indicates 
the  7He(m  pressure.  By  the  term  mean  jvessiar  is  meant  the  limit  of  pressure,  above 
and  below  which  the  oscillations  occurring  in  an  ordinary  blood-pressure-tracing 
range.    [Briefly,  it  is  the  avercu/e  elevation  of  the  mercurial  column.] 

In  a  blood-pressure-tracing,  such  as  fig.  102,  each  of  tlie  smaller  waves  corresponds  to  a 
heart-beat,  the  ascent  corresponds  to  the  systole  and  tin;  descent  to  the  diastole.    The  large 


Blood-pressure  curve  of  the  carotid  of  a  dog  obtained  witli  a  mercurial  nianometei-.    0  -  3'  =  line 
of  no  pressure,  zero  line,  or  abscissa;  ?/-»/'  is  the  blood-pressure-tracino-  with  small  waves 
each  one  caused  by  a  heart-beat,  and  the  large  waves  due  to  the  respiration.    A  millimetre 
scale  shows  the  height  of  the  pressure  in  millimetres  of  mercury. 

undulations  are  due  to  tlie  respiratory  movements.  It  is  clear  that  the  heart-beat  is  expressed 
as  a  simide  rise  and  fall  (fig  102),  so  that  the  curve  of  the  heart-beat  obtained  with  a  mercurial 
kymograph  diners  irom  a  sphygmographic  carve. 

'Faults  of  a  Mercurial  Manometer. -A  perfect  recording  instrument  ought  to  indicate  the 
lieight  of  the  blood-pressure,  and  also  the  size,  form,  and  duration  of  any  wave-motion  com- 
municated to  It.  Ihe  mercurial  manometer  does  not  give  the  true  form  of  the  pulse-wave  as 
the  mercuiy,  when  once  set  in  motion,  executes  vibrations  of  its  own,  owing  to  its  crreat  inertia 
and  thus  the  finer  movements  of  the  pulse-wave  are  lost.  Hence  a  mercurial  kymograph  is  used 
lor  registering  the  blood-pressure,  and  not  for  obtaining  the  emct  form  of  the  pilse-wave 
Instruments  with  less  inertia,  and  with  no  vibrations  peculiar  to  themselves,  are  required  for  thk 
purpose.  1     <-  I  lui  luif, 

[Method. -Expose  the  carotid  of  a  chloralised  rabbit,  and  isolate  a  portion  of  the  vessel 
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between  two  ligatures,  or  two  spring  clamps.  W  itii  a  pair  of  scissors  make  an  oblique  slit  in 
the  artery,  and  into  it  tie  a  straigbt  glass  cannula,  directing  the  pointed  end  of  the  cannula 
towards  the  heart.  Fill  the  cannula  with  a  saturated  solution  of  sodium  carbonate,  taking  care 
that  no  air-bubbles  enter,  and  connect  it  with  the  lead  tube  which  goes  to  the  ascending  limb 
of  the  manometer.  The  tube  which  connects  the  artery  with  the  manometer  must  be  ilexible 
and  yet  inelastic,  and  a  lead  tube  is  best.  It  is  usual  to  connect  a  pressure -bottle,  containing 
a  saturated  solution  of  sodium  carbonate,  by  means  of  an  elastic  tube,  with  the  tube  attached  to 
the  manometer.  This  bottle  can  be  raised  or  lowered.  Before  beginning  the  experiment,  raise 
the  pressure-bottle  until  there  is  a  positive  pressure  of  mercury  in  the  manometer  about  equal  to 
the  estimated  blood-pressure,  and  then  clamp  the  tube  of  the  pressure-bottle  where  it  joins  the 
lead  tube.  This  positive  pressure  prevents  the  escape  of  blood  from  the  artery  into  the  solution 
of  sodium  carbonate.  When  all  is  ready,  the  ligature  on  the  atrdiac  side 'of  the  cannula  is 
removed,  and  immediately  the  float  begins  to  oscillate  and  inscribe  its  movements  upon  the 
recording  surface.  The  fluid  within  the  artery  exerts  pressure  latterly  upon  the  sodium 
carbonate  solution,  and  this  in  turn  transmits  it  to  the  mercury.  Peptones,  or  rather  the 
albumoses,  when  injected  into  the  blood  keep  it  from  coagulating  (p.  "32).  Roy  finds  that  oil  may 
take  the  place  of  sodic  carbonate.] 

[Precautions.— In  taking  a  blood-pressure  tracing,  after  seeing  that  the  apparatus  is  perfect, 
care  must  be  taken  that  the  animal  is  perfectly  quiescent,  as  every  movement  causes  a  rise  of 
blood-pressure.  This  may  be  secured  by  giving  curara  and  keeping  up  artificial  respiration, 
or  by  the  carefully  regulated  inhalation  of  ether.  When  a  drug  is  to  be  injected  to  test  its 
action,  if  it  be  introduced  into  the  jugular  vein  it  is  apt  to  aff'ect  the  heart  directly.  This  may 
be  avoided  by  injecting  it  into  a  vein  of  the  leg,  or  under  the  skin.  The  solution  of  the  drug 
must  not  contain  particles  which  will  block  up  the  capillaries.  Care  should  also  be  taken  that 
the  carbonate  of  soda  does  not  flow  back  into  the  artery.] 

[Continuoiis  Tracing. — When  we  have  occasion  to  "take  a  tracing  for  any  length  of  time,  it 
must  be  written  upon  a  strip  of  paper  which  is  moved  at  a  uniform  rate  in  front  of  the  writing- 
style  on  the  float  (fig.  100).  Various  arrangements  are  employed  for  this  purpose,  but  it  is 
usual  to  cause  a  cylinder  to  revolve,  so  as  to  unfold  a  roll  or  riband  of  paper  placed  on  a 
movable  bobbin.  As  the  cylinder  revolves,  it  graduallj'  winds  off  the  strip  of  paper,  which  is 
kept  applied  to  the  revolving  surface  by  ivory  friction-wheels.  In  Hering's  complicated  kymo- 
graph a  long  strip  of  smoked  paper  is  used.  The  writing-style  may  consist  of  a  sable  brush,  or 
a  fine  glass  jien  filled  with  aniline  blue  dissolved  iu  water,  to  which  a  little  alcohol  and 
glycerine  are  added.] 

[In  order  to  measure  the  height  of  the  pressure,  we  must  know  the  position  of  the  abscissa 
or  line  of  no  pressure,  and  it  may  be  recorded  at  the  same  time  as  the  blood-pressure,  or  after- 
wards. In  fig.  102  0-  x  is  the  zero-line  or  the  abscissa,  and  the  height  of  the  vertical  lines  or 
ordinates  may  be  measured  by  the  millimetre  scale  on  the  left  of  the  figure.  The  height  of  the 
blood-pressure  is  obtained  by  drawing  ordinates  from  the  curve  to  the  abscissa,  measuring  their 
length,  and  multiplying  by  two.] 

(5)  Spring-Kymograph. — A.  Fick  (1S64)  uses  a  "  liollow  spring-kymograpli " 
on  the  princijjle  of  Bourdon's  manometer  (fig.  100,  II). 

A  liollow  C-shaped  metallic  spring,  F,  is  filled  with  alcohol.  One  end  of  the  hollow  spring 
is  closed,  and  the  other  end;  covered  by  a  membrane,  is  I)rought  into  connection  with  a  blood- 
vessel by  a  junction-piece  filled  with  a  solution  of  sodium  carbonate.  As  soon  as  the  com- 
munication with  the  artery  is  opened,  the  pressure  rises,  and  the  spring,  of  cour.se,  tends  to 
straighten  itself.  To  the  clo.sed  end,  b.  there  is  fixed  a  vertical  rod  attaclunl  to  a  scries  of  levers, 
h,  i,  fc,  c,  one  of  which  writes  its  movements  upon  a  surface  moving  at  a  uniform  rate.  The 
blood-pressure  and  the  periodic  variations  of  the  pulse  are  both  recorded,  although  the  latter  is 
not  done  with  absolute  accuracy. 

[Hering  improved  Fick's  instrument  (fig.  103).  a,  h,  c,  is  the  hollow  spring  filled  with 
alcohol,  and  communicating  at  a  with  the  lead  tube,  (/,  passing  to  the  cannula  in  the  artery. 
To  c  is  attached  a  series  of  light  wooden  levers  with  a  writing-style,  s.  The  lower  part  of  4 
dips  into  a  vessel,  e,  filled  with  oil  or  glycerine,  which  serves  to  damp  the  vibrations  of  the 
levers.  At  /  is  a  syringe  communicating  with  the  tube,  d.,  filled  with  solution  of  sodic 
carbonate,  and  used  for  regulating  the  amount  of  fluid  in  the  tube  connecting  the 
manometer  with  the  blood-vessel.  The  whole  apparatus  can  be  raised  or  lowered  on  the  toothed 
rod,  h,  by  means  of  the  millhead  opposite,  <j,  to  which  all  the  parts  of  the  apparatus  are 
attached.] 

(6)  Pick's  Flat  Spring-Kymograph. — The  narrow  tube  o,  a  (1  mm.  diam.)  is  placed  in  con- 
nection with  a  blood-vessel  by  means  of  the  cannula,  c,  and  over  its  vertical  exjianded  end,  A, 
is  fixed  a  caoutchouc  membrane,  with  a  projecting  point,  .v,  which  presses  against  a  horizontal 
spring,  F,  joined  to  a  writing-lever,  H,  by  an  intermediate  piece,  b.  The  whole  is  held  in  the 
metallic  frame,  R  R  (fig.  104).  In  order  to  estimate  the  absolute  pressure,  the  instrument  must 
be  compared  previously  with  a  mercurial  manometei'. 
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(B)  In  man  the  blood-pressure  may  be  estimated  by  means  of — (1)  a  properly 
graduated  sphygmograph  (.^  67).    The  pressure  required  to  abolish  the  movement 

of  the  lever  indicates  approxi- 
mately the  vascular  tension.  The 
mean  blood-pressure  in  the  radial 
artery  is  equal  to  5.50  grams. 

(2)  Sphygmomanometer  of 
V.  Basch. — A  capsule  containing 
liuid  was  placed  upon  a  pulsating 
artery,  while  the  capsule  itself 
communicated  with  a  mercurial 
manometer.  As  soon  as  the  pres- 
sure within  the  msinometer  slight 
exceeded  that  within  the  artery, 
the  artery  was  compressed  so  that 
a  sphygmograph  placed  on  a 
peripheral  portion  of  the  vessel 
ceased  to  beat.  Both  arrange- 
ments do  not  give  the  exact 
pressure  within  the  artery ;  they 
only  indicate  the  pressure  which 
is  required  to  compress  the 
p.^^  artery  and   the   overlying  soft 

, ,      .  '■  1  1    u  •  parts.    The  pressure  required  to 

Fick's  spnng-mauometer,  as  imiiroved  by  Hermg.  ^    •  i       n  i 

*  ~         o       compress  the  arterial  walls,  how- 

ever, is  very  small  compared  with  the  blood-pressure.  It  is  only  4  mm.  Hg. 
V.  Basch  estimated  the  pressure  in  the  radial  artery  of  a  healthy  man  to  be  135 
to  165  millimetres  of  mercury. 

Variations. — In  children  the  blood-pressure  increases  with  age,  height,  aiul  weight.  In  the 
.superficial  temporal  artery,  at  2  to  3 
years,  it  is  =  97  mm.  ;  12  to  13  years, 
113  mm.  Hg.  {A.  Eckcrt,  c.  §  100). 
The  blood-pressure  is  raised  imme- 
diately after  bodily  movements  ;  it  is 
higher  when  a  person  is  in  the  hori- 
zontal position  tlian  when  sitting,  and 
in  sitting  than  in  standing.     After  a 


Fig.  104. 
Fick's  flat  spring-kymograph. 

cold  as  well  as  after  a  warm  bath,  the  first  effect  is  an  increase  of  blood-pressure  and  of  the 
quantity  of  urine. 

85.  BLOOD-PRESSURE  IN  THE  ARTERIES.— The  following  results  have 
been  obtained  by  experiment  on  systemic  arteries :  

(a)  Mean  Blood-Pressure.— The  blood-pressure  is  very  considerable  varying 
within  pretty  wide  limits  ;  in  the  large  arteries  of  large  mammals,  and  perhaps  in 
man,  it  =  140  to  160  millimetres  [5-4  to  6-4  inches]  of  a  mercurial  column. 
VoTkmlmr— °  ^^""^  ^''''•'^  marked  thus  *  by  I'oiseuillc.  and  those  -f  by 

+  Carotid,  Fowl,  88  to  171  mm. 
+  Aorta  of  Frog,  22  to  29  mm. 
+  Gill  artery  of  Pike,  35  to  84  mm. 

Bi  achial  artery  of  ]\Ian  during  an  opera- 
tion, 110  to  120  mm.  {Faivrc).  Per- 
haps too  low  owing  to  the  injury. 


* 


+ 


Carotid,  Horse,  161  mm. 

,,     122  to  214  mm. 
Bog,  151  mm. 

130  to  190  mm.  {LwhrUi). 
Goat,  118  to  135  mm. 
Rabbit,  90  mm. 
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E.  Albert  estimated  tlie  blood-pressure  by  means  ol'  a  manometer,  placed  in  connection  with 
the  anterior  tibial  artery  ot  a  boy  whose  leg  was  to  be  amputated,  to  be  100  to  160  mm.  Hg. 
l  lie  elevation  with  each  pulse-beat  was  17  to  20  mm.  ;  eougliing  raised  it  to  20  or  30  mm.  ; 
tight  bandaging  ot  the  healthy  leg,  15  mm.  ;  while  passive  elevation  of  tlie  body,  whereby  tlie 
Jiydrostatic  action  of  the  column  of  blood  was  brouglit  into  play,  raised  it  40  mm. 

Ihe  pressure  m  tlie  aorta  of  mammals  varies  from  200  to  250  mm.  Hg.  As  a  general  rule, 
the  blood-pressure  m  large  animals  is  higher  than  in  small  animals,  because  in  the  former  the 
blood-chaunel  is  considerably  longer,  and  there  is  greater  resistance  to  be  overcome.  In  very 
young  and  in  very  old  animals  the  pressure  is  lower  than  in  individuals  in  the  prime  of  life. 

ihe  arterial  pressure  m  the  foetus  is  scarcely  half  that  of  the  newly-born,  while  the  venous 
pressure  is  higher,  the  ditlerence  of  pressure  between  arterial  and  venous  blood  being  scarcely 
half  so  great  as  in  adult  animals  {Cuhnstciu  and  Zuntz). 

The  arterial  blood-pressure  is  highest  in  the  aorta,  and  falls  towards  the 
smaller  vessels,  but  the  fall  is  very  gradual,  as  shown  in  fig.  lOo.  A  great  fall 
takes  place  on  passing  from  the  area 
of  tlie  arterioles  into  the  capillary 
area  (C),  while  it  is  less  in  the  ven- 
ous area,  and  negative  near  the  heart, 
as  indicated  in  the  dotted  line  pass- 
ing below  the  abscissa,  so  that  the 

pressure  is  lowest  in  the  cardiac   

ends  of  the  venae  cavae,  (compare  fig.     h  a  c  v  "---Ih 

^       ^        ^      L.V.  R.A. 

{/>)  Branching  of  the  Blood-  scheme  of  the  blood-pressure,  in  A,  the  arteries  ;  C, 
vessels. — Within  the  large  arteries  capillaries,  and  V,  veins;  0-0,  is  the  abscissa  or 
the  blood-pressure  diminishes  rela-  line  of  no  pressure  ;  L.V.,  left  ventricle,  and  R.A. , 
tively  little  as  we  pass  towards  the  '''^^1  auricle;  H.P.,  the  height  of  the  blood- 
periphery,  because  the  difference  of  l*'"*^^^"''^- 

the  resistance  in  the  different  sections  of  large  tubes  is  very  small.  As  soon,  how- 
ever, as  the  arteries  begin  to  divide  frequently,  and  undergo  a  considerable  diminu- 
tion in  their  lumen,  the  blood-pressure  in  them  rapidly  diminishes,  because  the  pro- 
pelling energy  of  the  blood  is  much  weakened,  owing  to  the  resistance  which  it  has 
to  overcome  (§  99). 

(<•)  Amount  of  Blood. — The  blood-pressure  is  increased  with  f/reaier  filling  of  the 
arteries,  and  vice  versa;  hence  it 

Increases.  I  Decreases. 

1.  With  increased  and  accelerated  action  of       1.  During  diminished  and  enfeebled  action 
the  heart ; 

2.  Ill  plethoric  persons ; 

3.  After  considerable  increase  of  the  quantity 
of  blood  by  direct  transfusion,  or  after 
a  copious  meal. 


of  the  heart ; 

2.  In  anremic  persons ; 

3.  After  hremorrhage  or  considerable  excre- 
tions from  the  blood  by  sweating,  tlie 
urine,  severe  diarrhoea. 

The  blood-pressure  does  not  vary  in  the  same  proportion  as  the  variations  in  the  amount  of 
blood.  The  vascular  system,  in  virtue  of  its  muscular  tissue,  has  the  property,  within  liberally 
wide  limits,  of  accommodating  itself  to  larger  or  smaller  quantities  of  blood  {C.  Ludioig  and 
IVorni  Mailer,  §  102,  d).  [In  fact,  a  large  amount  of  blood  may  be  transfused  without  materi- 
ally raising  the  blood-pressure.]  Small  aud  moderate  hajmorrliages  (in  the  dog  to  2 '8  per  cent, 
of  the  bod3'-weight)  have  no  obvious  effect  on  the  blood-pressure.  After  a  slight  loss  of  blood 
the  pressure  may  even  rise  (  JVorni  Miillcr).  If  a  large  amount  of  blood  be  withdrawn,  it  causes 
a  great  fall  of  the  blood-pressure,  and  when  ha-morrhage  occurs  to  4-6  per  cent,  of  the  body- 
weight,  the  blood-pressure  =  0.  The  transfusion  of  a.  niodr rate  Amornni  oi  blood  does  not  raise 
the  mean  arterial  blood-pressure.  There  are  important  practical  deductions  from  these  experi- 
ments, viz.,  that  the  arterial  blood-prcssuro  cannot  be  diminished  directly  by  moderate  blood- 
letting, and  that  the  blood-pressure  is  not  necessarily  high  in  plethoric  persons.] 

{d)  Capacity  of  the  Vessels. — The  arterial  pressure  rises  when  the  capacity  of 
the  arterial  system  is  diminished,  and  conversely.  The  circularly-disposed  smooth 
muscular  fibres  of  the  arteries  are  the  chief  agents  concerned  in  this  process.  When 
they  relax,  the  arterial  blood-pressure  falls,  and  when  they  contract,  it  rises.  These 
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COLLATERAL  VESSELS. 


actions  of  lauscular  fibres  are  controlled  and  regulated  b}  the  action  of  the  vaso- 
motor nerves  (>5  'Ml). 

(fi)  Collateral  Vessels. — Tlie  arterial  pressure  within  a  r/h'en  orea  of  the  vascular 
system  must  rise  or  fall  according  as  the  neighbouring  areas  are  diminished,  whether 
by  the  application  of  pressure,  or  a  ligature,  or  are  rendered  impervious,  or  as  these 
areas  dilate.  The  application  of  cold  or  warmth  to  limited  areas  of  the  body— in- 
creasing or  diminishing  the  atmospheric  pressure  on  a  part — -the  paralysis  or  stimu- 
lation of  certain  vaso-motor  areas  (§  371),  all  produce  remarkable  variations  in  the 
blood-pressure.  [The  effect  of  dilatation  of  a  large  vascular  area  on  the  arterial 
{n-essui-e  is  well  shown  by  what  happens  when  the  blood-vessels  of  the  abdomen  are 
dilated.  Divide  both  vagi  in  the  neck  of  a  rabbit  and  stimulate  the  central  end  oi 
the  superior  cardiac  or  depressor  nerve ;  after  a  few  seconds,  the  blood-vessels  of 
the  abdomen  dilate,  and  gradually  there  is  a  steady  fall  of  the  blood-pressure  in  the 
systemic  arteries.  Fig.  106  is  a  blood-pressure  tracing  showing  the  height  of  the 
blood-pressure  before  stimulation,  a.  The  stimulation  was  continued  from  a  to  /j, 
and  after  a  certain  httenf  period  there  is  a  steady  fall  of  the  blood-pressure.] 

(/■)  Respiratory  Undulations. — The  arterial  pressure  also  undergoes  regular 
variations  or  undulations  owing  to  the  respiratory  movements.    The.se  undulations 
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Fig.  106. 

Kymographic  tracing  showing  the  effect  on  the  blood-pressure  of  stimulation  of  the  central  end 
of  the  depressor  uerve  in  the  rabbit  after  section  of  both  vagi  in  tlie  neck.  Stimulation 
began  at  a  and  ended  at  b  ;  o~x,  the  abscissa. 

are  called  reBpiratory  undulations  (figs.  102  and  107.)  Stated  broadly,  during 
every  strong  inspiration  the  blood-pressure  rises,  and  during  expiration  it  falls 
(§  74).  This  is  not  quite  correct.  These  undulations  may  be  explained  by  the 
fact  that,  with  every  expiration,  the  blood  in  the  aorta  is  subjected  to  an  increase 
of  pressure  through  the  compressed  air  in  the  chest ;  with  every  inspiration,  on  the 
other  hand,  it  is  diminished  owdng  to  the  rarefaction  of  the  air  in  the  lungs  acting 
upon  the  aorta.  Besides,  the  inspiratory  movements  of  the  chest  aspirate  blood 
from  the  ven?e  cava-  towards  the  heart,  while  expiration  retards  it,  and  thus 
influences  the  blood-pressure.  The  undulations  are  most  marked  in  the  arteries 
lying  nearest  to  the  heart.  The  respiratory  undulations  are  due  in  part  to  a 
stimulation  or  condition  of  excitement  of  the  vaso-motor  centre,  which  runs  parallel 
with  the  respiratory  movements.    This  stimulation  of  the  vaso-motor  centre  causes 


liESPIRATORY  UNDULATIONS. 


the  arteries  to  contract,  and  thus  the  blood-pressure  is  raised.  The  variations  in 
the  pressure  which  depend  upon  a  varying  activity  of  the  vaso-inotor  centre  are 
known  as  the  "curves  of  Traube  and  Hering."  Fig.  107  shows  the  carotid  blood- 
pressure  tracing  of  a  dog.  In  this  curve,  when  inspiration  begins  (I)  the  blood- 
pressure  is  still  falling  slightly,  but  gradually  rises  until  it  reaches  its  maximum 
shortly  after  the  beginning  of  expiration  (E).  [The  maxima  and  minima  of  the 
respiratory  and  blood-pressure  curves  do  not  coincide  exactly,  but  in  addition  the 
number  of  pulse-beats  is  greater  in  the  ascent  than  in  the  descent.  This  is  well 
marked  in  a  blood-pressure  tracing  from  a  dog's  carotid  (fig.  107),  while  in  a  rabbit 
this  difference  of  the  pulse-rate  is  but  slightly  marked  (fig.  106).  The  smaller 
number  of  pulse-beats  during  the  descent,  i.e.,  during  the  greater  part  of  expiration 
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Fig.  107. 

Carotid  blood -pressure  tracing  oi"  dog  ;  vagi  not  divided  ;  I  ^iiisinration,  E  =  expiration. 

{StirliiKj). 

— is  due  to  the  activity  of  the  cardio-inhibitory  centre  in  the  medulla  oblongata. 
This  is  proved  by  the  fact  that  section  of  both  vagi  in  the  dog  causes  the  difference 
of  pulse-rate  to  disappear,  while  other  conditions  remain  the  same  as  before,  except 
that  the  heart  beats  more  rapidly.  It  would  seem  that,  during  the  ascent,  the 
cardio-inhibitory  centre  is  comparatively  inactive.  It  is  clear,  therefore,  that  the 
respiratory  and  cardio-inhibitory  centres  in  the  medulla  oblongata  act  to  a 
certain  extent  in  unison,  so  that  it  is  reasonable  to  suppose  that  other  centres 
situated  in  close  proximity  to  these  may  also  act  in  unison  with  them,  or,  as  it  were, 
"in  sympathy."  As  already  stated,  the  vaso-motor  centre  is  also  in  action  during 
a  particular  part  of  the  time.] 

[If  a  dog  be  curarised  and  artificial  respiration  established,  the  respiratory 
undulations  still  occur,  although  in  a  modified  form.  In  artificial  respiration, 
the  mechanical  conditions,  as  regards  the  intra-thoracic  pressure,  are  exactly  the 
reverse  of  those  which  obtain  during  ordinary  respiration.  Air  is  forced  into  the 
chest  during  artificial  respiration,  so  that  the  pressure  within  the  chest  is  increased 
during  inspiration,  while  in  ordinary  inspiration  the  pressure  is  diminished.  Thus, 
the  same  mechanical  explanation  will  not  suffice  for  both  cases.] 

If  the  artificial  respiration  be  suddenly  interrupted  in  a  curarised  animal,  the  blood- 
pressure  rises  steadily  and  rapidly.  This  rise  is  due  to  the  stimulation  of  the 
vaso-motor  centre  in  the  medulla  oblongata  by  the  impure  blood.  This  causes 
contraction  of  the  small  arteries  throughout  the  body,  which  retards  the  outflow 
from  the  large  arteries,  and  thus  the  pressure  within  them  is  raised.  [Stated 
broadly,  the  arterial  pressure  depends  on  the  central  organ — the  heart,  and  on  the 
condition  of  the  peripheral  organs — the  small  arteries.  Both  are  influenced  by 
the  nervous  system.  If  the  action  of  the  vaso-motor  centre  be  eliminated  by 
dividing  the  spinal  cord  in  the  cervical  region,  arrest  of  the  respiration  causes  a 
very  slight  rise  of  the  blood-pressure  ;  hence,  it  is  evident  that  venous  blood  acts 
but  slightly  on  the  heart,  or  on  any  local  peripheral  nervous  mechanism,  or  on  the 
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muscular  fibres  of  tlie  arteries.    This  experiment  shows  that  it  is  the  vaso-motor 
centre  which  is  specially  acted  upon  by  the  venous  blood.] 

[Traube-Hering  Curves. — ^The  following  experiment  proves  that  the  varying 
activity  of  the  vaso-motor  centre  suffices  to  produce  undulations  in  the  blood- 
pressure  tracing.  Take  a  dog,  curarise  it,  expose  both  vagi  and  establish  artificial 
respiration  ;  then  estimate  the  blood-pressure  in  the  carotid.  After  section  of  the 
vagi,  the  heart  will  continue  to  beat  more  rapidly,  but  it  will  be  undisturbed  by 
the  cardio-inhibitory  centre.  Thus  the  central  factor  in  the  causation  of  the  blood- 
pressure  remains  constant.  Suddenly  interrupt  the  respiration,  and,  as  alread}' 
stated,  the  blood-pressure  will  rise  steadily  and  uniformly,  owing  to  the  stimulation 
of  the  vaso-motor  centre  by  the  venous  blood.  In  this  case  the  perix)heral  factor, 
or  state  of  tension  of  the  small  arteries  throughout  the  body,  is  influenced  by  the 
condition  of  the  nerve-centre,  which  controls  their  action.  After  a  time,  the  blood- 
pressure  tracing  shows  a  series  of  bold  curves  higher  than  the  original  tracing. 
These  can  only  be  due  to  an  alteration  in  the  state  of  the  small  arteries,  brought 
about  by  a  condition  of  rhythmical  activity  of  the  vaso-motor  centre.  These 
curves  were  described  and  figured  by  Traube,  and  are  called  the  Traube  or  Traube- 
Hering  curves.  As  in  other  conditions,  stimulation  causes  exhaustion,  and  soon  the 
venous  blood  paralyses  the  vaso-motor  centre  and  the  small  arteries  relax,  blood 
flows  freely  out  of  the  larger  arteries,  and  the  blood-pressure  rapidly  sinks. 
Variations  in  the  blood-pressure  have  been  observed  after  a  mechanical  pump  ha.s 
been  substituted  for  the  heart,  i.e.^  after  all  respiratory  movements  have  been  set 
aside,  so  that  the  only  factor  which  would  account  for  the  phenomena  of  the  Traube- 
Hering  curves  is  the  variation  in  the  peripheral  resistance  in  the  small  arteries, 
determined  by  the  condition  of  the  vaso-motor  centre.] 

Variations. — The  respiratory  undulations  of  the  blood-pressure  become  more  pronounced  the 
greater  tlie  force  of  the  respirations,  which  produce  greater  variations  of  the  intra-thoracic 
pressure.  In  man,  the  diminution  of  tlie  pressure  within  the  trachea  is  1  mm.  Hg.  during 
tranquil  inspix"ation  ;  while  during  forced  respiration,  when  the  respiratory  passage  is  closed,  it 
may  be  57  mm.  Conversely,  during  ordinary  expiration,  the  pressure  is  increased  within  the 
trachea  2-3  mm.  Hg. ,  while  during  forced  expiration,  owing  to  the  compression  of  the  abdominal 
muscles,  it  may  reach  87  mm.  Hg. 

Other  Factors. — The  increase  of  the  blood-pressure  during  inspiration,  as  well  as  the  fall 
during  expiration,  must  in  part  depend  upon  the  pressure  within  the  abdomen.  As  the  dia- 
phragm descends  during  inspiration,  it  presses  upon  the  abdominal  contents,  including  the 
abdominal  vessels,  whereby  the  blood-pressure  must  be  increased.  The  reverse  etiect  occurs 
during  expiration  {Schiixinhurg).  [Section  of  botli  jdirenic  nerves  and  opening  of  the  abdominal 
cavity  cause  the  respiratory  undulations  almost  entirely  to  disappear.  TIk-  respiratory  undula- 
tions, therefore,  depend  in  great  part  upon  the  changes  of  the  abdominal  pressure  and  the  effect 
of  these  changes  on  the  amount  of  blood  in  the  abdominal  vessels.  When  making  a  blood- 
pressure  experiment,  pressure  ui)on  the  abdomen  of  the  animal  with  the  hand  causes  the  blood- 
pressure  to  rise  rapidly.  ] 

{g)  Variations  with  each  Pulse-Beat. — The  mean  arterial  pressure  undergoes 
a  variation  with  each  heart-beat  or  puhe-heat,  causing  the  so-called  pulsatory 
undulations  (fig.  107).  The  mass  of  blood  forced  into  the  arteries  with  each 
ventricular  systole  causes  a  positive  wave  and  an  increase  of  the  pressure  corre- 
sponding with  it,  which  of  course  corresponds  in  its  development  and  in  its  form 
with  the  pulse-curve. 

In  the  large  arteries  Volkmann  found  the  increase  during  the  heart-beat  to  be  =  i\  (horse) 
and  yV  (<iog)  of  tlif'  total  pressure.  " 

None  of  the  apjjaratus  described  in  §  84  gives  an  exact  representation  of  the  pulse-curve. 
They  all  show  simply  a  rise  and  fall,  a  simple  curve.  The  sphygmograph  alone  gives  a  true 
expression  of  the  undulations  in  the  blood-pressure  which  are  due  to  the  heart-beat. 

(A)  Arrest  of  the  Heart's  Action.— If  the  heart's  action  be  arrested  or  interrupted 
by  continued  stimulation  of  the  vagus,  or  by  high  positive  respiratory  pressure,  the 
arterial  blood-pressure  falls  enormously,  while  it  rises  in  the  veins  as  the  blood 
flows  into  them  from  the  arteries  to  equilibrate  the  difference  of  pressure  in  the  two 
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sets  of  vessels.  This  experiment  shows  that,  even  when  the  difference  of  pressure 
is  almost  entirely  set  aside,  the  passive  blood  presses  upon  the  arterial  walls,  l.<\, 
on  account  of  the  overfilling  of  the  blood-vessels  a  slight  pressure  is  exerted  upon 
the  walls,  even  when  there  is  no  circulation.  [As"  already  stated,  the  arterial 
l)ressure  depends  on  the  condition  of  the  central  organ — the  heart — and  on  the 
peripheral  organs — the  small  arteries.  If  the  action  of  the  heart  be  arrested,  then 
the  blood-pressure  rapidly  falls.    Fig.  108  shows  the  effect  on  the  blood-pressure 
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Fig.  108. 

Blood-pressure  ti*acing  taken  with  a  mercurial  kymograph  from  the  carotid  of  a  rabbit. 
0  -  x,  abscissa  ;  stimulation  of  vagus  begun  at  a  and  stopped  at  b. 

of  arresting  the  action  of  the  heart  by  stimulation  of  the  peripheral  end  of  the 
vagus.  There  is  a  sudden  fall  of  the  arterial  pressure,  as  shown  by  the  rapid  fall 
of  the  curve  from  «.] 

[Variations  in  Animals.  — The  pressure  in  the  arterial  system  depends  upon  the  balance 
between  the  indow  and  outflow,  i.e.,  upon  the  heart  and  the  state  of  the  arterioles.  But  it  is 
to  be  noted  that  the  central  factor,  the  heart,  varies  in  different  animals.  In  the  rabbit  the 
heart  normally  beats  rapidly,  so  that  section  of  the  vagi  does  not  cause  any  great  increase  in 
the  number  of  beats,  nor  is  the  blood-pressure  much  raised  thereby.  In  the  dog,  on  the  other 
hand,  the  beats  are  considerably  increased  by  section  of  the  vagi,  wliile  the  blood-pressure 
rises  considerably.  Atropin  imralyses  the  cardiac  terminations  of  tlie  vagus,  and  thereby  trebles 
the  number  of  heart-beats  in  the  dog,  while  it  only  raises  it  25  per  cent,  in  the  rabbit  ;  in  man, 
again,  the  number  may  be  doubled.  As  Brunton  has  shown,  this  difference  of  the  initial 
number  of  heart-beats  and  the  action  of  the  vagus  have  important  relations  to  the  action  of 
drugs  on  the  blood-pressure.  For  example,  if  an  intact  rabbit  be  caused  to  inhale  amyl  nitrite, 
the  blood-pressure  falls  at  once  and  rapidly,  while  in  the  dog  the  fall  may  be  slight.  The  pulse 
of  the  dog,  however,  is  greatly  accelerated,  so  much  so  as  to  be  nearly  as  rapid  as  that  of  the 
rabbit.  In  both,  the  vessels  are  dilated,  but  in  the  dog,  notwithstanding  this  dilatation,  which 
2)er  sc  would  cause  the  pressure  to  fall,  the  heart  of  the  dog  beats  now  so  rapidly  as  to  com- 
pensate for  this,  and  thus  keeps  the  blood-pressure  nearly  normal  ;  while  the  increased  rate  of 
beating  in  the  rabbit  is  not  sufficient  for  this  purpose.  If  the  vagi  in  the  dog  be  divided,  the 
subsequent  inhalation  of  amyl  nitrite  causes  a  fall  of  blood-pressure  like  that  in  the  rabbit 
{Bruntoii).] 

[Relation  of  Blood-Pressure  to  Pulse-Rate. — When  the  blood-pressure  rises  in 
an  intact  animal,  as  a  rule  the  pulse-rate  falls,  owing  to  stimulation  of  the  vagus 
centre  increasing  the  cardio-inhibitory  action,  while  a  fall  of  blood-pressure  is 
accompanied  by  an  increase  of  the  number  of  pulse-beats  for  the  opposite  reason, 
the  action  of  the  medullary  cardio-inhibitory  centre  being  increased.    But  the 
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blood-pressure  may  be  increased  either  by  the  action  of  the  heart  or  the  arterioles. 
If  we  divide  the  vagi  the  pulse  beats  more  quickly,  and  in  some  animals  the 
blood-pressure  rises  ;  in  this  case,  the  rise  in  the  two  curves  occurs  together,  and  if 
the  vagi  be  stimulated  there  is  a  sudden  fall  of  the  blood-pressure,  due  to  arrest 
of  the  heart's  action,  so  that  again  the  two  curves  are  parallel.  If  the  arterioles 
contract  the  blood-pressure  rises,  but  by  and  by  the  pulse-rate  falls,  owing  to  the 
cardio-inhibitory  action  of  the  vagus  ;  while,  on  the  other  hand,  if  the  arterioles 
are  dilated,  the  blood-pressure  falls,  and  the  heart  beats  faster.  Thus,  in  both  of 
these  cases  the  pulse-curve  and  blood-pressure  curve  i-un  in  opposite  directions. 
These  results  only  obtain  when  the  vagi  are  intact  (Jirimton).] 

[The  increase  in  the  pulse-rate  and  blood-pressure  following  section  of  the  vagi  do  not  run 
l)arallel.  Both  sooner  or  later  reach  a  maximum,  but  the  blood-pressure  gradually  falls  to  or 
below  the  normal,  while  the  pulse-rate  remains  above  the  normal  {Miimc/).  ] 

For  the  effects  of  the  nervous  system  upon  the  blood-pressure  see  §  371. 

Pathological. — In  persons  suffering  from  granular  or  contracted  kidney  and  sclerosis  of  the 
arteries,  in  lead  poisoning,  and  after  the  injection  of  ergotin,  which  causes  contraction  of  the 
small  arteries,  it  is  found,  on  employing  the  method  of  v.  Basch,  that  the  blood-pressure  is 
raised.  It  is  also  increased  in  cases  of  cardiac  hypertrophy  Mith  dilatation,  and  by  digitalis  in 
cardiac  affections,  while  it  falls  after  the  injection  of  morphia.  The  blood-pressure  falls  in 
fever,  a  fact  also  indicated  in  the  sphygmogram  (§  69),  and  it  is  low  in  chlorosis  and  phthisis. 

86.  BLOOD-PRESSUREINTHECAPILLARIES,— Methods.— Direct  estimation  of  the  capil- 
lary pressure  is  not  possible  on  account  of  the  smallness  of  the  capillary  tubes.  If  a  glass  jilate  of 
known  dimensions  be  })laced  on  a  portion  of  the  skin  rich  in  blood-vessels,  and  if  it  be  weighted 

until  the  capillaries  become  pale,  we  obtain  approximately  the  pressure  neces- 
sary to  overcome  the  capillary  pressure.  N.  v.  Kries  placed  a  small  glass 
plate  (tig.  109)  2"5-5  S([.  mm.,  on  a  suitable  part  of  the  skin,  e.g.,  the  skin 
at  the  root  of  the  nail  on  the  terminal  phalanx,  or  on  the  ear  in  man,  and 
on  the  gum  in  rabbits.  Into  a  scale-pan  attached  to  this,  weights  were 
placed  until  the  skin  became  pale.  The  pressure  in  the  capillaries  of  the 
hand,  when  the  hand  is  raised,  Kries  found  to  be  24  mm.  Hg.  ;  when  the 
hand  hangs  down,  54  mm.  Hg.  :  in  the  ear,  20  mm.,  and  in  the  gum  of  a 
rabbit,  32  mm. 

Roy  and  Graham  Brown  compressed  from  below  transparent  vascular  mem- 
branes against  a  glass  jdate  by  means  of  an  elastic  bag  connected  with  a 
manometer,  w'hile  the  variations  in  the  capillaries  were  observed  from  above 
by  a  microscope. 

Conditions  influencing   Capillary  Pressure. — The  capillary 
blood-pressure  in  a  given  area  increases — (1)  When  the  afferent 
small  arteries  dilate,  so  that  the  blood-pressure  within  the  large 
arteries  is  propagated  more  easily  into  them.    (2)  By  increasing 
the  pressure  in  the  small  afferent  arteries.    (3)  By  narrowing  the 
diameter  of  the  veins  leading  from  the  capillary  area.    Closure  of 
the  veins  may  quadruple  the  pressure.     (4)  By  increasing  the 
^  tus"or^  appara-  pressure  in  the  veins  (e.(/.,  by  altering  the  position  of  a  limb).  A 
pressure*!^^       diminution  of  the  capillary  pressure  is  caused  by  the  opposite  con- 
square  of  glass,  ditions. 

Changes  in  the  diameter  of  the  capillaries  influence  the  internal  pres- 
sure. _  "VVe  have  to  consider  the  movements  of  the  capillary  wall  itself  as  well  as  the  pressure, 
swelling,  and  consistence  of  the  surrounding  tissues.  The  resistance  to  the  blood-stream  is 
gi-eatest  in  the  capillary  area,  and  it  is  evident  that  the  blood  in  a  long  capillary  must  exert 
more  pressure  at  the  commencement  than  at  the  end  of  the  capillary  ;  in  the  iniddle  of  the 
capillary  area  the  blood-pressure  is  just  about  one-half  of  the  pressure  within  the  large  arteries 
(DoTiders).  The  capillary  pressure  must  also  vary  in  different  regions  of  the  body.  Thus,  the 
pressure  within  the  intestinal  capillaries,  in  those  constituting  the  glomeruli  of  the  kidney 
and  in  those  of  lower  limbs  when  the  person  is  in  the  erect  posture,  must  be  greater  than  in 
other  regions,  depending  in  the  former  cases  partly  upon  the  double  resistance  caused  by  two 
sets  of  capillaries,  and  in  the  latter  case  partly  on  purely  hydrostatic  causes. 

87.  Blood-Pressure  in  the  Veins.— In  the  large  venous  trunks  near  the 
heart  (innominate,  subclavian,  jugular)  a  mean  negative  pressure  ot  about -O'l 
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nun.  Hg.  prevails  (//.  Jacobson).  Hence,  the  lympli-streani  can  How  unhindered. 
As  the  distance  of  the  veins  from  the  heart  increases,  there  is  a  gradual  increase 
of  the  lateral  pressure  ;  in  the  external  facial  vein  (sheep)  =  +  3  mm.  ;  brachial, 
mm.,  and  in  its  branches  9  mm.  ;  crural,  11-4  mm.  [The  pressure  is  said  to 
be  negative  when  it  is  less  than  that  of  the  atmosphere.  The  gradual  fall  of  the 
blood-pressure  from  the  capillary  area  (C)  to  the  venous  area  (V)  is  shown  in  fig. 
108,  while  within  the  thorax,  where  the  veins  terminate  in  the  right  auricle,  the 
pressure  is  negative.] 

Modifying  Conditions.— (1)  All  conditions  which  diminuli  the  difference  of 
pressure  between  the  arterial  and  venous  systems  increase  the  venous  pressure,  and 
ifice  versa. 

(2)  General  plethora  of  blood  increases  it  ;  anannia  diminishes  it. 

(3)  Respiration,  or  the  aspiration  of  the  thorax,  affects  specially  the  pressure 
in  the  veins  near  the  heart  ;  during  inspiration,  owing  to  the  diminished  tension, 
blood  flows  towards  the  chest,  while  during  expiration  it  is  retarded.  The 
effects  are  greater,  the  deeper  the  respiratory  movement,  and  these  may  be  very 
great  when  the  respiratory  passages  are  closed  60). 

[When  a  vein  is  exposed  at  tlie  root  of  the  neck,  it  collapsef;  durin<f  inspiration,  and  fills 
during  expiration.  The  respiratory  movements  do  not  aH'ect  the  venous  stream  in  ])eripheral 
veins.  The  veins  of  the  neck  and  face  become  distended  with  blood  during  crying,  and  on 
making  violent  expiratory  etlbrts,  as  in  blowing  ujion  a  wind  instrument.  Every  surgeon  is 
acquainted  with  the  tact  that  air  is  particnlarlj-  liable  to  be  sucked  into  the  veins,  especially  in 
operations  near  tlie  root  of  the  neck.  This  is  due  to  the  negative  intra-thoracic  pi'essure  occur- 
ring during  inspiration.) 

(4)  Aspiration  of  the  Heart. — Blood  is  sucked  or  aspirated  into  the  auricles- 
when  they  dilate  (p.  59),  so  that  there  is  a  double  aspiration— one  synchronous 
with  inspiration,  and  the  other,  which  is  but  slight, 
synchronous  with  the  heart-beat.  There  is  a  cor- 
responding retardation  of  the  blood-stream  in  the 
venie  cav<i?,  caused  by  the  contraction  of  the  auricle 
(p.  58,  a).  The  respiratory  and  cardiac  undula- 
tions are  occasionally  observable  in  the  jugular 
vein  of  a  healthy  person  99). 

(5)  Change  in  the  position  of  the  limbs  or  of 
the  body,  for  hydrostatic  reasons,  greatly  alters  the 
venous  pressure.  The  veins  of  the  lower  extrem- 
ity bear  the  greatest  pressure,  while  at  the  same 
time  they  contain  most  muscle  (A'.  Bardelehen, 
§65).  Hence,  when  these  muscles  from  any  cause 
become  insufficient,  dilatations  occur  in  the  veins, 
giving  rise  to  the  production  of  varicose  veins. 

[Brauue  showed  that  the  femoral  vein  under  Poupart's  .  . 
ligament  collapsed  when  the  lower  limb  was  rotated  out-  j^f^^.^^ 
wards  and  backwards,  but  filled  again  when  the  limb  was 
restored  to  its  former  j)osition.  All  the  veins  wliich  open 
into  the  femoral  vein  have  valves,  which  permit  blood  to 
pass  into  the  femoral  vein,  but  prevent  its  reflux.  This 
mechanism  acts  to  a  slight  degree  as  a  kind  of  suction  and 
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Fig.  110. 
the  blood-pressure.  H, 
auricle  ;  v,  ventricle  ;  A> 
C,  capillary;  and  V,  ven- 

The  circle  indicates  the 


parts  within  the  thorax;  ]i. P., 
pressure  in  the  aorta. 

pressure  apparatus  when  a  person  walks,  and  thus  favours  the  onward  movement  of  the  blood.] 
[(6)  Muscular  Movements. — Veins  which  lie  between  muscles  are  compressed 
when  these  muscles  contract,  and  as  valves  exist  in  the  veins,  the  flow  of  blood  is 
accelerated  towards  the  heart ;  if  the  outflow  of  the  blood  be  obstructed  in  any 
way,  then  the  venous  pressure  on  the  distal  side  of  the  obstruction  may  be  greatly 
increased.  When  a  hllet  is  tied  on  the  upper-arm,  and  the  person  moves  the 
muscles  of  the  fore-arm,  the  superficial  veins  become  turgid,  and  can  be  distinctly 
traced  on  the  surface  of  the  limb.] 
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(7)  Gravity  exercises  a  greater  elfect  upon  the  blood-stream  in  the  extensile 
veins  than  upon  the  stream  in  the  arteries.  It  acts  on  the  distribution  of  the 
blood,  and  thus  indirectly  on  the  motion  of  the  blood-stream.  It  favours  the 
emptying  of  descending  veins,  and  retards  the  emptying  of  ascending  veins, 
so  that  the  pressure  becomes  less  in  the  former  and  greater  in  the  latter.  If 
the  position  of  the  limb  be  changed,  the  conditions  of  pressure  are  also  altered. 
If  a  person  be  suspended  with  the  head  hanging  downwards,  the  face  soon 
becomes  turgid,  the  position  of  the  body  favouring  the  inflow  of  blood  through 
the  arteries  and  retarding  the  outflow  through  the  veins.  If  the  hand  hangs 
down  it  contains  more  blood  in  the  veins  than  if  it  is  held  for  a  short  time  over 
the  head,  when  it  becomes  pale  and  bloodless.  [As  Lister  has  shown,  the  condition 
of  the  vessels  in  the  limb  is  influenced  not  only  by  the  position  of  the  limb,  but 
also  by  the  fact  that  a  nervous  mechanism  is  called  into  play.] 

[Ligature  of  the  portal  vein  causes  congestion  of  the  rootlets  and  dilatation  of  all  the  blood- 
vessels in  the  abdomen  ;  gradually  nearly  all  the  blood  of  the  animal  accumulates  within  its 
belly,  so  that,  paradoxical  as  it  may  seem,  an  animal  may  be  bled  into  its  own  belly.  As  a 
consequence  of  sudden  and  coniiActc  ligature  of  this  vein,  the  arterial  blood-pressure  gradually 
and  rapidly  falls,  and  the  animal  dies  very  quickly.  If  the  ligature  be  removed  before  the 
blood-pressure  falls  too  much,  the  animal  may  recover.  Schift"  and  Lautenbach  regard  the 
symptoms  as  due  chiefly  to  the  action  of  a  poison,  for  when  the  blood  of  the  portal  vein  in  an 
animal  treated  in  this  way  is  injected  into  a  frog,  it  causes  death  within  a  lew  hours,  while  the 
ordinary  blood  of  the  jiortal  vein  has  no  oll'eot.  ] 

[Ligature  of  the  Veins  of  a  Limb. — The  ellect  of  ligaturing  or  compressing  all  the  veins  of  a 
limb  is  well  seen  in  cases  where  a  bandage  has  been  applied  too  tightly.  It  leads  to  congestion 
and  increase  of  pressure  within  the  veins  and  capillaries,  increased  transudation  of  fluid  through 
the  capillaries,  and  consequent  oxlcma  of  the  parts  beyond  the  obstruction.  Ligature  of  one 
vein  does  not  always  produce  a-dema,  but  if  several  veins  of  a  limb  be  ligatured,  and  the  vaso- 
motor nerves  be  divided  at  the  same  time,  the  rapid  production  of  redenia  is  ensured.  In 
pathological  cases  the  pressure  of  a  tumour  upon  a  large  vein  may  produce  similar  results 

(§  2o;3).] 

88.  BLOOD-PEESSURE  IN  THE  PULMONARY  ARTERY.— Methods.— (1)  Direct  estima- 
tion of  the  blood-pi'cssiire  in  the  pulmonary  artery  by  opening  the  chest  was  made  by  C.  Ludwig 
and  Beutner  (1850).  Artificial  respiration  was  kept  up,  and  the  manometer  was  jilaced  in  con- 
nection with  the  left  branch  of  the  pulmonary  artery.  The  circulation  through  the  left  lung 
of  cats  and  rabbits  was  thereby  comjdetely  cut  oft',  and  in  dogs  to  a  great  e.Ktent  interrupted. 
There  was  an  additional  disturbing  element,  viz.,  the  removal  of  the  elastic  force  of  the  lungs, 
owing  to  the  opening  of  the  chest,  whereby  the  venous  blood  no  longer  flowed  noi'mally  into  the 
right  heart,  while  the  heart  itself  was  under  the  full  pressure  of  the  atmosphere.  The  estimated 
])ressure  in  the  _dog  =  29-6  ;  in  the  cat=17"7;  in  the  rabbit,  12  mm.  Hg.,  i.e.,  in  the  dog  3 
times,  the  rabbit  4  times,  and  the  cat  5  times  less  than  the  carotid  i)ressui-e. 

(2)  Hering  (1850)  experimented  upon  a  calf  with  ectopia  cordis.  He  introduced  glass  tubes 
directly  into  the  heart,  by  pushing  them  through  the  muscular  walls  of  the  ventricles.  The 
blood  rose  to  the  height  of  21  inches  in  the  right  tube,  and  33-4  inches  in  the  left. 

(3)  Faivre  (1856)  introduced  a  catheter  through  the  jugular  vein  into  the  right  ventricle, 
and  placed  it  in  connection  with  a  recording  tambour. 

Indirect  measurements  have  been  made  by  comparing  the  relative  thickness  of  the  walls  of 
the  right  and  left  ventricles,  or  the  walls  of  the  pulmonary  artei'y  and  aorta. 

Beutner  and  Marey  estimated  the  relation  of  the  pulmonary  artery  to  the  aortic 
in-essure  as  1  to  3 ;  Goltz  and  Gaule  as  2  to  5  ;  Fick  and  Badoud  found  a  pressure 
of  60  mm.  in  the  pulmonary  artery  of  the  dog,  and  in  the  carotid  111  mm.  Hg. 
The  blood-pressure  within  the  pulmonary  artery  of  a  child  is  relatively  higher  than 
in  the  adult. 

Elastic  Tension  of  Lungs.— The  lungs  within  the  chest  are  kept  in  a  state  of 
distension,  owing  to  the  fact  that  a  negative  pressure  exists  on  their  outer  pleural 
surface.  When  the  glottis  is  open,  the  inner  surface  of  the  lung  and  the  walls  of 
the  capillaries  in  the  pulmonary  air-vesicles  are  exposed  to  the  full  pressure  of  the 
air.  The  heart  and  large  blood-vessels  within  the  chest  are  not  exposed  to  the  full 
pressure  of  the  atmosphere,  but  only  to  the  pressure  which  corresponds  to  the 
atmo.si)heric  pressure  minus  the  pressure  exerted  by  the  elastic  traction  of  the  luncrg 
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(■5  00).  The  trunks  of  the  puhiionary  artery  and  veins  are  subjected  to  the  same 
conditions  of  pressure.  The  elastic  traction  of  the  lungs  is  greater  the  more  they  are 
distended.  The  blood  of  the  pulmonary  capillaries  will,  therefore,  tend  to  How 
towards  the  large  blood-vessels.  As  the  elastic  traction  of  the  lungs  acts  chiefly 
on  the  thin-walled  pulmonary  veins,  while  the  semi-lunar  valves  of  the  pulmonary 
artery,  as  well  as  the  systole  of  the  right  ventricle,  prevent  the  blood  from  flowing 
backwards,  it  follows  that  the  blood  in  the  capillaries  of  the  lesser  ciradation  mtist 
jioio  towards  the  puhiionary  veins. 

If  tubes  with  thin  walls  be  placed  in  the  walls  of  an  elastic  distensible  bag,  the 
lumen  of  these  tubes  changes  according  to  the  manner  in  which  the  bag  enclosing 
them  is  distended.  If  the  bag  be  directly  inflated  so  as  to  increase  the  pressure 
within  it,  the  lumen  of  the  tubes  is  diminished  {Funke  and  Latscheidmyer).  If  the 
bag  be  placed  within  a  closed  space,  and  the  tension  within  this  space  be  diminished 
so  that  the  bag  thereby  becomes  distended,  the  tubes  in  its  wall  dilate.  In  the 
latter  case — viz.,  by  negative  aspiration — the  lungs  are  kept  distended  within  the 
thorax,  hence  the  blood-vessels  of  the  lungs  containing  air  are  wider  than  those  of 
collapsed  lungs  {Quincke  and  Ffeiffer,  Boivditrh  and  Garland,  De  Ji'ujer).  Hence 
also,  more  blood  Mows  through  the  lungs  distended  within  the  thorax  than  through 
collapsed  lungs.  The  dilatation  which  takes  place  during  inspiration  acts  in  a 
similar  manner.  The  negative  pressure  that  obtains  within  the  lungs  during 
inspiration  causes  a  considerable  dilatation  of  the  pulmonary  veins,  into  which 
the  blood  of  the  lungs  flows  readily,  whilst  the  blood  under  high  pressure  in  the 
thick-walled  pulmonary  artery  scarcely  undergoes  any  alteration.  The  velocity  of 
the  blood-stream  in  the  pulmonary  vessels  is  accelerated  during  inspiration  {De 
Jdger,  Lalfsque).  The  blood-pressure  in  the  pulmonary  circuit  is  raised  when  the 
lungs  are  inflated.  Contraction  of  small  arteries,  which  causes  an  increase  of  the 
blood-pressure  in  the  systemic  circulation,  also  raises  the  pressure  in  the  pulmonary 
circuit,  because  more  blood  flows  to  the  right  side  of  the  heart. 

The  vessels  of  the  pulmonary  circulation  are  very  distensible  and  their  tonus  is 
slight.  [Occlusion  of  one  branch  of  the  pulmonary  artery  does  not  raise  the 
pressure  within  the  aorta.  Even  when  one  pulmonary  artery  is  plugged  with  an 
embolon  of  paraffin,  the  pressure  within  the  aortic  system  is  not  raised  {Lichtheim). 
When  a  large  branch  of  the  pulmonary  artery  becomes  impervious,  the  obstruction 
is  rapidly  compensated  for,  and  this  is  not  due  to  the  action  of  the  nervous  system. 
The  vaso-motor  system  has  much  less  effect  upon  the  pulmonary  blood-vessels  than 
upon  those  of  the  systemic  circulation.  The  compensation  seems  to  be  due  chiefly 
to  the  great  distensibility  and  dilatation  of  the  pulmonary  vessels  {Lichtheim).^ 
We  know  little  of  the  effect  of  physiological  conditions  upon  the  pulmonary  artery. 
According  to  Lichtheim  suspension  of  the  respiration  causes  an  increase  of  the 
pressure.  [In  one  experiment  he  found  that  the  pressure  within  the  pulmonary 
artery  was  increased,  while  it  was  not  increased  in  the  carotid,  and  he  regards  this 
experiment  as  proving  the  existence  of  vaso-motor  nerves  in  the  lung.] 

Duiing  the  act  of  great  straining,  tlie  blood  at  first  flows  rapidly  out  of  the  pulmonary  veins, 
and  afterwards  ceases  to  flow,  because  the  inflow  of  Ijlooil  into  the  pulmonary  vessels  is  inter- 
fered with.  As  soon  as  the  straining  ceases,  blood  Hows  rapidly  into  the  pulmonary  vessels 
{Lalcsquc). 

Severini  found  that  the  blood-stream  through  the  lungs  is  gi'eater  and  more  rapid  when  the 
lungs  are  filled  with  air  rich  in  C0._;  than  when  the  air  within  them  is  rich  in  0.  He  supposes 
that  these  gases  act  upon  the  vascular  ganglia  within  the  lung,  and  thus  affect  the  diameter  of 
the  vessels. 

Pathological. — Increase  of  the  pressure  within  the  area  of  the  pulmonary  arteiy  occui  s  fre- 
quently in  man,  in  certain  cases  of  heart  disease.  In  these  cases  the  second  pulmonary  sound 
is  always  accentuated,  while  the  elevation  caused  thereby  in  the  cardiogram  is  always  more 
marked  and  occurs  earlier  (§  52).  Electrical  and  mechanical  stimulation  of  abilominal  organs 
raises  the  blood-pressure  in  the  pulmonary  artery  {Mord). 

[The  action  of  drugs  o)i  the  pulmonary  circulation  may  be  tested  by  Holmgren's  apparatus 
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(§  94),  which  pennit.s  of  (listeiisioii  of  the  lung  and  retention  of  the  normal  circulation  in  the 
IVog.  Colli  contracts  the  jmlnionary  capillaiies  to  one-third  of  their  iliameter,  and  anaesthetics 
arrest  the  j)ulinonary  circulation,  chloroform  being  most  and  ether  least  active,  whilf  ethidene  is 
iutennetliate  in  its  effect.] 

[Influence  of  the  Nervous  System. — The  pulmonary  circulation  is  much  less 
dependent  on  the  nervous  system  than  the  systemic  circulation. 
Very  considerable  variations  of  the  blood-pressure  within  tbe 
other  parts  of  the  body  may  occur,  while  the  pressure  within 
the  right  heart  and  pulmonary  artery  is  but  slightly  affected 
thereby.  The  pressure  is  increased  by  electrical  stimulation 
of  the  medulla  oblongata,  and  it  falls  when  the  medulla  is 
destroyed.  Section  and  stimulation  of  the  central  or  peri- 
pheral ends  of  the  vagi,  stimulation  of  the  splanchnics,  and 
of  the  central  end  of  the  sciatic,  have  but  a  minimal  influence 
on  the  pressure  of  the  pulmonary  artery  (Anhert).] 

89.  VELOCITY  OF  THE  BLOOD-STREAM.— 
Methods :  ( 1 )  A.  W.  Volkmann  s  Haemadromometer 

(1850). — A  glass  tube  of  the  shape  of  a  hair-iiin. 
()0-130  cm.  long  and  2  or  3  mm.  broail,  with  a  scale 
etched  on  it,  or  attached  to  it,  is  ti.xed  to  a  metallic 
basal  plate,  B,  so  that  each  limb  pas.ses  to  a  stoji- 
cock  with  thr(!e  channels.  The  basal  j^late  is  per- 
forated along  its  length,  and  carries  at  each  end 
short  cannula',  c,  c,  which  are  tied  into  the  ends  of 
a  divided  arteiT.  The  whole  ajiparatus  is  first  filled 
with  water,  [or,  better,  with  salt  solution].  The 
sto))-cocks  are  moved  sinniltaneously,  as  they  are 
attached  to  a  toothed  wheel,  and  have  at  first  the 
position  given  in  fig.  Ill,  I,  so  that  the  blood 
simply  flows  through  the  hole  in  the  basal  piece, 
i.e.,  directly  from  one  end  of  the  artery  to  the 
other.  If  at  a  given  moment  the  stop-cock  is  turneil 
in  the  direction  indicated  in  fig.  Ill,  II,  the  blood 
has  to  pass  through  the  glass  tube,  and  the  time  it 
takes  to  make  the  circuit  is  noted;  and  as  the  length 
of  the  tube  is  known,  we  can  ea.sily  calculate  the 
velocity  of  the  blood.  The  method  has  very  obvious 
defects  arising  from  the  narrowness  of  the  tube  ;  the 
inti'oduction  of  such  a  tube  otters  new  resistance, 
while  there  aie  no  respiratory  or  pidse-variations 
observable  in  the  sti-eam  in  the  glass  tube. 


I  1 

Fig.  ll'i. 
Ludwig  and  Dogiel's  rheo- 
nieter.    X,  Y,  axis  of 
rotation  :  A,  B,  glass 
bulbs ;   h,  k,  caiuiuLv 
blood  flows  from  artery  to  artery  ;     inserted  in  the  divided 
glass  tube  of  B  ;  c.  c,  caunul;e  for  the     artery  ;    c,  Cj.  rotates 

;  c,  d.  tubes. 

to  357  mm.; 


Volkmann's  hit'madromometer  (B) 
II,  ])lood  mu.st  pass  through  tlie 
divided  artery. 


artery ; 


A^olkmann  found  the  velocity  to  be  in  the  carotid  (dog)  205 
carotid  (horse)  =  306  ;  maxillary  (horse)  =  232  :  metatarsal  =  56  mm.  per  second. 

(2)  C.  Ludwig  and  Dogiel  (1867)  devised  a  "stromuhr"  or  rheometer  for  measur- 
ing the  amount  of  blood  which  passed  through  an  artery  in  a  given  time  (fig.  112). 

It  consists  of  two  glass  bulbs,  A  and  B,  of  exactly  the  same  capacity.  These  bulbs  cora- 
Hlnnicate  with  each  other  above,  their  lower  ends  being  fixed  by  means  'of  the  tubes,  c  and  d, 
to  the  metal  disc,  c,  Cj.  This  disc  rotates  round  the  axis,  X,  Y,  so  that,  after  a  complete  revolu- 
tion, the  tube  c  communicates  with/,  and  d  with  cj  ;  f  and  g  are  provided  with  horizontally  placed 
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caTimiliP,  li  ami  k,  which  are  tied  into  the  ends  of  the  divided  artery.    Tlie  cannula  h  is  fixed 

in  the  central  end.  ami  k  in  the  peripheral  end  of  the  artery  (t'.gr. ,  carotid);  the  bulb,  A,  is 

tilled  with  oil,  and  15  with  detibrinated  blood  ;  at  a  certain  moment  the  communication  through 

h  is  opened,  the  blood  flows  in,  driving  the  oil  before  it,  and  passes  into  B,  while  the  detibrinated 

blood  flows  through  k  into  the  peripheral  part  of  the  artery.    As  soon  as  the  oil  reaches  m — a 

moment  which  is  instantly  noted,  or,  what  is  better,  inscribed  upon  a  revolving  cylinder — the 

bnlbs,  A,  B,  are  rotated  upon  the  axis  X,  Y,  so  that  B  comes  to  occupy  the  position  of  A.  The 

same  experiment  is  repeated,  and  can  he  continued  for  a  long  time.    The  ([uantity  of  blood 

which  passes  in  the  unit  of  time  (1  sec.)  is  calculated  from  the  time  necessary  to  till  the  bulb 

with  blood.    Important  results  are  obtained  by  means  of  this  instrument. 

[Suppose  50  c.cm.  of  blood  are  delivered  in  100  sees.,  then  1  c.cm.  flows  through  in  2  sees. 

Suppose  the  sectional  area  of  the  artery  to  be 'd^  mm.    As  the  velocity  is  measured  by  the  latio 

•      1  ,  5000 

01  the  quantity  to  the  sectional  area,  then  37^4^159  mm.  per  secoiul.] 

[As  peptone  injected  into  the  blood  prevents  it  from  coagulating  (dog),  this  fact  has  been 
turned  to  account  in  using  the  rheometer.] 

(3)  Vierordt's  Haematachometer  (185S)  consists  of  a  small  metal  box  (fig.  113,  I)  with  parallel 
glass  sitles.  To  the  narn)W  sides  of  the  box  are  tittetl  an  inlet  and  an  exit  cannula,  a.  In 
its  interior  is  suspended,  against  the  entrance  opening,  a  pendulum,  p,  whose  vibrations  may  be 
read  off  on  a  curved  scale.  [This  insti  umenl,  as  well  as  Volkmann's  apparatus,  has  only  an 
historical  interest.] 

(4)  Chauveau  and  Lortet's  Dromograph  (1860)  is  constructed  on  the  same  principle.  A  tube 
A,  B  (fig.  113),  of  sulKcient  diameter,  with  a  side  tube  fixed  to  it,  C,  which  can  be  placed  in  con- 
nection with  a  manometer,  is  introduced  into  the  carotid  artery  of  a  horse.  At  a  a  small  piece 
is  cut  out  and  provided  with  a  covering  of  gutta-percha  which  has  a  small  hole  in  it  ;  through 
this  alight  pendulum,  a,  b,  with  a  long  index,  b,  projects  into  the  tube,  i.e.,  into  the  blood- 


Fig. 


11.3. 

I.  Vierordt's  h;Teniatachometer.  A,  glass  ;  c,  entrance  ;  (i,  exit  cannula  ;  ju,  pendulum.  II. 
Dromograph.  A,  B,  tube  inserted  in  artery  ;  C,  lateral  tube  connected  with  a  manometer  ; 
/),  index  moving  in  a  caoutchouc  membrane,  a ;  G,  handle.  III.  Curve  obtained  by 
dromograph. 

current,  which  causes  the  pendulum  to  vibrate,  and  the  extent  of  the  vibrations  can  be  read  ott" 
on  a  scale,  S,  S.  G  is  an  ari'angement  to  pei-mit  the  instrument  to  be  held.  Both  this  and 
the  former  instrument  aic  tested  beforehand  with  a  stream  of  water  sent  through  them  with 
varying  velocities. 

(5)  Cybiilski's  Photohaematachometer. — When  fluid  flows  into  a  tube  (fig.  114,  II,  dc)  in  the 
direction  of  the  arrow,  the  fluid  stands  higher  in  the  manometer  p  than  in  m.  The  tube  m?/ 
indicates  the  lateral  pressure,  but  px  gives  this  plus  the  velocity  of  the  fluid  (p.  89).  The 
velocity  of  the  current  may  be  estimated  from  the  difl'ereiice  in  the  level  in  the  two  tubes. 

Bitot's  tube  as  used  by  Cybulski  is  bent  at  a  right  angle  (I,  cp),  the  end  c  being  inserted  and 
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tied  into  the  central,  and  ^)  into  tlie  ])eriphera],  part  of  a  divided  artery.  As  the  blood  flows 
through  tlie  tub(\  the  blood  rises  higher  in  (/  than  //. 

To  avoid  having  tlu-  manometers  a  and  h  too  long,  they  are  connected  with  each  other  by  a 
capillary  tube  filled  with  air  and  provided  above  witli  a  stop-cock  /.    The  Idood  is  allowed  to 

rise  to  the  height  of  1  and  2,  tlie  stop-cock  / 
is  dosed,  and  practically  an  air-manometer  is 
made,  which  shows  a  marked  difi'erence  in  the 
level  of  tlie  blood  of  the  two  tubes.  The  level 
of  tiie  blood  in  1  and  2  is  continually  changed 
by  the  movements  of  the  heart  and  tho.se  of 
respiration,  and  these  variations  aic  photo- 
graphed by  means  of  a  camera  n  with  a  rapidly 
moving  jilate  /.. 

Fig.  C  sliowij  a  curve  obtained  from 
the  carotid  of  a  dog.  The  velocity  of 
the  current  at  1^-1  =  238  mm.,  in  the 
phase  2i-2  =  225  mm.,  and  at  3j-3  =  177 
mm.  The  velocity  is  greatest  at  the  end 
of  inspiration  and  the  beginning  of  ex- 
piration. Asphyxia  increases  it  at  first. 
Paralysis  of  the  sympathetic  increases 
it,  while  stimulation  of  this  nerve 
diminishes  it.  fSection  of  the  vagi  in- 
creases the  velocity,  while  stimulation 
diminishes  it. 

The  curve  of  the  velocity  may  be  written 
off  on  a  smoked  glass  plate,  moving  parallel 
with  the  index  //.  The  dromograph  curve,  III, 
.shows  the  primary  elevation,  V,  and  the  di- 
crotic elevation  R. 

90.  VELOCITY  OF  THE  BLOOD. 

— (1)  Division  of  Vessels — Arteries. — 

In  estimating  the  velocity  of  the  blood, 
it  is  important  to  remember  that  the 
sectional  area  of  all  the  branches  of  the 
aorta  becomes  greater  as  we  proceed 
from  the  aorta  towards  the  capillaries, 
so  that  the  capillary  area  is  700  times 
greater  than  the  sectional  area  of  the  aorta.  As  the  veins  join  and  form  larger 
trunks,  the  venous  area  gradually  becomes  smaller,  but  the  sectional  area  of  the 

venous  orifices  at  the  heart  is  greater  than  that 
of  the  corresponding  arterial  orifices.  [We  may 
represent  the  result  as  two  cones  placed  base 
to  base  (fig.  115),  the  bases  meeting  in  the 
capillary  area.  The  sectional  area  of  the  ven- 
)v  ous  orifice  (Y)  is  represented  larger  than  that 
of  the  arterial  (A).  The  increased  sectional 
area  influences  the  velocity  of  the  blood- 
current,  while  the  resistance  affects  the  pres- 
sure.] 

The  common  iliacs  are  an  exception  ;  the  sum  of 
o  u  „     r^i  1  »      ,   .  1   t^^^"'  sectional  areas  is  less  than  that  of  the  aorta- 

scheme  of  the  sectional  arca^   A,  arterial,  the  sections  of  the  four  pulmonary  veins  are  together 
and  V,  venous  orihce.  less  than  that  of  the  pulmonary  artery. 

(2)  Sectional  Area. — An  equal  quantity  of  blood  must  pass  through  every  section 
of  the  circulatory  system,  through  the  pulmonic  as  well  as  through  the  systemic 
circulation,  so  that  the  same  amount  of  blood  must  pass  through  the  pulmonary 


iMg.  114. 

I.  Scheme  of  the  photohfematachonieter 
II.  Pitot's  tube. 


Fig.  115. 
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artery  and  aorta,  notwithstanding  the  very  unequal  blood-pressure  in  these  two 
vessels. 

(3)  Lumen. — The  velocity  of  the  current,  therefore,  in  various  sections  of  the 
vessels,  must  be  inversely  as  their  lumen. 

(4)  Capillaries. — ^Hence,  the  velocity  must  diminish  very  considerably  as  "we 
pass  from  the  root  of  the  aorta  and  the  pulmonary  artery  towards  the  capillaries, 
so  that  the  velocity  in  the  capillaries  of  mammals  =  0\"<  millimetre  per  sec; 
frog  =  0-53  mm.  {E.  11.  HVArr) ;  man- 0-6  to  O'O  (C  Yierordt).  According  to 
A.  "W.  Volkmann,  the  blood  in  mammalian  capillaries  flows  500  times  slower  than 
the  blood  in  the  aorta,  so  that  the  total  sectional  area  of  all  the  capillaries  must  be 
oOO  times  greater  than  that  of  the  aorta.  Donders  found  the  velocity  of  the  stream 
in  the  small  afferent  arteries  to  be  10  times  faster  than  in  the  capillaries. 

Veins. — The  current  becomes  accelerated  in  the  veins,  but  in  the  larger  trunks  it 
is  0*5  to  O'To  times  less  than  in  the  corresponding  arteries. 

(5)  Mean  Blood-Pressure. — The  velocity  of  the  blood  does  not  depend  upon  the 
mean  blood-pressure,  so  that  it  may  be  the  same  in  congested  and  in  anaemic  parts 
{Volkmann,  Iltrim/). 

(6)  Difference  of  Pressure. — On  the  other  hand,  the  velocity  in  any  section  of 
a  vessel  is  dependent  on  the  difference  of  the  pressure  which  exists  at  the  com- 
mencement and  at  the  end  of  that  particular  section  of  a  blood-vessel ;  it  depends, 
therefore,  on  (1)  the  vis  a  terno  {i.e.,  the  action  of  the  heart),  and  (2)  on  the  amount 
of  the  resistance  at  the  periphery  (dilatation  or  contraction  of  the  small  vessels). 

Corresponding  to  the  smaller  difference  iuthe  arterial  and  venous  pressure  iu  the  fcetu«  (§  85). 
the  velocity  of  the  blood  is  less  iu  this  case  {Cohnstein  and  Zuntz). 

(7)  Pulsatory  Acceleration. — With  every  puhe-bcat  a  corresponding  acceleration 
of  the  blood-current  (as  well  as  of  the  blood-pressure)  takes  place  in  the  arteries 
(pp.  126,  133).  In  large  vessels,  Yierordt  found  the  increase  of  the  velocity  during 
the  systole  to  be  greater  by  \  to  h  than  the  velocity  during  the  diastole.  The 
variations  in  the  velocity  caused  by  the  heart-beat  are  recorded  in  fig.  113,  obtained 
by  Chauveau's  dromograph  from  the  carotid  of  a  horse.  The  velocity  curve  corre- 
sponds with  a  sphygmogram — P  represents  the  primary  elevation  and  R  the 
dicrotic  wave.  This  acceleration,  as  well  as  the  pulse,  disappears  in  the  capillaries. 
A  pulsatory  acceleration,  more  rapid  during  its  first  phase,  is  observable  in  the 
small  arteries,  although  the  arteries  themselves  are  not  distended  thereby. 

(8)  Respiratory  Effect. — Every  in.'ipi ration  retards  the  velocity  in  the  arteries, 
every  expiration  aids  it  somewhat ;  but  the  value  of  these  agencies  is  very  small. 

If  we  compare  what  has  alread}'  been' .said  regarding  the  effect  of  the  respiration  on  the  con- 
traction and  dilatation  of  the  heart  and  on  the  blood-stream  (S  60),  it  is  clear  that  respiration 
favours  the  blood-stream,  and  so  does  artificial  respiration.  When  artificial  respiration  is  inter- 
rupted, the  blood-stream  becomes  slower  {Doc/ielj.  If  the  suspension  of  respiration  lasts  some- 
what longer,  the  current  is  again  accelerated  on  account  of  the  dj'spnojic  stimulation  of  the 
vaso-motor  centre  {Hcidcnhain)  (§  371,  I.). 

(9)  Modifying  Conditions. — Many  circimistances  affect  the  velocity  of  the  blood 
in  the  veins.  (1)  There  are  regular  variations  in  the  large  veins  near  the  heart 
due  to  the  respiration  and  the  movements  of  the  heart  {%  r)0  and  CO).  (2)  Irrer/ular 
variations  due  to  pressure.,  e.g..,  from  contracting  muscles  (§  '61),  friction  on  the 
skin  in  the  direction  or  against  the  direction  of  the  venous  current ;  the  po.situ»i 
of  a  limb  or  of  the  body.  The  pump-like  action  of  the  veins  of  the  groin  on 
moving  the  leg  has  been  referred  to  (>^  87).  AVhen  the  lower  limb  is  extended  and 
rotated  outwards,  the  femoral  vein  in  the  iliac  fossa  collapses,  owing  to  an  internal 
negative  pressure  ;  when  the  thigh  is  flexed  and  raised,  it  fills  under  a  positive 
pressure  {Braune).    A  similar  condition  obtains  iu  walking. 

91.  CAPACITY  OF  THE  VENTRICLES.— Vierordt  calculated  the  capacity  of  the  left 
ventricle  from  the  velocity  of  the  blood-stream,  ami  the  amount  of  blooil  discharged  per  second 
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by  the  right  carotid,  right  subclavian,  the  two  coronary  arteries,  and  the  aorta  below  the  origin 
of  the  innominate  artery.  He  estimated  that  with  every  systole  of  the  heart,  172  cubic  centi- 
metres (equal  to  180  gianiines)  of  blood  were  discharged  into  the  aorta;  this,  thcrefoi-e,  must  be 
the  capacity  of  the  left  ventricle  (compare  §  83). 

92.  THE  DURATION  OF  THE  CIRCULATION.— The  time  required  by  the 
blood  to  make  a  complete  circuit  through  the  course  of  the  circulation  was  first  de- 
termined by  Hering  (1829)  in  the  horse.  He  injected  a  2  per  cent,  solution  of  potas- 
sium ferrocyanide  into  a  special  vein,  and  ascertained  (by  means  of  ferric  chloride) 
when  this  substance  appeared  in  the  blood  taken  from  the  corresponding  vein  on  the 
opposite  side  of  the  body.  The  ferrocyanide  may  also  be  injected  into  the  central 
or  cardiac  end  of  the  jugular  vein,  and  the  time  noted  at  which  its  presence  is 
detected  in  the  blood  of  the  peripheral  end  of  the  same  vein.  Vierordt  (1858) 
improved  this  method  by  placing  under  the  corresponding  vein  of  the  opposite  side 
a  rotating  disc,  on  which  was  fixed  a  number  of  cups  at  regular  intervals.  The 
first  appearance  of  the  potassium  ferrocyanide  is  detected  by  adding  ferric  chloride 
to  the  serum  which  separates  from  the  samples  of  blood  after  they  have  stood  for 
a  time.    The  duration  of  the  circulation  is  as  follows  : — 

Horse,  .  .  31  "5  seconds.  I  Hedgehog,  .  7  "61  seconds.  ]  Duck.  .  .  10 '64  seconds. 
Dog,      .       .    16-7      .,       I    Cat,    .       .    6-69      ,,  Buzzard,       .    673  ., 

Rabbit,  .       .      779    ,,       !    Goose,        .  10-86      ,,       |    Fowl,    .       .    5-17  ,, 

Results. — When  these  numbers  are  compared  with  the  frequency  of  the  normal 
pulse-beat  in  the  corresponding  animals,  the  following  deductions  are  obtained  : — 

(1)  The  mean  time  required  for  the  circulation  is  accomplished  during  27  heart- 
beats, i.e.,  for  man  =  32"2  seconds,  supposing  the  heart  to  beat  72  times  per 
minute. 

(2)  Generally,  the  mean  time  for  the  circulation  in  two  warm-blooded  animals 
is  inversely  as  the  frequency  of  the  pulse-beats. 

Modifying  Conditions. — The  time  is  influenced  by  the  following  factors  : — 

1.  Long  vascular  channels  (e.g.,  from  the  metatarsal  vein  of  one  foot  to  the  other  foot)  re- 
quire a  longer  time  than  short  channels  (as  between  the  jugulars).  The  difi'ereiice  may  be  equal 
to  10  per  cent,  of  the  time  required  to  complete  the  entire  circuit. 

2.  In  young  animals  (with  shorter  vascular  channels  and  higher  pulse-rate)  the  time  is 
shorter  than  in  old  animals. 

3.  Eapid  and  energetic  cardiac  contractions  (as  during  muscular  exercise)  diminish  the  time. 
Hence  rapid  and  at  the  same  time  less  energetic  contractions  (as  after  section  of  both  vagi),  and 
slow  but  vigorous  systoles  {e.g.,  after  slight  stimulation  of  the  vagus),  have  no  effect. 

C.  Vierordt  estimated  the  quantity  of  blood  in  a  man,  in  the  following  manner  :— In  all 
warm-blooded  animals,  27  systoles  correspond  to  the  time  for  completing  the  circulation. 
Hence,  the  total  mass  of  the  blood  must  be  equal  to  27  times  the  capacity  of  the  ventricle,  i.e., 
in  man,  187-5  grms.  x  27  =  5062-5  grnis.  This  is  equal  to  j\j  of  the  body-weight  in  a  persoji 
weighing  65-8  kilos,  (compare  §  49). 

It  is  not  to  be  forgotten  that  the  salt  used  is  to  some  extent  poisonous,  but  Hermann  uses  the 
<;orres]»oiiding  innocuous  soda  salt  (25  per  cent). 

Pathological.— The  duration  of  the  circulation  seems  to  be  increased  duiin<^  septic  fever 
IVolff).  '  ^ 

93.  WORK  OF  THE  HEART.— The  left  ventricle  expels  0-188  kilo,  of  blood 
with  each  systole,  and  in  doing  so  it  overcomes  the  pressure  in  the  aorta,  which  is 
equal  to  a  column  of  blood  3-21  metres  in  height.  [The  amount  of  blood  expelled 
from  each  ventricle  during  the  systole  is  about  180  grms.  (6  oz.).  It  is  forced  out 
against  a  pressure  of  2.50  mm.  Hg.  =  3-21  metres  of  blood.]  The  work  of  the  heart 
at  each  systole  is  0-188  x  3*21  =0-604  kilogramme-metre.  If  the  number  of  beats 
=  75  per  minute,  then  the  work  of  the  left  ventricle  in  24  hours  =  (0*604  x 
7b  X  60  X  24)  =  65,230  kilogramme-metres  ;  while  the  "  work  "  done  by  the  riqhf 
ventricle  is  about  one-third  that  of  the  left,  and  therefore  =  21,740  kiloo-ramme- 
metres.  Both  ventricles  do  work  equal  to  86,970  kilogramme-metres.  A  workman 
during  eight  hours  produces  300,000  kilogramme-metres,  i.e.,  about  four  times  as 
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inuch  as  the  heart.  As  the  whole  of  the  work  of  the  heart  is  consumed  in  over- 
coming the  resistance  within  the  circulation,  or  rather  is  converted  into  heat, 
the  body  must  be  partly  warmed  thereby — (425-5  gramme-metres  are  equal  to  1 
heat-unit,  i.e.,  the  force  required  to  raise  425*5  grarnmes  to  the  height  of  1  metre 
may  be  made  to  raise  the  temperature  of  1  cubic  centimetre  of  water  V  C).  So 
that  204,000  heat-units  "  are  obtained  from  the  transformation  of  the  kinetic 
energy  of  the  heart. 

One  gramme  of  coal  when  burned  yields  8080  heat-units,  so  that  the  heart  yields 
as  much  energy  for  heating  the  body  as  if  about  25  grammes  of  coal  were  burned 
within  it  to  jjroduce  heat. 

94.  BLOOD-CURRENT  IN  THE  SMALLER  VESSELS.— Methods.  —  The 

jnost  important  observations  for  this  purpose  are  made  by  means  of  the  microscope 
on  transparent  parts  of  living  animals.  Malpighi  was  the  first  to  observe  the  cir- 
■culation  in  this  way  in  the  lung  of  a  frog  (1661). 

The  following  parts  have  been  employed  :— The  tails  of  tadpoles  and  small  fishes;  the  web, 
tongue,  mesentery,  and  Inngs  of  eiirarised  iVogs  ;  the  wing  of  the  bat  ;  the  third  eyelid  of  the 
pigeon  or  fowl ;  the  mesentery  ;  the  vessels  of  the  liver  of  frogs  and  newts,  pia  mater  of  rabbits, 
the  skin  on  the  belly  of  the  frog,  the  mucons  membrane  of  the  inner  surface  of  the  human  lip 
{Hiiter's  Cheilangioscope,  1879);  the  conjunctiva  of  the  eyeball  and  eyelids.  All  these  may  be 
examined  by  reflected  light. 

[Holmgren's  Method  — In  studying  the  circulation  in  the  frog's  lung,  it  must  be  inflated. 
A  cannula  with  a  bulge  on  its  free  end  is  placed  in  the  larynx,  while  to  the  other  end  is  fixed  a 
piece  of  caoutchouc  tubing.  The  lung  is  inflated  and  then  the  caoutchouc  tube  is  closed,  after 
which  the  lung  is  placed  iu  a  chamber  with  glass  above  and  below,  a)id  examined  microscopic- 
ally.] 

[Entoptical  appearances  of  the  circulation  (Furkinje,  1815).  Under  certain  conditions  a 
person  may  detect  the  movement  of  the  blood-corpuscles  within  the  blood-vessels  of  his  own 
eye.  The  best  method  is  that  of  Rood,  viz.,  to  look  at  the  sky  through  a  dark  blue  glass,  or 
through  several  pieces  of  cobalt  glass  placed  over  each  other  {Helmholfz).] 

Form  and  Arrangement  of  Capillaries. — Regarding  the  form  and  arrangement  of  the  capil- 
laries, we  find  that — 

1.  The  diameter  which,  in  the  finest,  jjcrmits  only  the  passage  of  single  corpuscles  in  a  row — 
•one  behind  the  otlier — may  vary  from  5  yn  to>2  (jl,  so  that  2  or  more  corpuscles  maj'^  move  abreast 
when  the  capillary  is  at  its  widest. 

2.  The  Zc/i(^/A  is  about  0  "5  mm.    They  terminate  in  small  veins. 

•3.  The  nicmbcr  is  very  variable,  and  the  capillaries  are  most  numerous  in  those  tissues  where 
the  metabolism  is  most  active,  as  in  lungs,  liver,  muscles — less  numerous  in  the  sclerotic  and  iu 
the  nerve-trunks. 

4.  They  form  numerous  anastomoftes,  and  give  rise  to  networks,  whose  form  and  arrangement 
ure  largely  determined  by  the  arrangement  of  the  tissut;  elements  themselves.  They  form 
simple  loops  in  the  skin,  and  polygoiuil  networks  in  the  serous  membranes,  and  on  the  surface 
of  many  gland  tubes  ;  they  occur  in  the  form  of  elongated  networks,  with  short  connecting 
branches  in  muscle  and  nerve,  as  well  as  between  the  straight  tubules  of  the  kidney  ;  they  con- 
verge radially  towards  a  central  point  in  the  lobules  of  the  liver,  and  form  urrhen  in  the  free 
margins  of  the  iris,  and  on  the  limit  of  the  sclerotic  and  cornea. 

[Direct  Termination  of  Arteries  in  Veins. — Arteries  sometimes  bMininate  din^ctly  in  veins, 
without  the  intervention  of  capillaries,  e.g.,  in  the  ear  of  the  rabbit,  iu  the  tci  niinal  phalanges 
of  the  fingers  and  toes  in  man  and  some  animals,  in  the  cavernous  tissue  of  the  penis.  They 
may  be  regarded  as  secondary  channels  which  protect  the  circulation  of  adjacent  parts,  and  they 
may  also  be  related  to  the  heat-regulating  mechanisms  of  peripheral  parts  {Hoyer).] 

In  connection  with  Ihe  termination  of  arteries  in  capillaries,  it  is  imjuirtant  to  nsccrtain  if  the 
arterioles  are  terminal  arteries,  i.e.,  if  they  do  not  form  any  further  anastomoses  with  other 
similar  arterioles,  but  terminate  directly  in  capillaries,  and  thus  only  communicate  by  capillaries 
with  neighbouring  arterioles — or  the  arteries  may  anastomose  with  other  arteries  just  before 
they  break  up  into  capillaries.  This  distinction  is  important  in  connection  with  the  nutrition 
of  parts  supplied  by  such  arteries  {Cohnhcim). 

Capillary  Circulation. — On  observing  the  capillary  circulation,  we  notice  that 
the  red  corpuscles  move  only  in  the  axis  of  the  current  (axial  current),  while  the 
lateral  transparent  plasma-current  flowing  on  each  side  of  this  central  thread  is 
free  from  these  corpuscles.  [The  axial  current  is  the  more  rapid.]  This  plasma 
layer  or  "  Poiseuille's  space  "  is  seen  in  the  smallest  arteries  and  veins,  where  f  are 
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taken  ui»  with  the  axial  current,  and  the  plasma  layer  occupies  I  on  each  side  of  it 
(fig.  116).  A  great  many,  but  not  all,  of  the  colourless  corpuscles  move  in  this 
layer.  It  is  much  less  distinct  in  the  capillaries.  Eud.  Wagner  stated  that  it  is 
absent  in  the  finest  vessels  of  the  lung  and  gills,  [although  Gunning  was  unable  to 
confirm  this  statement].  The  coloured  corpuscles  move  in  the  smallest  capillaries 
in  sini/Ze  jilr  one  after  the  other  :  in  the  larger  vessels,  several  corpuscles  may 
move  abreast,  with  a  glidiwj  motion,  and  in  their  course  they  may  turn  over  and 
even  be  twisted  if  any  obstruction  is  offered  to  the  blood-stream.  As  a  general 
rule,  in  these  vessels  the  movement  is  uniform,  but  at  a  sharp  bend  of  the  vessel  it 
may  partly  be  retarded  and  partly  accelerated.  Where  a  vessel  divides,  not 
unfrequently  a  corpuscle  remains  upon  the  pi'ojecting  angle  of  the  division,  and  is 
doubled  over  it  so  that  its  ends  project  into  the  two  branches  of  the  tube.  There  it 
may  remain  for  a  time,  until  it  is  dislodged,  when  it  soon  regains  its  original  form  oit 
account  of  its  elasticity.  Xot  unfrequently  we  see  a  red  corpuscle  becoming  bent 
where  two  vessels  meet,  but  on  all  occasions  it  rapidly  regains  its  original  form. 
This  is  a  good  proof  of  the  elasticity  of  the  coloured  corpuscles.  The  motion 
of  the  colourless  corpuscles  is  quite  different  in  character ;  they  roll  directly 
on  the  vascuhir  vail,  moistened  on  their  peripheral  zone  by  the  [Jasraa  in 
Poiseuille's  space,  their  other  surface  being  in  contact  with  the  thread  of  coloured 
corpuscles  in  the  centre  of  the  stream.  Schklarewsky  (1868)  has  shown  by 
physical  experiments,  that  the  particles  of  least  specific  gravity  in  all  capillaries 
{e.g.,  of  glass)  are  pressed  toward  the  wall,  while  those  of  greater  specific  gravity 
remain  in  the  middle  of  the  stream.  [Graphite  and  particles  of  carmine  were  sus- 
pended in  water,  and  caused  to  circulate  through  capillary  tubes  placed  under  a 
microscope,  when  the  graphite  kept  the  centre  of  the  stream,  and  the  carmine 
moved  in  the  layer  next  the  wall  of  the  tube.] 

When  the  colourless  corpuscles  reach  the  wall  of  the  vessel,  they  must  roll  along, 
partly  on  account  of  their  surface  being  sticky,  whereby  they  readily  adhere  to  the 
vessel,  and  partly  because  one  surface  is  directed  towards  the  axis  of  the  vessel 
where  the  movement  is  most  rapid,  and  where  they  receive  impulses  directly  from 
the  rapidly  moving  coloured  blood-corpuscles  {Danders).  The  rolling  motion  is  not 
always  uniform,  not  unfrequently  it  is  retrograde  in  direction,  w^hicli  seems  to  be 
due  to  an  irregular  adhesion  to  the  vascular  wall.  Their  slower  movement  (10  to 
1 2  times  slower  than  the  red  corpuscles)  is  partly  due  to  their  stickiness,  and  partly 
to  the  fact  that,  as  they  are  placed  near  the  wall,  a  large  part  of  their  surface  lies  in 
the  peripheral  threads  of  the  fluid,  which  of  course  move  more  slowly  (in  fact  the 
layer  of  fluid  next  the  Avail  is  passive — p.  91). 

[D.  J.  Hamilton  finds  that,  when  a  frog'.s  web  is  examined  in  a  vertical  position,  by  far  the 
greater  Y>roportion  of  leucocytes  float  on  the  upper  surface,  and  only  a  few  on  the  lower  surface, 
of  a  small  blood-vessel.  In  experiments  to  determine  why  the  coloured  corpuscles  float  or  <dide 
exclusively  in  the  axial  stream,  while  a  great  many,  but  not  all,  of  the  leucocytes  roll  in  the 
peripheral  layers.  Hamilton  ascertained  that  the  nearer  the  suspended  body  approaches  to  the 
.specific  gravity  of  the  liquid  in  which  it  is  immersed,  the  more  it  tends  to  occupy  tlie  centre  of 
the  stream.  He  is  of  opinion  that  the  phenomenon  of  the  separation  of  the  blooil-corpu-scles  in 
the  circulating  fluid  is  due  to  the  colourless  corpuscles  being  sjjecifically  lighter,  and  the  coloured 
either  of  the  same  or  of  very  slightly  greater  specific  gravity,  than  the  blood-])lasma.  Hamilton 
controverts  the  statement  of  Schklarewsky,  and  he  finds  that  it  is  the  relative  specific  fravitv 
of  a  body  which  ultimately  determines  its  position  in  a  tube.  These  experiments  poinfto  the 
immense  importance  of  a  due  relation  subsisting  between  the  specific  gravity  of  the  blood-plasma 
and  that  of  the  corpu.scles.] 

In  the  vessels  first  formed  in  the  incubated  egg,  as  well  as  in  young  tadpoles,  the  movement 
of  the  blood  from  the  heart  occurs  in  jerks  (Spallan-Mni,  1768). 

The  velocity  of  the  blood-stream  is  influenced  by  the  diameter  of  the  vessels,  which 
periodic  changes  of  calibre.    This  change  occurs  not  only  in  vessels  pro- 
vided with  muscular  fibres,  but  also  in  the  capillaries,  which  vary  in  diameter 
owing  to  the  contraction  of  the  cells  composing  their  walls  ([>.  96).  ^ 
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The  amount  of  water  in  the  blood  is  of  importance ; 
circulation  is  facilitated  and  accelerated  (§  62). 

The  velocity  of  the  blood  is  greater  in  the  pulmonary  than  in  the  systemic 
capillaries  ;  so  that  the  total  sectional  area  of  the  pulmonary  capillaries  is  less  than 
that  of  all  the  systemic  capillaries. 

95.  DIAPEDESIS.— If  the  eircuUitiou  be  studied  in  the  vessels  of  the  mesentery,  we  may 
observe  colourless  corpuscles  passing  out  of  the  vessels  in  greater  or  less  num])ers  (fig.  116). 
Ihe  mere  contact  with  the  air  suffices  to  excite  slight  infiammation.  At  first,  the  colourless 
corpuscles  m  the  plasma-space  move  more  slowlv  ;  several  accumulate  neai-  each  other,  and 
adhere  to  the  walls— soon  they  bore  into  the  wall,  ultimately  thev  pass  quite  through  it,  ami  may 
wander  for  a  distance  into  the  perivascular 
tissues.  It  is  doubtful  whether  they  pass 
through  the  so-called  "stomata"  which  exist 
between  the  endothelial  cells,  or  whetiier  they 
simply  pass  through  the  cement  substance  be- 
tween tlie  endothelial  cells  (p.  94).  This  pro- 
cess is  called  diapedesis,  and  consists  of  several 
acts  : — (rt)  The  atlhesion  of  lymph-cells  or 
colourless  corpuscles  to  the  inner  surface  of  the 
vessel  (after  moving  more  slowly  along  tlie  wall 
up  to  this  point),  {h)  They  send  processes  into 
and  through  the  vascular  wall,  (f)  The  body 
of  the  cell  is  drawn  after  or  follows  the  proces.ses. 
^^  hereby  the  corpuscle  appears  constricted  in 
the  centre  (fig.  116,  c).  {d)  The  complete 
pas.sage  of  the  corpuscle  through  the  wall,  and 
its  fiuther  motion  in  virtue  of  its  own  aniieboid 
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corpuscles  passed  into  the  spaces,  hence  cells 
are  found  in  lymph  before  it  ha,s  passed  through 
lymphatic  glands.  The  cause  of  the  diapedesis 
is  partly  due  to  the  independent  locomotion  of 
the  corpuscles,  and  it  is  i)artly  a  physical  act. 
viz..  a  filtration  of  the  colloid  mass  of  the  cell  under  t)ie  force  of  the  blood-pressure  [Hcring)— 
in  the  latter  respect  depending  upon  the  intravascular  pressure  and  the  velocity  of  the  blood- 
stream. Hering  regards  this  process,  and  even  the  passage  of  the  coloured  corjiuscles  through 
the  vascular  wall,  as  a  normal  process.  The  red  corpuscles  pass  out  of  the  vessels  when  the 
venous  outflow  is  obstructed,  which  also  causes  the  tiansudation  of  plasma  through  the  vascular 
wall.  The  plasma  carries  the  coloured  corpuscles  along  with  it,  and  at  the  moment  of  their 
passage  through  the  wall  they  assume  extraoi'tlinary  shapes,  owing  to  the  tension  put  upon 
them,  regaining  their  shape  as  soon  as  they  pass  out  {Cohnheim).  This  remarkable  phenomenon 
was  described  by  Waller  in  1846.  It  was  re-described  by  Cohidicim,  and  acconling  to  him  the 
out-wandering  is  a  sign  of  inflammation,  and  the  colourless  corpuscles  which  accumulate  in  the 
tissues  are  to  be  regarded  as  true  pns-corpuscles,  which  nuiy  undergo  further  increase  by  division. 

Stasis.— When  a  strong  stimulus  acts  on  a  vascular  part,  liyperuMnic  redvess  and  swellinfj 
occur.  Microscopic  observation  shows,  that  the  capillaries  and  the  small  vessels  are  dilated  and 
overfilled  with  blood-corpuscles  ;  in  some  cases,  a  temporary  narrowing  precedes  the  dilatation  ; 
simultaneously  the  velocity  of  the  stream  changes,  rarely  there  is  a  temporaiy  acceleration, 
viorc  frequently  if.  hecomes  sloicer.  If  the  action  of  the  stimulus  or  irritant  be  continued,  the 
retardation  becomes  consiikuable,  the  stream  moves  in  jerks,  then  follows  a  to-and-fro  move- 
ment of  the  blood-column — a  sign  that  stagnation  has  taken  place  in  other  vascular  areas.  At 
last  the  blood-stream  comes  completely  to  a  standstill — stasis — and  the  blood-vessels  ai  e  ]dugged 
with  blood-corpuscles.  Numerous  colourless  blood-corpuscles  are  found  in  the  stationary  blood. 
Whilst  these  various  processes  are  taking  place,  the  colourless  corpuscles — more  rarely  the  red 
— pass  out  of  the  vessels.  Under  favourable  circumstances  the  stasis  may  disappear.  The 
swelling  which  occurs  in  the  neighbourhood  of  inflamed  parts  is  chiefly  due  to  the  exudation 
of  plasma  into  the  surrounding  tissues. 

96.  MOVEMENT  OF  THE  BLOOD  IN  THE  VEINS.— In  the  smallest 
veins  coming  from  the  capillaries,  the  blood-stream  is  more  rapid  than  in  the 
capillaries  themselves,  but  less  so  than  in  the  corresponding  arteries.  The  stream 
is  uniform,  and  if  no  other  conditions  interfered  with  it,  the  venous  stream 
towards  the  heart  ought  to  be  uniform,  but  many  circumstances  aifect  the  stream 
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in  different  parts  of  its  course.  Amongst  these  are  :— (1)  The  relative  laxness, 
great  distenxibiliiy,  and  the  ready  rompressibility  of  the  walls,  even  of  the  thickest 
veins.  (2)  The  incomplete  filling  of  the  veins,  which  does  not  amount  to  any  con- 
siderable distension  of  their  walls.  (3)  The  numerous  and  free  anastomoses  between 
adjoining  veins,  not  only  between  veins  lying  inUhe  same  plane,  but  also  between 
superficial  and  deep  veins.  Hence,  if  the  course  of  the  blood  be  obstructed  in  one 
direction,  it  readily  finds  another  outlet.  (4)  The  presence  of  numerous  valves 
which  permit  the  blood-stream  to  move  only  in  a  centripetal  direction.  They  are 
absent  from  the  smallest  veins,  and  are  most  numerous  in  those  of  middle  size. 

Position  of  Valves. — The  venous  valves  always  have  two  pouches,  ami  are  placed  at  definite 
intervals,  which  correspond  to  the  1,  2,  3,  or  n'^  power  of  a  certain  "fundamental  distance," 
which  is  =  7  mm.  for  the  lower  extremity  and  5  "5  mm.  for  the  upper.  Many  of  the  original 
valves  disappear.  On  the  pro.ximal  side  of  every  valve  a  lateral  bi'anch  opens  into  the  vein, 
while  on  the  ilistal  side  of  each  branch  lies  a  valve.  The  same  is  true  for  the  lymphatics 
(AT.  Bardchben). 

Effect  of  Pressure. — As  soon  as  pressure  is  applied  to  the  veins,  the  next  lowest 
valves  close,  and  those  immediately  above  the  seat  of  pressure  open  and  allow  the 
blood  to  move  freely  toward  the  heart.  The  pressure  may  be  exerted  from  imthont, 
as  by  anything  placed  against  the  body  ;  the  thickened  contracted  muscles,  especially 
the  muscles  of  the  limbs,  compress  the  veins.  That  the  blood  flows  out  of  a 
divided  vein  more  rapidly  when  the  muscles  contract,  is  shown  during  venesection. 
If  the  muscles  are  kept  contracted,  the  venous  blood  passing  out  of  the  muscles 
collects  in  the  passive  parts,  e.g.,  in  the  cutaneous  veins.  The  pulsatile  pressure  of 
tbe  arteries  accompanying  the  veins  favours  the  venous  current.  From  a  hydro- 
static point  of  view  the  valves  are  of  considerable  importance,  as  they  serve  to 
divide  the  column  of  blood  into  segments  {e.g.,  in  the  crural  vein  in  the  erect 
attitude),  so  that  the  fine  blood-vessels  in  the  foot  are  not  subjected  to  the  whole 
amount  of  the  hydrostatic  pressure  in  the  veins. 

The  velocity  of  the  venous  blood  has  been  measured  directly  (with  the  hiemadromometer  and 
the  rheometer — §  89),  Volkniann  found  it  to  be  225  mm.  per  sec.  in  the  jugular  vein.  Reil 
observed  that  2|  times  more  blood  flowed  from  an  arterial  orifice  than  from  a  venous  orifice  of 
the  same  size.  The  velocity  of  the  venous  current  obviously  depends  upon  the  sectional  area  of 
the  vessel.  Borelli  estimated  the  capacity  of  the  venous  system  to  be  4  times  greater  than  that 
of  the  arterial ;  while,  according  to  Haller,  the  ratio  is  9  to  4. 

Large  Veins. — As  we  proceed  from  the  small  veins  towards  the  venae  cavae,  the 
sectional  area  of  the  veins,  taken  as  a  whole,  becomes  less,  so  that  the  velocity  of  the 
current  increa.^es  in  the  same  ratio.  The  velocity  of  the  current  in  the  ventB  cavse 
may  be  about  half  of  that  in  the  aorta  (Haller).  As  the  pulmonary  veins  are 
narrower  than  the  pulmonary  artery,  the  blood  moves  more  rapidly  in  the  former. 

97.  SOUNDS  WITHIN  ARTERIES. —The  sounds  produced  within  arteries  are,  speakincr 
strictly  from  a  physical  point  of  view,  only  noises  or  bruits.  Still,  following  Skoda's  lead,  they 
are  spoken  of  by  physicians  as  "tones."  Clinically,  there  is  no  sharp  distinction  between 
"tones,"  sounds,  noises,  or  bruits.  In  four-fifths  of  all  healthy  men  two  sounds— correspond- 
ing in  duration  and  other  characters  to  the  two  heart-sounds— are  heard  in  the  carotid  [Conrad, 
JVcil).  Sometimes  only  the  second  heart-sound  is  distinguishable,  as  its  place  of  origin  is  near 
to  the  carotid.  They  are  not  true  arterial  sounds,  but  are  simply  "propagated  heart-sounds." 
Sometimes  the  sound  of  the  pulmonary  artery  can  be  heard  in  this  way  (  Weil,  Bcttdhcim). 
These  murmurs,  sounds,  or  bruits  occur  either  spontaneously,  or  are  produced  by  the  application 
of  c.ftcrnal  pressnrr,  whereby  the  lumen  of  the  vessel  is  diminished.  Hence  one  distinc'uishes  • 
(1)  Spontaneous  Murmurs,  and  (2)  Pressure  Murmurs.  ° 

Arterial  Sounds  or  murmurs  are  readily  produced  by  pressing  upon  a  strono- 
artery,  e.g.,  the  crural  in  the  inguinal  region,  so  as  to  leave  only  a  narrow  passage 
for  the  blood  ("  stenosal  murmur").  A  fine  blood-stream  passes  with  great 
rapidity  and  force  through  this  narrow  part,  into  a  wider  portion  of  the  artery 
lying  behind  the  point  of  compression.  Thus  arises  the  "pressure-stream" 
{P.  Xiemeyer),  or  the  "  fluid  vein  "  ("  veine  fluide  "  of  Chauveau),    The  particles 
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of  the  Huid  are  thrown  into  rapid  oscillation,  and  undergo  vibratory  movements,  and 
by  their  movements  produce  the  sound  within  the  peripheral  dilated  portion  of  the 
tube.  A  sound  is  produced  in  the  fluid  by  pressure  {Coiiigan).  The  sounds  are 
not  caused  by  vibrations  of  the  vascular  wall,  as  supposed  by  Bouillaud. 

A  niunmir  of  this  sort  is  the  "sub-clavicular  murmur"  (Jioser),  occasionally  heard  during 
systole  in  the  subclavian  artery ;  it  occurs  when  the  two  layers  of  the  pleura  adhere  to  the  apex 
of  the  lung  (especially  in  tubercular  diseases  of  the  lungs),  whereby  the  subclavian  artery 
undergoes  a  local  constriction  due  to  its  being  made  tense  and  slightly  curved  {Friedreich). 
This  result  is  imlicated  in  a  diminution  or  absence  of  the  pulse-wave  in  the  radial  artery  ( Weil). 

It  is  obvious  that  arterial  murmurs  will  occur  in  the  human  body: — (a)  When,  owing  to 
pathological  conditions,  the  arterial  tube  is  dilated  at  one  part,  into  which  the  blood-current  is 
forcibly  poured  from  the  normal  narrow  tube.  Dilatations  of  this  sort  are  called  aneurisms, 
in  which  nuirmurs  ari'  generally  audible.  (h)  When  pressm-e  is  exerted  upon  an  artery, 
e.g.,  by  the  pressure  of  the  greatly  enlarged  arteries  during  pregnancy,  or  by  a  large  tumour 
pressing  upon  a  large  artcrj-. 

Spontaneous  Murmurs. — In  cases  where  no  source  of  external  pressure  is  discoverable,  and 
when  no  aneurism  is  present,  the  spontaneously  occurring  sounds  are  favoured,  when  at  the 
moment  of  arterial  rest  icardiac  systole)  the  arterial  walls  are  distended  to  the  slightest  extent, 
and  when  during  the  movement  of  the  pulse  (cardiac  diastole)  the  tension  is  most  rapid  ( Tra^tSc, 
Weil),  i.e.,  when  the  low  sj'stolic  minimum  tension  of  the  arterial  wall  passes  rapidly  into  the 
high  maximum  tension.  This  is  especially  the  case  iu  insufficiency  ot  the  aortic  valves,  in 
which  case  the  sounds  in  the  arteries  are  audible  over  a  wide  area.  If  the  minimum  tension  of 
the  arterial  wall  is  relatively  great,  even  during  diastole,  the  sounds  in  the  arteries  are  greatly 
diminished. 

Arterial  murmurs  are  favoured  by — (1)  SufHcient  delicacy  and  elasticity  of  the 
arterial  walls.  (2)  Diminished  peripheral  resistance,  e.g.,  an  easy  outflow  of  the 
fluid  at  the  end  of  the  stream.  (3)  Accelerated  current  in  the  vascular  system 
generally.  (4)  A  considerable  difference  of  the  pressure  in  the  narrow  and  w^ide 
portions  of  the  tube.    (5)  Large  calibre  of  the  arteries. 

In  normal  i)ulsating  arteries,  sounds  may  be  heard  especially  at  an  acute  bend  of  the  artery. 
Murmurs  of  this  sort  are  loudest  where  several  large  arteries  lie  together;  hence,  during 
pregnancy,  we  hear  the  i< ferine  murinur,  or  placental  bruit,  or  souffle  in  the  greatly  dilated 
uterine  arteries.  It  is  much  less  distinct  in  the  umbilical  arteries  of  the  cord  (umbilical 
murmurs).  Similar  sounds  are  heard  through  the  thin  walls  of  the  head  of  infants,  and  a 
murmur  is  sometinu's  heard  in  the  enlarged  spleen  in  ague  {Maissurianz). 

Auscultation  of  the  Normal  Pulse.  — On  auscultating  the  radial  artery  under  favourable  cir- 
cumstances, and  especially  in  old  thin  persons  with  wide  arteries  and  dicrotic  pulse,  one  maj' 
hear  two  sounds  corresponding  to  the  primary  and  dicrotic  waves. 

In  insufficiency  of  the  aortic  valves,  characteristic  sounds  may  bo  heard  in  the  crural  arterj'. 
If  pressure  be  exerted  upon  the  artery,  a  double  blowing  murmur  is  heard  ;  the  tirst  one  is  due 
to  a  large  mass  of  blood  being  propelled  into  the  artery  synchronously  with  the  heart-beat,  the 
second  to  the  fact  that  a  large  quantity  of  blood  flows  back  into  the  heart  during  diastole.  If 
no  pressure  be  exercised  two  sounds  arc  heard,  and  these  seem  to  be  due  to  a  wave  propagated 
into  the  arteries  by  the  auricles  and  ventricles  respectively — compare  §  73,  tig.  86,  111.  In 
atheroma  a  double  sound  may  sometimes  be  heard  (§  73,  2). 

98.  VENOUS  MXTRMTJnS.— I.  Bruit  de  Diable.— This  sound  is  heard  above 
the  clavicles  in  the  furrow  between  the  two  heads  of  the  sterno-mastoid,  most 
frequently  on  the  right  side,  and  in  40  per  cent,  of  all  persons  examined.  It  is 
either  a  continuous  or  a  rhythmical  murmur,  occurring  during  the  diastole  of  the 
heart  or  during  inspiration  ;  it  has  a  w'histling  or  rushing  character,  or  even  a 
musical  quality,  and  arises  within  the  bulb  of  the  common  jugular  vein.  When 
this  sound  is  heard  without  pressure  being  exerted  by  the  stethoscope,  it  is  a 
pathological  phenomenon.  If,  however,  pressure  be  exerted,  and  if,  at  the  same 
time,  the  person  examined  turn  his  head  to  the  opposite  side,  a  similar  sound  is 
heard  in  nearly  all  cases.  The  pathological  bruit  th  (liable  occurs  especially  in 
aucjemic  persons,  in  lead  poisoning,  in  syphilitic  and  scrofulous  persons,  sometimes 
ill  young  persons,  and  less  frequently  in  elderly  people.  Sometimes  a  thrill  of  the 
vascular  wall  may  be  felt. 

Causes. — It  is  due  to  the  vibration  of  the  blood  flowing  in  from  the  relatively 
narrow  part  of  the  common  jugular  vein  into  the  wdde  bulbous  portion  of  the 
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vessel,  and  seeuis  to  occur  cliieHy  when  the  walls  of  a  thin  part  of  the  vein  lie  close 
to  each  other,  so  that  the  current  must  purl  through  it.  It  is  clear  that  pressure 
from  without,  or  lateral  pressure,  as  by  turning  the  head  to  the  opposite  side,  must 
favour  its  occurrence.  Its  intensity  will  be  increased  when  the  velocity  of  the 
stream  is  increased,  hence  iminration  and  the  f/iastofic  action  of  the  heart  (both  of 
which  assist  the  venous  current)  increase  it.  The  erect  attitude  acts  in  a  similar 
manner.  A  similar  bruit  is  sometimes,  though  rarely,  heard  in  the  subclavian, 
axillary,  thyroid,  facial,  innominate  and  crural  veins,  and  superior  cava. 

II.  Kegiirgitant  Murmurs. — On  making  a  sudden  eflbrt,  a  murmur  may  be  heard  in  the 
crural  vein  during  expiration,  which  is  caused  by  a  centrifugal  current  of  blood,  owing  to  the 
incompetence  or  absence  of  the  valves  in  this  region.  If  the  valves  at  the  jugular  bulb  are  not 
tight,  there  may  be  a  bruit  witli  expiration  [expiratory  jugular  vein  bruit — Hamernjk),  or 
during  the  cardiac  systole  [systolic  jugular  vein  bruit — v.  Bamberger). 

in.  Valvular  Soiinds  in  Veins. — When  the  tricuspid  valve  is  incompetent,  during  the  ven- 
tricular systole,  a  large  volume  of  blood  is  propelled  backwards  into  the  vente  cavie.  The 
venous  valves  are  closed  suddenl_v  thereby  and  a  sound  produced.  This  occurs  at  the  bulb  or 
dilatation  on  the  jugular  vein  [v.  Be  mhenjrr),  and  in  the  crural  vein  at  the  groin  [N.  Friedreich), 
i.e.,  only  as  long  as  the  valves  are  competent.  Forced  expiration  may  cause  a  valvular  sound 
in  the  crural  vein.    No  sound  is  heai  d  in  the  veins  under  perfectly  normal  circumstances. 

99.  THE  VENOUS  PULSE— PHLEBOGEAM.— Methods.— A  tracing  of  the  movements  of 
a  vein,  taken  with  a  lightly  weighted  sphygmograph,  has  a  characteristic  foi'm,  and  is  called  a 
phlebogram  (tig.  117).  In  order  to  interpret  the  various  events  of  the  phlebogram  it  is  most 
important  to  record  simultaneously  the  events  that  take  place  in  the  heart.  The  auricular  con- 
traction (compare  tig.  39)  is  synchronous  with  ah  ;  he,  with  the  ventricular  systole,  during  which 
time  the  tirst  sound  occurs,  whilst  a  h  is  a  presystolic  movement.  The  carotid  pulse  coincides 
nearly  with  the  apex  of  the  cardiogram,  i.e.,  almost  simultaneously  with  the  descending  limb 
of  the  phlebogram  [llicgcl). 

Occasionally  in  healthy  individuals  a  pulsatile  movement,  synchronous  with  the 
action  of  the  heart,  may  be  observed  in  the  common  jugular  vein.  It  is  either 
confined  to  the  lower  part  of  the  vein,  the  so-called  bulb,  or  extends  farther  up 
along  the  trunk  of  the  vein.  In  the  latter  case,  the  valves  above  the  bulb  are 
insufficient,  which  is  by  no  means  i-are,  even  in  health.  The  wave-motion  passes 
from  below  upwards,  and  is  most  obvious  when  the  person  is  in  the  passive 
horizontal  jiosition,  and  it  is  more  frequent  on  the  right  side,  because  the  right  vein 
lies  nearer  the  heart  than  the  left.  It  is  propagated  more  slowly  than  the  arterial 
pulse-wave.  The  venous  pulse  resembles  very  closely  the  tracing  of  the  cardiac 
impulse.    Compare  hg.  117,  1,  with  fig.  .39. 

It  is  obvious  that,  as  the  jugular  vein  is  in  direct  communication  with  the  right 
auricle,  and  as  the  pressure  within  it  is  low,  the  systole  of  the  right  auricle  must 
cause  a  positive  wave  to  be  propagated  towards  the  peripheral  end  of  the  jugular 
vein.  Fig.  117,  9  and  10,  are  venous  pulse-tracings  of  a  healthy  person  with 
insufficiency  of  the  valves  of  the  jugular  vein.  In  these  curves,  the  part  a  h 
corresponds  to  the  contraction  of  the  auricle.  Occasionally  this  part  consists  of  two 
elevations,  corresponding  to  the  contraction  of  the  atrium  and  auricle  respectively. 
As  the  blood  in  the  right  auricle  receives  an  impulse  from  the  sudden  tension  of 
the  tricuspid  valve,  .<ynrhronous  witk  the  systole  of  the  right  ventricle,  there  is  a 
positive  wave  in  the  jugular  vein  in  fig.  117,  9  and  10,  indicated  by  h,  c.  Lastly, 
the  sudden  closure  of  the  pulmonary  valves  may  even  be  indicated  {e).  As  the 
aorta  lies  in  direct  relation  with  the  pulmonary  artery,  the  sudden  closure  of  its 
valves  may  also  be  indicated  (tig.  91,  9,  at  (/).  During  the  diastole  of  the  auricle 
and  ventricle,  blood  Hows  into  the  heart,  so  that  the  vein  partly  collapses  and  the 
lever  of  the  recording  instrument  descends. 


Sinus  and  Ketinal  Pulse. -The  ])lood  in  the  sinuses  of  the  brain  also  uuderc^oes  a  pulsatile 
lovenient  owing  to  tlie  fact  that  during  cardiac  diastole  much  blood  hows^into  the  veins 
Mosso).  Under  tavourable  cn-cumstanccs,  this  movement  may  be  propagated  into  the  veins  of 
le  retina,  constituting  the  venoHS  retinal  pulse  of  the  older  observers  [Helfrcich) 

Pathological  Jugular  Vein  Pulse. -The  venous  pulse  in  the  jugular  vein  is  far  better  marked 
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in' ins ufficic lie  1/  v/  the  li-iciispUl  valve,  ami  the  veiu  may  pulsate  violently,  but  it'  its  valves  be 
])erleet,  the  pulse  is  not  propagated  along  the  vein,  so  that  a  pidse  m  the  jiujalar  vein,  is  not 
necessarily  a  sign  of  insufficiency  of  the  tricuspid  valve,  but  only  of  insufficiency  of  the  valve  of 
the  jugular  veiu  (Friedreich). 

Liver  Pulse. — The  ventricular  systole  is  propagated  into  the  valvelcss  inferior  vena  cava,  and 
causes  the  liver  pulse.  With  each  systole  blood  passes  into  the  hepatic  veins,  so  that  the  liver 
undergoes  a  systolic  swelling  and  injection. 

Fig.  117,  2-8,  are  curves  of  the  pulse  in  the  common  juguhtr  vein.  Although  at  tirst  sight 
the  curves  appear  to  be  very  ditlerent,  they  all  agree  in  this,  tliat  the  various  events  occurring 
in  the  heart  during  a  cardiac  revolution  are  indicated  more  or  less  completely.  In  all  the 
curves,  a  6  =  auricular  contraction.  The  auricle,  when  it  contracts,  excites  a  2)ositive  wave  in 
the  veins.  The  elevation,  i>  c,  is  caused  by  the  large  blood- wave  produced  in  the  veins,  owing 
to  the  emptying  of  the  ventricle.  It  is  always  greater,  of  course,  in  insufficiency  of  the  tricuspid 
valves  than  under  normal  circumstances  (tig.  117,  9  and  10).  In  the  latter  case,  the  closure  of  the 
tricuspid  valve  causes  only  a  slight  wave-motion  in  the  auricle.  The  apex,  e,  of  this  wave  may 
be  higher  or  lower,  according  to  the  tension  in  the  veiu  and  the  pressure  exerted  by  the  sjjhyj 


mograph.    As  a  general  rule,  at  least  one  notch  (4,  5,  6, 


apex, 


due  to  the 


Fig.  117. 

Venous  pulses  (Friedrcicli).  1-8,  from  insufficiency  of  the  tricuspid  ;  9,  10,  imlsc  of  the  jugular 
vein  of  a  healthy  person.  In  all  the  ciu-ves,  a  &  =  contraction  of  the  right  auricle  ;  lie,  of 
the  right  ventricle ;  d,  closure  of  the  aortic  valves  ;  e,  closure  of  tlie  pulmonary  valves  ; 
■  ,/,  diastole  of  the  right  ventricle. 

prompt  closure  of  the  valves  of  the  pulmonary  artery.  The  closure  of  the  closely  adjacent 
aortic  valves  may  cause  a  small  secondary  wave  near  to  e  (as  in  1  and  2,  </).  The  curve  falls 
towards/,  corresponding  to  the  diastole  of  the  heart. 

A  well-marked  venous  pulse  occurs  when  the  right  auricle  is  greatly  r< ingested,  as  in  cases  of 
insufhciency  of  the  mitral  valve  or  stenosis  of  the  same  orifice.  In  rare  cases,  in  addition  to 
the  pulse  in  the  common  jugular  vein,  the  external  jugular,  the  facial,  thyroid,  external 
thoracic  veins,  or  even  the  veins  of  the  upper  and  lower  extiemities  may  pulsate.  A  similar 
pulsation  must  occur  in  the  jmlmonary  veins  in  mitral  insufficiency,  but  of  course  the  lesult  is 
not  visible. 

On  rare  occasions,  a  pulse  occurs  in  the  veins  on  the  back  of  the  hand  and  foot  owing  to  the 
arterial  pulse  being  propagated  through  the  capillaries  into  the  veins.  Tins  may  occur  under 
normal  circumstances,  when  the  ))eripheral  ends  of  the  arteries  become  dilated  and  relaxed 
{Quincke),  or  when  the  blood-pressure  within  these  vessels  rises  rapidly  and  falls  as  suddenly, 
as  in  insufficiency  of  the  aortic  valves. 

In  progressive  effusion  into  the  pericardium,  the  carotid  pulse  at  first  becomes  smaller  and  the 
venous  pulse  larger ;  beyond  a  certain  stage  oi^  pressure  the  latter  ceases  (Ricgcl). 
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100  DISTRIBUTION  OF  THE  BLOOD.— In  the  rabbit,  one  fourth  of  the 
total  atnount  of  the  blood  is  found  in  each  of  the  following  : — a,  in  the  passive 
muscles  ;  />,  in  the  liver  ;  c,  in  the  organs  of  the  circulation  (heart  and  great 
vessels) :  d,  in  all  other  parts  together. 

Methods. —Tlu'  methods  adojited  do  not  give  exact  results.  J.  Ranke  ligatured  the  parts 
duriiii:  lit'f,  iTiiiovcd  them,  and  investigated  the  amount  of  blood  while  the  tissues  were  still 
warm. 

Influencing  Conditions. — The  amount  of  blood  is  influenced  by — (1)  the  anatomical  dis- 
tribution of  tlie  vessels  (vascularity  or  the  reverse)  as  a  whole  ;  (2)  the  diameter  of  the  vessels, 
which  depends  upon  physiological  causes — («)  on  the  blood-pressure  within  the  vessels  ;  (b)  on 
the  condition  of  the  vaso-motor  or  vaso-dilator  nerves  ;  (c)  on  the  condition  of  the  tissues  them- 
selves, e.g.,  the  vessels  of  the  intestine  during  absorption  ;  by  the  vessels  of  muscle  during 
muscular  contraction  :  of  vessels  in  inflamed  parts. 

The  most  important  factor,  however,  is  the  state  of  activity  of  the  organ  it.self  ; 
hence,  the  saying,  "  ubi  irritatio,  ibi  affluxus."  We  may  instance  the  congestion 
of  the  salivary  glands  and  the  gastric  mucous  membrane  during  digestion,  and  the 
increased  vascularity  of  muscles  during  contraction.  As  the  activity  of  organs 
varies  at  different  times,  the  amount  of  blood  in  the  part  or  orpan  goes  hand  in  hand 
with  the  variations  in  its  states  of  activity.  When  some  organs  are  congested,  others 
are  at  rest ;  during  digestion,  there  is  muscular  relaxation  and  less  mental  activity  : 
violent  muscular  exertion  retards  digestion — during  ijreat  con^i-estion  of  the 
cutaneous  vessels  the  activity  of  the  kidneys  diminishes.  Many  organs  (heait, 
muscles  of  respiration,  certain  nerve-centres)  seem  always  to  be  in  a  nearly  uniform 
state  of  activity  and  vascularity.  During  the  activitij  of  an  organ,  the  amount  of 
blood  in  it  may  be  increased  30  per  cent.,  nay,  even  47  per  cent.  The  motor 
organs  of  young  muscular  persons  are  relatively  more  vascular  than  those  of  old 
and  feeble  persons  (,/.  Ranke).  In  the  condition  of  increased  activity,  a  more 
rajdd  renewal  of  the  blood  seems  to  occur  ;  after  muscular  exertion  the  duration  of 
the  circulation  diminishes  ( Vierordt). 

During  a  condition  of  mental  activity,  the  carotid  is  dilated,  the  dicrotic  wave  in  the  carotid 
curve  is  increased  (the  radial  shows  the  opposite  condition),  and  the  pulse  is  increased  in 
frequency  {Glcy). 

Age. — The  development,  of  the  heart  and  large  vessels  determines  a  ditterent  distribution  of 
the  blood  in  the  child  from  that  which  obtains  in  the  adult.  The  heart  is  relatively  small  from 
infancy  up  to  puberty,  the  vessels  are  relatively  large  ;  while  after  puberty  the  heart  is  large, 

T 


Fig.  lis. 


Mosso's  plethysmograph.  G,  glass-vessel  for  holding  a  limb  ;  F,  flask  for  varving  the  water- 
pressure  in  G  ;  T,  recording  apparatus, 
and  the  vessels  are  relatively  smaller.  Hence  it  follows  that  the  blood-pressure  in  the  arteries 
of  the  systemic  circulation  must  be  lower  in  the  child  than  in  the  adult.  The  pulmonary  artery 
is  relatively  wide  in  the  child,  while  the  aorta  is  relatively  small  ;  after  puberty  both  vessels 
have  uearlv  tlie  same  size.  Hence,  it  follows  that  the  blood-pressure  in  the  pulmonary  vessels 
ot  the  child  is  relatively  higher  than  that  in  the  adult  {Beneke). 

101.  PLETHYSMOGRAPHY.— In  order  to  estimate  and  register  the  amount 
of  blood  m  a  hmb  Mosso  devised  an  instrument  (fig.  118),  which  he  termed  a 
plethysmograph. 
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It  consists  of  a  long  cylindrical  glass- vessel,  G,  suited  to  accommodate  a  limb.  The  ojiening 
through  which  the  limb  is  introduced  is  closed  with  caoutchouc,  and  the  vessel  is  filled  with 
water.  There  is  :m  opening  in  the  side  of  the  vessel  in  which  a  manometer  tube,  filled  to  a 
certain  height  witli  water,  is  fixed.  As  the  arm  is  enlarged  owing  to  the  increased  supply  of 
arterial  blood  passing  into  it  at  each  pulse-beat,  of  course  the  water  column  in  the  manometer 
is  raised.  Fick  placed  a  float  upon  the  surface  of  the  water,  and  thus  enabled  the  variations  in 
the  volume  of  the  fluid  to  be  inscribed  on  a  revolving  cylinder.  The  curve  obtained  resembled 
the  pulse-curve  ;  it  was  even  dicrotic.  In  fig.  118  the  movement  of  the  fluid  is  represented  as 
conveyed  to  a  Marey's  tambour,  T,  similar  to  the  recording  apparatus  employed  in  Brondgeest's 
pansphygmograph  (flg.  76). 

The  cylinder  C  may  be  filled  with  air.  Kries  fills  it  with  gas  and  connects  the  tube  leading 
to  T  to  a  gas-burner.    The  variations  in  the  gas-flame  are  then  photographed. 

Results. — (1)  Pulsatile  Variations  in  the  Volume. — As  the  venous  current  is 

regarded  as  uniform  in  the  passive  limb,  every  increase  of  the  volume-curve 

indicates  a  greater  velocity  of  the  arterial  current  towards  the  periphery,  and  vice 

versd  {Fick).    The  curves  registered  by  the  apparatus  are  volume-pulses,  and  they 

resemble  the  curve  of  the  dromograph  (tig.  113,  III).    The  ascent  of  the  curve 

indicates  a  greater,  the  descent  a  diminished  inflow  of  arterial  blood. 

At  first  siglit  the  plethysniograjih  curve  (volume-i)ulse,  §  90,  7)  is  very  like  the  pulse-curve 
(pressure  pulse) ;  both  are  dicrotic.  But  there  are  ditterences  ;  the  volume  pulse-curve  beyond 
the  apex  falls  more  rapidly.  This  rapid  fall,  which  is  not  accompanied  by  a  corresponding  fall 
of  the  pressure,  is  attributed  by  v.  Kries  to  peripheral  reflexion.  The  dicrotic  wave  occurs 
sooner  in  the  volume-pulse  than  in  tlie  pulse-curve. 

(2)  The  respiratory  undulations  correspond  to  similar  variations  in  the  blood- 
pressure  tracing  (^85,  /  ).  Vigorous  respiration  and  cessation  of  the  respiration 
cause  a  diminution  of  the  volutue.  The  limb  swells  during  straining  and  coughing, 
but  diminishes  during  sighing.  (3)  Certain  periodic  undulations  occur,  due  to 
the  regular  periodic  contractions  of  the  small  arteries.  (4)  Other  undulations,  due 
to  various  accidental  causes,  affect  the  blood-pressure  :  changes  of  the  position  of 
a  limb  acting  hydrostatically,  and  dilatation  or  contraction  of  the  vessels  in  other 
vascular  regions.  (5)  Movement  of  the  muscles  of  the  limb  under  observation 
causes  diminution  of  volume,  as  the  venous  current  is  accelerated,  the  musculature 
is  also  very  slightly  diminished  in  volume,  even  when  the  intra-muscular  vessels  are 
dilated.  (6)  Mental  exercise  causes  a  diminution  in  the  volume  of  the  limb,  and 
so  does  sleep  (Monso).  Music  influences  the  blood-pressure  in  dogs,  the  pressure 
rising  or  falling  under  different  conditions.  The  stimulation  of  the  auditory  nerve 
is  transmitted  to  the  medulla  oblongata,  where  it  acts  so  as  to  cause  acceleration  of 
the  action  of  the  heart  {Doc/iel).  (7)  Compression  of  the  afferent  artery  causes  a 
decrease,  and  comjyi^ession  of  the  vein  an  increase  in  the  volume  of  the  limb  {Mosso). 
(8)  Stimulation  of  the  vaso-motor  nerves  causes  a  decrease,  that  of  the  vaso- 
dilators an  increase  in  the  volume  {Bmvditch  and  Warren). 

102.  TRANSFUSION  OF  BLOOD.— Transfusion  is  the  introduction  of  blood 
from  one  animal  into  the  vascular  system  of  another  animal. 

(a)  The  red  corpuscles  are  the  most  important  elements  in  connection  with  the 
restorative  powers  of  the  blood.  They  seem  to  preserve  their  functions  even  in 
blood  which  has  been  defibrinated  outside  the  body  (.i^  4,  A). 

{b)  With  regard  to  the  gases  present  in  the  blood,  arterial  blood  never  acts 
injuriously  ;  but  venous  blood  overcharged  with  carbonic  acid  ought  only  to  be 
transfused  when  the  respiration  is  sufficient  to  oxygenate  the  blood  as  it  passes 
through  the  pulmonary  capillaries,  whereby  venous  is  transformed  into  arterial 
blood.  If  the  respiratory  movements  have  ceased,  or  are  imperfectly  performed, 
the  blood  becomes  rapidly  richer  in  carbonic  acid,  and  in  this  condition  reaches  the 
heart  ;  thence  it  is  propelled  into  the  blood-vessels  of  the  medulla  oblongata,  where 
it  acts  as  a  powerful  stimulus  of  the  respiratory  centre,  causing  dyspnoea,  con- 
vulsions, and  death. 

(c)  The  fibrin,  and  the  substances  from  which  it  is  formed,  do  not  seem  to  play 
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•any  part  in  connection  with  the  restorative  powers  of  the  blood  ;  hence,  defibrinated 
blood  performs  all  the  functions  of  nou-defibrinated  blood  within  the  body  {Panum, 
Landois). 

{(1)  The  investigations  of  Worm  Miiller  showed  that  an  excess  of  83  per  cent,  of 
blood  may  be  transfused  into  the  vascular  system  of  an  animal  (dog)  without  pro- 
ducing any  injurious  effects.  Hence  it  follows  that  the  vascular  system  has  the 
power  of  accommodating  large  quantities  of  blood  within  it.  That  the  vascular 
system  can  accommodate  itself  to  a  diminished  amount  of  blood  has  been  known 
for  a  long  time  (J:;  85,  <■).  [It  is  very  important  to  observe  that  the  transfusion  of 
a  large  quantity  of  blood  does  not  materially  or  permanently  raise  the  blood- 
pressure.] 

When  Employed. — The  transfusion  of  blood  is  used — (1)  in  acute  anaemia 

(§  41,  I),  €.(/.,  after  copious  haemorrhage.  New  blood  (150  to  500  c.c),  from  the 
mine  species  of  animal,  is  introduced  directly  into  the  vessels,  to  supply  the  place  of 
the  blood  lost  by  the  ha-morrhage. 

(2)  In  cases  of  poisoning,  where  the  blood  has  been  rendered  useless  by  being 
mixed  with  a  poisonous  substance,  and  hence  is  unable  to  support  life.  In  such 
cases  remove  a  considerable  quantity  of  the  blood,  and  replace  it  by  fresh  blood. 
Carbonic  oxide  is  a  poison  of  this  kind,  and  its  effects  on  the  body  have  already 
been  described  (§  16).  A  similar  practice  is  indicated  in  poLsoning  with  ether, 
chlox'al,  chloroform,  opium,  morphia,  strychnine,  cobra  poison,  and  such  substances 
as  dissolve  the  blood-coriiuscles,  cj/.,  potassic  chlorate. 

(3)  Under  certain  pathological  conditions,  the  blood  may  become  so  altered  in 
(juality  as  to  be  unable  to  support  life.  The  morphological  elements  of  the  blood 
may  be  altered,  and  so  may  the  relative  proportion  of  its  other  constituents. 
Amongst  these  conditions  may  be  cited  the  pathological  condition  of  uraemia,  due, 
it  may  be,  to  the  accumulation  of  urea  or  the  products  of  its  decomposition  within 
the  blood  ;  accumulation  of  the  biliary  constituents  in  the  blood,  and  great  increase 
of  the  carbonic  acid.  All  these  three  conditions,  when  very  pronounced,  may  cause 
death.  In  these  cases,  part  of  the  impure  blood  may  be  replaced  by  normal  human 
blood. 

Amongst  conditions  where  the  morphological  constituents  of  the  blood  are  altered 
qualitatively  or  quantitatively  are  :  hydrtemia  (excessive  amount  of  water  in  the 
blood,  41,  1)  ;  oligocythajmia  (abnormal  diminution  of  red  blood-corpuscles). 
When  these  conditions  are  highly  developed,  more  especiallv  in  pernicious  anaemia 
(.^  10,  2),  healthy  blood  may  be  substituted.  Transfusion  is  not  suited  for  persons 
suffering  from  leukyemia  (compare  p.  18). 

After-Effects. — A  quarter  or  half  an  hour  after  normal  blood  has  been  injected 
into  the  blood-vessels  of  a  man,  there  is  a  greater  or  less  febrile  reaction,  according 
to  the  anlount  of  blood  transfused  (Fever,  §  220.) 

Operation.— The  operative  procedure  to  be  adopted  in  the  process  of  transfusion  varies  accord- 
ing as  defibrinated  or  non-defibrinated  blood  is  used.  In  order  to  defibriiiate  blood,  some  blood 
is  withdrawn  from  a  vein  of  a  healtliyman  in  the  ordinary  way,  collected  in  an  ojjen  vessel,  and 
whipped  or  beaten  with  a  glass  rod  until  all  the  fibrin  is  completely  removed  from  it.  It  i.s 
then  filtered  through  an  atlas  filter,  heated  to  the  temperature  of  the  body  (by  placing  it  in 
a  vessel  in  warm  water),  and  injected  by  means  of  a  svringe  hito  an  artery  opened  lor  the 
purpose.  A  vein  {e.g.,  basilic  or  great  saphenous)  may  be"  selected  for  the  transfusion,  in  which 
case  the  blood  is  driven  inward  in  the  direction  of  the  heart  ;  if  an  artery  is  selected  (radial 
or  posterior  tibial)  the  blood  is  injected  towards  the  periphery  {Huter),  or  towards  the  heart 
{Landois,  Schdfcr). 

If  non-defibrinated  human  blood  is  used,  the  blood  may  be  passed  directly  from  the  arm  of 
the  giver  to  the  arm  of  the  receiver  by  means  of  a  fiexible  tube.  The  tube  used  must  be  filled 
with  normal  sahne  solution  to  prevent  the  entrance  of  air.  [J.  Duncan  collects  the  blood  shed 
during  an  operation  in  a  5  per  cent,  solution  of  sodic  phosphate  {Pavy),  and  injects  the  mixture 
especially  where  much  blood  has  been  lost  previously.] 

Dangers.— It  is  most  important  that  no  air  be  allowed  to  pass  into  the  circulation,  for  if  it  be 
introduced  in  sufficient  quantity  it  may  cause  death.    When  air  enters  the  circulation  it  reaches 
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the  right  side  of  the  heart,  where,  owing  to  the  movement  of  the  blood,  it  forms  air-bubbles  and 
makes  a  froth.  The  air-bubbles  are  pumped  into  the  branches  of  the  pulmonary  artery,  in 
wlHch  they  become  i7n^)acted,  arrest  the  pulmonary  circulation,  and  rapidly  cause  death. 

Peritoneal  Tranafiision. —Recently,  the  injection  of  detibrinated  blood  into  the  peritoneal 
camty  has  been  recommended.  The  blood  so  injected  is  absorbed  {Fonfick).  Even  after  twenty 
minutes  the  number  of  blood-corpuscles  in  the'blood  of  the  recipient  (rabbit)  is  increased,  and 
the  number  is  greatest  on  the  first  or  second  day.  The  operation,  however,  may  cause  death, 
and  one  fatal  case,  owing  to  peritonitis,  is  recorded  {Moslcr).  It  is  evident  that  this  method 
of  transfusion  is  not  applicable  in  cases  where  blooil  must  be  introduced  into  tlie  circulation  as 
rapidly  as  possible  {e.g.,  after  severe  hiTimorrhage  or  in  certain  cases  of  poisoning.  [Blood  has 
been  injected  into  the  subcutaneous  cellular  tissue  of  the  abdomen  in  cases  of  great  debility.] 

Heterogeneous  Blood.  — T/w^  blood  of  animals  ouyht  never  to  he  tram/used  into  (he  hlood-vcssels 
of  man.  It  is  to  be  remembered,  however,  that  the  blood-corpuscles  of  the  sheep  are  rapidly 
dissolved  by  human  blood,  so  that  the  active  constituents  of  the  blood  are  rendered  useless 
(Landois).  As  a  general  rule,  the  blood-serum  of  some  mammals  dissolves  the  blood-corpuscles 
of  other  mammals  {%  5,  5). 

Solution  of  the  Blood-Corpuscles.  —The  serum  of  dog's  blood  is  a  powerful  solvent,  while 
that  of  the  blood  of  the  horse  and  rabbit  dissolves  corpuscles  relatively  slowly.  The  blood- 
corpuscles  of  mammals  vary  very  greatly  with  reference  to  their  power  to  resist  the  solvent 
action  of  the  serum  of  other  animals.  The  red  blood-corpuscles  of  rabbits'  blood  are  rapidly 
dissolved  by  the  blood-serum  of  other  animals,  whilst  those  of  tlie  cat  and  dog  resist  the 
solvent  action  much  longer.  Solution  of  the  corpuscles  occurs  in  defibrinated  as  well  as  in 
ordinary  blood.  When  the  blood  of  a  rabbit  or  lamb  is  injected  into  the  blood-vessels  of  a  dog, 
the  red  blood-corpuscles  are  dissolved  in  a  few  minutes.  If  blood  be  withdrawn  by  pricking  the 
skin  with  a  needle,  the  i)artially  dissolved  corpuscles  may  be  detected. 

Liberation  of  Haemoglobin  and  Haemoglobinuria.  —As  a  result  of  the  solution  of  the  coloured 
corpuscles,  the  blood-plasma  is  reddened  by  the  liberated  haemoglobin.  Part  of  the  dissolved 
material  may  be  used  up  in  the  body  of  the  recipient,  some  of  it  for  the  formation  of  bile,  but 
if  the  solution  of  the  corpuscles  has  been  extensive,  the  ha?moglobiu  is  excreted  in  the  uriiie 
(hfemoglobinuria),  in  less  amount  in  the  intestine,  the  bronchi,  and  the  serous  cavities.  Bloody 
urine  has  been  oUserved  in  man  after  the  injection  of  100  grammes  of  lamb's  blood.  Even  some 
of  the  recipient's  blood-corpuscles  are  dissolved  by  the  serum  of  the  transfused  blood,  e.g.,  on 
transfusing  dog's  blood  into  man.  In  the  rabbit,  whose  corpuscles  are  readily  dissolved,  the 
ti'ansfusion  of  the  blood-serum  of  the  dog,  man,  pig,  sheep,  or  cat  produces  serious  symptoms, 
and  even  death.  The  dog,  whose  corpuscles  are  more  resistant,  bears  transfusion  of  other 
kinds  of  blood  well. 

Dangers. — When  foreign  or  heterogeneous  blood  {i.e.,  blood  from  a  different  species)  is  trans- 
fused, two  phenomena,  which  may  be  dangerous  to  life,  occur : — 

(1)  Before  the  corpuscles  are  dissolved,  they  usually  run  together  and  form  sticky  masses, 
consisting  of  10  or  12  corpuscles,  which  are  apt  to  occlude  the  capillaries.  After  a  time  they  give 
up  their  hemoglobin,  leaving  the  stroma,  which  yields  a  sticky  fibrin-like  mass  that  may 
occlude  Kne  vessels  (§  31). 

(2)  The  presence  of  a  large  quantity  of  dissolved  ha-moglobin  may  cau.se  extensive  coagulation 
within  the  blood-vessels.  The  injection  of  dissolved  haimoglobin  causes  extensive  coagulations 
{Naunijn  and  Francken). 

The  coagulation  occurs  usually  in  the  venous  system  and  in  the  larger  vessels,  and  may  cause 
■tleath  either  suddenly  or  after  a  considerable  time. 

Dissolved  h.-emoglobin  seems  greatly  to  increase  the  activity  of  the  fibrin-ferment  (§  30), 
perhaps  by  accelerating  the  disintegration  of  the  colourless  corpuscles.  Hamioglobin  exposed 
to  the  air  gradually  loses  this  property  ;  and  the  fibrin-ferment,  when  in  contact  with  haimo- 
globin, is  either  destroyed  or  rendered  less  active  (Sachssenclahl). 

Vascular  Symptoms. — As  a  result  of  the  above-named  causes  of  occlusion  of  the  vessels,  there 
are  often  signs  of  the  circulation  being  impeded  in  various  organs.  In  man,  after  transfusion 
of  lamb's  blood,  the  skin  is  bluish-red,  in  consequence  of  the  stagnation  of  blood  in  the 
cutaneous  vessels.  Difficulty  of  breathing  occurs  from  obstruction  in  the  capillaries  of  the 
lung;  while  there  may  be  rupture  of  small  bronchial  vessels,  causing  sanguineous  expectora- 
tion. The  dyspnoea  may  increase,  especially  when  the  circulation  through  the  medulla 
oblongata — the  seat  of  the  respiratory  centre — is  interfered  with.  In  the  digestive  tract,  for 
the  same  reason,  increased  peristalsis,  evacuation  of  the  contents  of  the  rectum,  vomiting,  and 
abdominal  pain  may  occur.  These  phenomena  are  explained  by  the  fact  that  disturbances  of 
the  circulation  in  the  intestinal  vessels  cause  increased  peristaltic  movements.  Degeneration 
of  the  parenchyma  of  the  kidneij  occurs  as  a  result  of  the  occlusion  of  some  of  the  renal  vessels. 
The  uriniferous  tubules  become  plugged  with  cylinders  of  coagulated  albumin  (Fonfick).  Owing 
to  the  occlusion  of  numerous  small  muscular  branches,  the  musc/es  may  become  stifl",  or  coagula- 
tion of  their  myosin  may  occur.  Other  symptoms,  referable  to  the  nervous  system,  sense-organs, 
and  heart,  are  all  due  to  the  interference  with  the  circulation  through  them.  An  important 
symptom  is  the  occurrence  of  a  considerable  amount  of  fever  half  an  hour  or  so  after  the  trans- 
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fusion  of  heterogeneous  blood  (g  200).  When  many  vessels  are  occluded,  rupture  of  some  small 
blood-vessels  may  take  place.  This  explains  the  occurrence  of  slight,  yet  persistent  hajmorrhages, 
which  occur  on  the  free  surfaces  of  the  mucous  and  serous  membranes,  and  in  the  parenchyma 
of  organs,  as  well  as  in  wounds.    The  blood  coagulates  with  difficulty,  and  imperfectly. 

Transfusion  of  other  Fluids. — Other  substances  have  been  transfused.  Normal  saline  solu- 
tion (0-6  per  cent.  NaCl),  or  serum  from  the  same  species,  aids  the  circulation  in  a  purely 
mechanical  way  {GoUz),  and  it  even  excites  the  circulation  {Kronecker).  In  severe  amemia  this 
fluid  cannot  maintain  life  {Eulcnburg  and  Landois).  The  injection  of  peptone,  even  in  moderate 
amount,  is  dangerous  to  life,  as  it  causes  paralysis  of  the  ves.sels  (p.  32). 


The  Blood-Glands. 
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THE  SPLEEN.— Structure.— The  spleen  is  covered  by  the  peritoneum,  except  at 
Under  this  serous  covering  there  is  a  tough,  thick,  elastic,  fibrous  capsule,  which 

closely  invests  the  organ  and  gives  a  covering  to 
the  vessels  which  enter  or  leave  it  at  the  hilum,  so 
that  fibrous  tissue  is  carried  into  the  organ  along 
the  course  of  the  vessels  (lig.  119).  [The  capsule 
cannot  be  separated  without  tearing  the  splenic 
pulp.  ]  Numerous  trabeculae  pass  into  the  spleen 
trom  the  deep  surface  of  the  capsule,  where  they 
branch  and  anastomose  so  as  to  produce  a  network 
of  sustentacular  tissue,  which  is  continuous  with 
the  connective-tissue,  prolonged  inwards  and  sur- 
rounding the  blood-vessels  (fig.  120).  Thus,  the 
connective-tissue  in  the  spleen,  as  in  other  viscera, 
is  continuous  throughout  the  organ.  In  this  way 
an  irregular  dense  network  is  formed,  comparable 
to  the  meshes  of  a  bath  sponge.  [This  network 
is  easily  demonstrated  by  washing  out  the  pulp 
lying  in  its  me.shes  by  means  of  a  stream  of  water, 
when  a  beautiful  soft  semi-elastic  network  or 
framework  of  rounded  and  flattened  threads  is 
obtained.]  The  capsule  (fig.  119)  is  composed  of 
interlacing  bundles  of  connective-tissue  mixed 
with  numerous  fine  fibres  of  elastic  tissue  and 
some  non-striped  muscular  fibres. 

Reticulum.  — Within  the  meshes  of  the  trabecu- 
lar framework  there  is  disposed  a  very  delicate 
network  or  reticulum  of  adenoid  tissue,  which, 
with  the  other  coloured  elements  that  fill  up  the 
meshes,  constitutes  the  splenic  pulp  (fig.  121).  The 
reticulum  is  continuous  with  the  fibres  of  the 
trabeculoe.  [If  a  fine  section  of  the  spleen  be 
"  pencilled  "  in  water,  so  as  to  remove  the  cellular 
elements,"  the  preparation  presents  much  the  same 

network  of  adenoid 
The  spaces  of  this 


Fig.  119. 
Section  of  human  spleen  x  10 
times. 

characters  as  a  section  of  a  lymph -gland  similarly  treated,  viz.,  a  very  fine 
ti.ssue,  continuous  with,  and  surrounding  the  walls  of,  the  blood-vessels, 
tissue  are  filled  with  lymph-and  blood-corpuscles.  ] 

The  pulp  is  a  dark  reddish-coloured,  semi-fluid  material,  which  may  be  squeezed  or  washed 
out  of  the  meshes  in  which  it  lies.  It  contains  a  large  number  of  coloured  blood-corpuscles, 
and  becomes  brighter  when  it  is  exposed  to  the  action  of  the  oxygen  of  the  air. 

Blood- Vessels  and  Malpighian  Corpuscles. — The  large  splenic  artery,  accompanied  by  a  vein, 
splits  up  into  several  branches  before  it  enters  the  spleen.  Both  vessels  and  their  branches 
are  enclosed  in  a  fibrous  sheath,  which  becomes  continuous  with  the  trabecular.  The  smaller 
branches  of  the  artery  gradually  lose  this  fibrous  investment,  and  each  one  ultimately  divides 
into  a  group  or  pencil  of  arterioles  or  penicilli,  which  do  not  anastomose  with  each  other.  [Thus 
each  branch  is  terminal 


a  condition  which  is  of  great  importance  in  connection  with  the  patho- 
logy of  embolism  or  infarction  of  the  vessels  of  the  spleen.]  At  the  points  of  division  of  the 
branches  of  the  artery,  or  scattered  along  their  course,  are  small  oval  or  globular  masses  of 
adenoid  tissue  (^^V  to  inch  in  diameter),  the  Malpighian  corpuscles.  [These  bodies  are 
visible  to  the  naked  eye  as  small,  round,  or  oval  white  structures,  about  the  size  of  millet  seed, 
in  a  section  of  a  fresh  spleen.  They  are  very  numerous— [70,000  in  man] — and  are  readily 
detected  in  the  dark  reddish  pulp.    One  must  be  careful  not  to  mistake  sections  of  the  trabecuhii 
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for  them.  These  corpuscles  consist  of  adenoid  tissue 
corpuscles,  and  they  present  exactly  the  same  structure' 


whose 
the 


a.s 


meshes  are  filled  with  lyni])h- 
solitarv  follicles  of  the  intestine 
(§  197).  They  are  small  lym- 
phatic accumulations  around 
the  arteries  —  peri-arterial 
masses  of  adenoid  tissue  similar 
to  those  masses  that  occur  in  a 


Fig.  120. 

Trabecule  of  the  spleen  of  a  cat  with  the  splenic  pulp  washed 

a,  trabecula ;  b,  vein. 


out. 


Fig.  121. 

Adenoid  reticulum  of 
spleen  of  cat. 

slightly  diflerent  form  in  other  organs,  e.g.,  the  lungs.  In  a  section  of  the  spleen  the  artery 
may  pass  through  the  centre  of  the  mass  or  through  one  side  of  it,  and  in  some  cases  the  tissue 
IS  collected  unequally  on  opposite  sides  of  the  vessel,  so  that  it  is  lob-sided.  They  are  not 
surrounded  by  any  special  envelope.  In  some  animals  the  lymphatic  tissue  is  continued  for  some 
distance  along  the  small  arteries,  so  that  to  some  extent  it  resembles  a  peri-vascular  sheath  of 
adenoid  tissue.  In  a  well-injected  spleen,  a  few  fine  capillaries  are  to  be  found  within  these 
(•orpuscles.  The  capillaries  distributed  in  the  substance  of  the  Malpighian  corpuscle  (fig.  122) 
form  a  network,  and  ultimately  pour  their  blood  into  the  spaces  in  the  pulp.  According  to 
Cadiat,  the  corpuscles  are  separated  from  the  ° 
splenic  pulp  by  a  lymphatic  sinus,  which  is 
traversed  by  efferent  capillaries  passing  to  the 
pulp  (fig.  122).] 

Connection  of  Arteries  and  Veins.— It  is 
very  difficult  to  determine  what  is  the  exact 
mode  of  termination  of  the  arteries  within  the 
spleen,  more  especially  as  it  is  extremely  diffi- 
cult to  inject  the  blood-vessels  of  the  spleen. 
According  to  Stieda,  and  others,   the  fine 
"capillary  arteries"  formed  by  the  division 
of  the  small  arteries  do  not  open  directly 
into  the  capillary  veins,  but  the  connection 
between  the  arteries  and  veins  is  by  means  of 
the  "intermediary  intercellular  spaces"  of 
the  reticulum  of  the  s})leen,  so  that,  according 
to  this  view,  there  is  no  continuous  channel 
lined  throughout  by  epithelium  connecting 
these  vessels  one  with  another.    Thus  the 
blood  of  the  spleen  ffows  into  the  spaces  of  the 
adenoid  reticulum  just  as  tlie  lymph-stream 
flows  through  the  spaces  in  a  lymph-gland. 
According  to  Billroth  and  Kiilliker,  a  closed  Malpighian  corpuscle  of  a  cat's  spleen  injected, 
blood-channel  actually  does  exist  between  the         ^,.^5     .      ^^^^i^^^  ^f  the  pulp  injected  : 
capillary  arteries  and  the  veins,  consisting        the  artery  of  the  corpuscle  ramifying  in  the 
of  dilated  spaces  (similar  to  those  of  erectile     lymphatic  tissue  composing  it. 
tissue).   These  intermediary  spaces  are  said  to 

be  completely  lined  by  spindle-shaped  epithelium,  which  abuts  externally  on  the  reticulum  of 
the  pulp.  [According  to  Frey,  owing  to  the  walls  of  the  terminal  vessels  being  incom])lete, 
there  being  clefts  or  spaces  between  the  cells  composing  them,  the  blood  passes  freely  into 
spaces  of  the  adenoid  tissue  of  the  pulp  "  in  the  same  way  as  the  water  of  a  river  finds  its  way 
amongst  the  pebbles  of  its  bed,"  these  "intermediary  passages"  being  bounded  directly  by 
the  cells  and  fibres  of  the  network  of  the  pulp.  From  these  passages  the  venous  radicles  arise. 
At  first,  their  walls  are  imperfect  and  cribriform,  and  they  often  present  peculiar  transverse 
markings,  due  to  the  circular  disposition  of  the  elastic  fibres  of  the  reticulum.  The  small  veins 
have  at  first  a  different  course  from  the  arteries.  They  anastomose  freely,  but  they  soon  become 
ensheathed,  and  accompany  the  arteries  in  their  course.] 
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Elements  of  the  PiUp  (fig.  123).— The  morphological  elements  are  very  various— (ly 
Lymph -cortmscles  of  various  sizes,  sometimes  partly  swolleu,  and  at  other  times  with  granular 
contents     (•>)  Ked  blood-corpuscles.    (3)  Transition  forms  between  1  and  2  [although  tins  is 

denied  by  some  observers  (§  7,  C)].  (4)  Cells  containing  red  blood- 
corpuscles  and  pigment  granules.  [These  cells  exhibit  amceboid 
movements.]    (Compare  §  8.) 

[Lymphatics  undoubtedly  arise  within  the  spleen,  but  they  are 
not  numerous.  There  are  two  systems— a  superficial  or  capsular, 
and  trabecular  system  ;  and  a  peri-vascular  set.  The  superficial 
lymphatics  in  the  capsule  are  rather  more  numerous.  Some  of  them 
seem  to  communicate  with  the  lymphatics  within  the  organ  ( Tomsa, 
Kollikcr).  In  the  horse's  spleen  they  communicate  with  the  lym- 
]ihatics  in  the  trabeculie,  and  with  the  peri-vascular  lymphatics. 
The  exact  mode  of  origin  of  the  peri-vascular  system  is  unknown, 
but  in  part  at  least  it  begins  in  the  spaces  of  the  adenoid  tissue  of 
the  Malpigliian  corpuscles  and  peri-vascular  adenoid  tissue,  and 
runs  along  the  arteries  towards  the  hilum.  There  seem  to  be  no 
afferent  lymphatics  iu  the  spleen  such  as  exist  in  a  lymphatic 

o  111 

Elements  of  human  splenic  S       J  £•  i  i  <■    ii    .    „j-  , 

,      ,     ,     1        11       The  nerves  of  the  spleen  are  composed  for  the  most  jiart  ot  non- 

r  e^ndotMium  3^  col'  meduUated  nerve-fibres,  and  run  along  with  the  artery.  Their  exact 
oured  blood  cormiscles  •  termination  is  unknown,  but  they  probably  go  to  the 

4  rpllo  nr.ntni'm'no-  m-n.i '  blood-vcssels  and  to  the  muscular  tissue  in  the  capsule  and  trabecuJte. 
Ses  thrunper  ofe  with  t^hey  are  well  seen  in  the  spleen  of  the  ox,  and  in  their  course  very 
a   c'olourleL   blood-cor-      ''stiS^'f'  ^'^^'"^  ^^'^^  ^''^^  ^'^^"^  ^"""'^  ^'"'^^ 

puscle,  h,  enclosed.  Chemical  Composition. — Several  of  the  more  highlj^  oxidised  stages 

of  albuminous  bodies  exist  in  the  spleen.  Besides  the  ordinary  constituents  of  the  blood, 
there  exist  : — leucin,  tyrosin,  xanthin,  hypoxanthin  ;  lactic,  butyric,  acetic,  formic,  succinic, 
and  uric  acids,  and  perhaps  glycero-phosphoric  acid(>S'aZ^;o!{'si/);  cholesterin,  a  glutin-like  body, 
inosit,  a  pigment  containing  iron,  find  even  free  iron  oxide  {Nasse).  The  ash  is  rich  in  phos- 
phoric acid  and  iron  (p.  151) — poor  in  chlorine  compounds.  The  splenic  juice  is  alkaline  in 
reaction  ;  the  specific  gravity  of  the  spleen  =  1059-1066. 

The  functions  of  the  spleen  are  obscure,  but  we  know  some  facts  on  which  to 
form  a  theory.  [The  spleen  differs  from  other  organs  in  that  no  very  apparent 
effect  is  produced  by  it,  so  that  we  must  determine  its  uses  in  the  economy  from  a 
consideration  of  such  facts  as  the  following  : — (1)  The  effects  of  its  removal  or 
extirpation.  (2)  The  changes  which  the  blood  undergoes  as  it  passes  through  it. 
(3)  Its  chemical  composition,  (4)  The  results  of  experiments  upon  it.  (5)  The 
effects  of  diseases.] 

(1)  Extirpation.- — The  spleen  may  be  removed  from  an  animal — old  or  young — 
without  the  organism  suffering  any  very  obvious  change  (Galen).  The  human 
spleen  has  been  successfully  removed  by  Kbherle,  Pean,  and  others.  As  a  result 
(compensatory  ?)  the  lymphatic  glands  enlarge,  but  not  constantly,  while  the  blood- 
forming  activity  of  the  red  marrow  of  bone  is  increased.  Small  brownish-red 
patches  were  observed  in  the  intestines  of  frogs  after  extirpation  of  the  spleen. 
These  new  formations  are  regarded  by  some  observers  as  compensatory  organs. 
Tizzoni  asserts  that  new  splenic  structures  are  formed  in  the  omentum  (horse,  dog) 
after  the  destruction  of  the  parenchyma  and  blood-vessels  of  the  spleen.  The  spleen, 
is  absent  extremely  seldom. 

[The  weight  of  the  animal  (dog)  diminishes  after  the  operation,  but  afterwards  increases. 
The  number  of  red  blood-corpuscles  is  lessened,  reaching  its  minimum  about  the  150th  to  the 
200th  day,  while  the  colourless  corpuscles  are  increased  in  number.  The  lymphatic  glands 
(especially  the  internal,  and  those  in  the  neck,  mesentery,  and  groin)  enlarge,  while  on  section 
the  cortical  substance  of  these  structures  is  redder,  owing  to  the  great  number  of  red  corpuscles, 
many  of  them  are  nucleated  in  the  lymph  spaces  (Gibson).  The  marrow  of  all  the  long  bones 
(those  of  the  foot  excepted),  becomes  very  red  and  soft,  with  the  characters  of  embrvonic  bone- 
marrow.  Such  animals  withstand  htemorrhage  (to  ^  of  the  total  amount  of  blood)  without  any 
specially  bad  results  ( Tizzoni,  Winorrradov).  Schindeler  observed  that  animals  after  extirpa- 
tion of  the  spleen  became  very  ravenous.] 

[Regeneration.— After  entire  removal  of  the  spleen,  nodules  of  splenic  tissue  are  reproduced 
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(fox)  ;  while  new  adenoid  tissue  is  formed  in  the  lymphatic  glands,  and  in  Payer's  patches, 
the  parenchyma  of  the  former  coming  to  resemble  splenic  tissue  ( Tizzoni,  Etc  mod).  ] 

(2)  According  to  Gerlacli  and  Funke  the  spleen  is  a  blood-forming  gland.  The 
blood  of  the  splenic  vein  contains  far  more  colourless  corpuscles  than  the  blood  of  the 
splenic  artery  (p.  14).  Many  of  these  corpuscles  undergo  fatty  degeneration,  and 
disappear  in  the  blood-stream.  That  colourless  blood-corpuscles  are  formed  within 
the  spleen  seems  to  be  proved  by  the  enormous  number  of  these  corpuscles  which 
are  found  in  the  blood  in  cases  of  leuktemia  {Bennett  (1852),  Virrliov).  Bizzozero  and 
8alvioli  found  that,  several  days  after  severe  ha?morrhage,  the  spleen  became  enlarged, 
and  its  parenchyma  contained  numerous  red  nucleated  ha^matoblasts. 

(3)  Other  observers  {KoUiker  and  Ecker)  regard  the  spleen  as  an  organ  in  which 
coloured  blood-corpuscles  are  destroyed,  and  they  consider  the  large  protoplasmic 
cells  containing  i)igment  granules  as  a  proof  of  this  (p.  12).  According  to  the 
observations  of  Kusnetzow,  these  structures  are  merely  lymph-corpuscles,  which,  in 
virtue  of  their  amoeboid  movements,  have  entangled  coloured  blood-corpuscles. 
[Such  corpuscles  exhibit  similar  properties  when  placed  upon  a  warm  stage.] 
Similar  cells  occur  in  extravasations  of  blood.  The  coloured  blood-corpuscles  within 
the  lymph-cells  gradually  become  disintegrated,  and  give  rise  to  the  production  of 
granules  of  ha^matin  and  other  derivatives  of  htemoglobin.  [The  spleen  contains 
.so  much  free  iron  that  a  section  of  this  organ,  esj)ecially  from  a  young  animal, 
when  treated  with  Tizzoui's  fluid,  i.e.,  with  potassic  ferrocyanide  and  hydrochloric 
acid,  gives  a  distinct  blue  colour  (§  174,  4).]  Hence,  the  spleen  contains  more 
iron  than  corresponds  to  the  amount  of  blood  present  in  it.  When  we  consider 
that  the  spleen  contains  a  large  number  of  extractives  derived  from  the  decomposi- 
tion of  proteids,  it  is  very  probable  that  coloured  blood-corpuscles  are  destroyed 
in  the  spleen.  Further,  the  juice  of  the  spleen  contains  salts  similar  to  those  that 
occur  in  the  red  blood-corpuscles. 

The  blood  from  the  spleen  is  said  to  have  undergone  other  changes,  but  the  following  state- 
ment must  be  accepted  with  caution  : — The  blood  of  the  splenic  vein  contains  more  water  and 
fibrin,  its  red  blood -corpuscles  are  smaller,  brighter,  less  flattened,  more  resistant,  and  do  not 
form  rouleaux  ;  its  htemoglobin  crystallises  more  easily,  and  there  is  a  large  proportion  of  O 
during  digestion. 

[The  spleen  has  therefore  very  direct  relations  to  the  blood ;  in  it  coloured  blood- 
corpuscles  undergo  disintegration,  it  produces  colourless  corpuscles,  and  it  is  said  to 
transform  white  corpuscles  into  red.] 

(4)  Contraction. — In  virtue  of  the  plain  muscular  fibres  in  its  capsule  and 
trabeculae,  the  spleen  undergoes  variations  in  its  volume.  Stimulation  of  the  spleen 
or  its  nerves,  by  cold,  electricity,  quinine,  eucalyptus,  ergot  of  rye,  and  other  "  splenic 
reagents"  causes  it  to  contract,  whereby  it  becomes  palei-,  and  its  surface  may  even 
appear  granular.  A  fter  a  meal,  the  spleen  increases  in  size,  and  it  is  usually  largest 
about  five  hours  after  digestion  has  begun,  i.e.,  at  a  time  when  the  digestive  organs 
have  almost  finished  their  work,  and  have  again  become  less  vascular.  After  a  time 
it  regains  its  original  volume.  For  this  reason  the  spleen  was  formerly  regarded 
as  an  apparatus  for  regulating  the  amount  of  blood  in  the  digestive  organs.  [The 
congestion  of  the  spleen  after  a  meal  is  more  probably  related  to  the  formation  of 
new  colourless  corpuscles  than  to  the  destruction  of  red  corpuscles.  It  may  be, 
however,  that  some  of  the  products  of  digestion  are  partially  acted  upon  in  the 
spleen,  and  undergo  further  change  in  the  liver.]  There  is  a  relation  between  the 
size  of  the  spleen  and  that  of  the  liver,  for  it  is  found  that  when  the  spleen 
contracts — e.g.,  by  stimulation  of  its  nerves — the  liver  becomes  enlarged,  as  if  it 
were  injected  with  more  blood  than  usual  (Brosdoio  and  BotschetscJikarow). 

[Oncograph. — Botkin,  and  more  recently  Eoy,  have  studied  various  conditions 
which  affect  the  size  of  the  spleen.  Boy  enclosed  the  spleen  of  a  dog  in  a  box 
with  rigid  walls,  the  oncograph  (oyxo?,  volume)  and  filled  with  oil  after  the  manner 
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of  the  plethysmograph  (§§  101,  27G).  Any  variations  in  the  size  of  the  organ 
caused  a  variation  in  the  amount  of  oil  witliin  the  box,  and  these  variations  were 
recorded.  The  blood-pressure  was  recorded  at  the  same  time.  The  circulation 
through  the  spleen  is  peculiar,  and  is  not  due  to  the  blood-pressure  within  the 
arteries,  but  is  carried  on  chiefly  by  a  rhythmical  contraction  of  the  muscular 
fibres  of  the  capsule  and  trabecuUt.  The  spleen  undergoes  very  regular  rhyth- 
mical contractions  (systole)  and  dilatations  (diastole).  This  alternation  of  systole 
and  diastole  may  last  for  houi's,  and  the  two  events  together  occupy  about  one  minute 
(fig.  124).    Changes  in  the  arterial  blood-pressure  have  comparatively  little  in- 


Fig.  l-2i. 

Tracing  of  a  splenic  curve,  reduced  one-half,  taken  with  the  oncograph.  The  upper  line  Avith 
large  waves  is  the  splenic  curve,  each  ascent  corresponds  to  an  increase,  and  each  descent 
to  a  diminution  in  the  volume  of  the  spleen.  The  curve  beneath  is  a  blood-pressure 
tracing  from  the  carotid  artery.  The  lowest  line  indicates  the  time,  the  interruption.s  of 
the  marker  occurring  every  two  seconds.  The  vertical  lines,  a  and  L,  give  the  relative 
positions  of  the  lever-point  of  the  oncograph,  and  of  the  point  of  the  recording  style  of  the 
kymograph  respectively  {Roy). 

fluence  on  the  volume  of  the  spleen.  The  rhythmical  contractions,  although 
modified,  still  go  on  after  section  of  the  splenic  nerves.  This  would  seem  to 
indicate  that  the  spleen  has  an  independent  (nervous)  mechanism  within  itself, 
causing  its  movements.] 

.[Influence  of  Nerves. — Section  of  the  splenic  nerves  is  followed  by  an  increase 
in  the  size  of  the  spleen.  The  nerves  have  their  centre  in  the  medulla  oblongata. 
Stimulation  of  the  medulla  oblongata,  either  directly  or  by  means  of  asphyxiated 
blood,  causes  contraction  of  the  spleen,  hence  the  spleen  is  "  small  and  contracted  " 
in  death  from  asphyxia.  The  fibres  proceed  down  the  cord,  and  leaving  it  in  the 
dorsal  region,  enter  the  left  splanchnic,  pass  through  the  semi-lunar  ganglion,  and 
thus  reach  the  splenic  plexus.  Stimulation  of  the  periplieral  ends  of  these  nerves 
causes  contraction  of  the  spleen,  and  .so  does  cold  applied  to  the  spleen  directly  or 
over  the  region  of  the  organ.  In  the  last  case  the  result  is  brought  about  reflexly. 
Botkin  found  that  the  application  of  the  induced  current  to  the  skin  over  the 
spleen,  in  a  case  of  leukaemia,  caused  well-marked  contraction  of  the  spleen  in  all 
its  dimensions,  and  the  result  lasted  some  time.  After  every  stimulation  the 
number  of  colourless  corpuscles  in  the  blood  increased,  and  the  condition  of  the 
])atient  improved.] 

[There  is  a  popular  notion  that  the  spleen  is  influenced  by  the  condition  of  the 
nervous  system.    Botkin  found  that  depressing  emotions  increased  its  size,  while 
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■exhilarating  ideas  diminished  it.  The  causes  of  these  changes  are  referable  not 
only  to  changes  in  the  amount  of  blood  in  the  spleen,  but  also  to  the  greater  or  less 
degree  of  contraction  of  its  muscular  tissue.  And  it  would  appear  that,  like  the 
small  arteries,  the  muscular  tissue  of  the  spleen  is  in  a  state  of  tonic  contraction. 
The  size  of  the  spleen  may  be  influenced  reflexly.  Thus,  Tarchanotf  found  that 
-stimulation  of  the  central  end  of  the  vagus,  when  the  splanchnics  were  intact, 
oaused  contraction  of  the  spleen,  while  stimulation  of  the  central  end  of  the 
sciatic  also  caused  contraction,  but  to  a  less  degree.  It  is  quite  certain  that  all  the 
phenomena  are  not  due  to  the  action  of  vaso-motor  nerves  on  the  splenic  blood- 
vessels. There  is  a  certain  amount  of  independent  action  of  the  muscular  fibres  of 
the  organ,  and  it  is  not  improbable  that  the  innervation  of  the  spleen  is  similar  to 
the  innervation  of  arteries,  and  that  it  has  a  motor  centre  in  the  cord  capable  of 
being  influenced  reflexly  by  atlerent  nerves,  while  it  also  sends  out  efferent  im- 
pulses.] 

[Stimulation  of  (1)  the  central  end  of  a  sensory  nerve  ;  (2)  of  the  peripheral  ends 
of  both  splanchnics ;  (3)  of  the  peripheral  ends  of  both  vagi,  causes  contraction  of 
the  spleen.  But  even  after  section  of  the  splanchnics  and  vagi,  stimulation  of  a 
sensory  nerve  still  causes  contraction,  so  that  there  must  be  some  other  channel  as 
yet  unknown  {Roy).  Bochefontaine  found  that  electrical  stimulation  of  certain 
parts  of  the  cortex  cerebri  produced  contraction  of  the  spleen.]  Sensory  nerves 
seem  to  occur  only  in  the  peritoneum  covering  the  spleen. 

Pressure  on  the  splenic  vein  causes  enlargement  of  the  spleen,  hence,  increased  pressure  in 
this  vein  (congestion  of  the  portal  vein,  cessation  of  hremorrlioidal  and  menstrual  discharges) 
also  causes  its  enlargement.  With  regard  to  the  action  of  "  splenic  reagents,"  such  as  quinine, 
on  the  contraction  of  the  spleen,  Binz  is  of  opinion  that  this  drug  retards  the  formation  of  the 
colourless  blood-corpuscles,  so  that  its  chief  function  is  interfered  with  and  the  organ  becomes 
less  vascular.  It  is  not  definitely  decided,  however,  whether  it  is  contraction  or  dilatation  of 
the  spleen  that  alters  the  proportion  of  red  and  white  corpuscles  in  the  blood. 

Splenic  Tumours. — The  increase  in  size  of  the  spleen  in  various  diseases  early  attracted  the 
attention  of  physicians.  The  healthy  spleen  undergoes  several  variations  in  volume  during 
the  course  of  a  day,  corresponding  with  the  varying  activity  of  the  digestive  organs.    In  this 

In  many  fevers  the  spleen  becomes  greatly  enlarged, 
j>robably  due  to  paralysis  of  its  nerves.  It  is  greatly 
increased  in  intermittent  fever  or  ague,  and  often 
during  the  course  of  typhus.  When  it  becomes  ab- 
normally enlarged,  and  remains  so  after  repeated 
attacks  of  the  ague,  it  is  greatly  hypertrophied,  and 
constitutes  "ague  cake." 
In  cases  of  splenic  leukannia 
it  is  greatly  enlarged,  and 
at  the  same  time  there  is  a 
great  increase  in  the  number 
of  colourless  corpuscles  in 
the  blood  and  also  a  decrease 
of  the  coloured  ones  (§  10). 

II.  The  Thymus. — During 
fcetal  life  this  gland  is  largely 
developed,  and  it  increases 


respect  the  spleen  resembles  the  arteries. 


during  the  first  two  or  three 
years  of  life,  remaining  sta- 
tionary until  the  tenth  or 
fourteenth  year,  when  it  be- 
lt, wun  atrophv  and  undergo 
fattv  degeneration.  [The  de- 


Section  of  the  thymus  gland  of  a  cat,  with 
one  complete  lobule  with  a 

part  a,  and  a  centre,  b.  a,  lymphoid  generation  begins  at  the 
tissue  ;  f,  blood-vessels  injected ;  d,  con-  ^^^^^  ^^^^  ^^^^^  lo])ule  and 
nective-tissue.  progresses  inwards  {His).] 

Structure.— "  It  consists  of  an  aggregation  of  lymph-follicles  (resembling  the 


Fig.  126, 

Elements  of  the  thymus 
(  X  300).  a,  lyinph- 
corpuscles ;  h,  con- 
centric corpuscle  of 
Hassall. 

lands  of 


Pever)  or  masses  of  adenoid  tissue  held  together  by  a  framework  of  connective-tissue  which 
contains  blood-vessels,  lymphatics,  and  a  few  nerves  (fig.  125).  The  framework  of  connective- 
tissue  gives  olf  septa  which  divide  the  gland  into  lobes,  these  being  further  subdivided  by  huer 
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septa  into  lobules,  the  lolmles  being  separated  by  fine  intra-lobular  lamelke  of  connective-tissue 
into  follicleB  {0'5-l"5  mm.)-  These  follicles  make  up  the  gland-substance,  and  they  are  usually 
polygonal  when  seen  in  a  section.  Each  follicle  consists  of  a  cortical  and  a  medullary  part, 
and  the  matrix  or  framework  of  both  consists  of  a  fine  adenoid  reticulum  whose  meshes  are 
filled  with  lymph-corpuscles"  (fig.  126,  «).]  Many  of  these  corpuscles  exhibit  various  stages 
of  disintegration.  In  the  medulla  are  found  the  concentric  corpuscles  of  Hassall.  ["They 
consist  of  a  central  granular  part,  around  which  are  dis])Osed  layers  of  fiattened  nucleated 
endothelial  cells  arranged  concentrically.  When  seen  in  a  section  they  resemble  the  'cell- 
nests'  of  epithelioma  (fig.  126,  b).  They  have  also  been  compared  to  similar  bodies  whick 
occur  in  the  prostate.  They  are  most  numerous  when  the  gland  undergoes  its  retrogi-ade- 
metamorphosis."  Sig.  Mayer  finds  that  the  thymus  of  the  frog  contains  structures,  with 
transverse  markings,  identical  with  the  stripes  of  striped  muscular  fibres.  The  structures  are- 
identical  with  those  called  "  sarcoplasts  "  by  ISlargo  and  Paneth,  and  "  sarcolytes  "  by  Sig. 
Mayer.  They  also  occur  in  large  numbers  in  the  tail  of  the  larvic  of  batrachians,  when  the  tail, 
is  undergoing  a  retrograde  metamorphosis.] 

Simon,  His,  and  others  described  a  convoluted  blind  canal,  the  "central  canal,"  as  occur- 


Other  observers,, 
a  lymphatic  or  an 
of  the  organ,  and 
[They  seem  to  be 
gland.  ]  Numerous 


ring  within  the  gland,  and  on  it  the  follicles  were  said  to  be  placed 
Jendrassik  and  Klein,  either  deny  its  existence  or  regard  it  merely  as 
artificial  product.    Numerous  fine  lymphatics  penetrate  into  the  interior 
many  are  distributed  over  its  surface,  but  their  mode  of  origin  is  unknown, 
channels  through  which  the  lymph-corpuscles  are  conveyed  away  from  the 
blood-vessels  are  also  distributed  to  the  septa  and  follicles  (fig.  125,  c). 

Chemical  Composition. — Besides  gelatin,  albumin,  soda-albumin,  there  are  sugar  and  fat, 
leucin,  xanthin,  hypoxanthin,  formic,  acetic,  butyric,  and  .succinic  acids.  Potash  and 
phosphoric -acid  are  more  abundant  in  the  as/t  than  soda,  calcium,  magnesium  (?  ammonium), 
chlorine,  and  sulphuric  acid. 

Function. — As  long  as  it  exists,  it  seems  to  perform  the  functions  of  a  true  lymph-gland. 
This  view  is  supported  by  the  fact  that  in  reptiles  and  amphibians,  which  do  not  possess 
lymph-glands,  the  thymus  remains  as  a  permanently  active  organ.  [Extirpation  gave  few  positive 
results,  but  chenucal  investigation  shows  that  the  parenchyma  contains  a  large  number  of 
products  indicating  considerable  metabolic  activity  (Friedlebcn).'] 

in.  The  Thyroid. — Structure. — The  gland  consists  of  lobes  and  lobules  held  together  by 
connective-tissue  rich  in  cells.    Each  lobule  is  made  up  of  numerous  completely  closed  sacs 

(0"04  toO'l  mm.  in  diameter),  which 
in  the  embryo  and  the  newly-born 
animal  are  composed  of  a  mcmbrana 
propria  lined  by  a  single  layer  of 
nucleated  cubical  cells  (fig.  127). 
The  sacs  contain  a  transj)arent,  viscid, 
albuminous  fluid.  [Not  unfrequently 
the  sacs  contain  many  coloured  blood - 
corpuscles  (Bahcr).  ]  Each  sac  is  sur- 
rounded by  a  plexus  of  capillaries 
which  do  not  penetrate  the  mem- 
brana  propria.  There  are  also  numer- 
ous lymphatics.  At  an  early  period 
the  sacs  dilate,  their  cellular  lining 
atrophies,  and  their  contents  undergo- 
colloid  degeneration.  When  the 
gland-vesicles  are  greatly  enlarged, 
"goitre"  is  produced. 

The  chemical  composition  of  this 
gland  has  not  been  much  investigated. 
In  addition  to  the  ordinary  constitu- 
ents, leucin,  xanthin,  sarkin,  lactic, 
succinic,  and  volatile  fatty  acids  have 
been  found. 

[Excision.— The  effects  differ  ac- 
rp,  .     ,     ,  ,     ,  .    ,  .     ,    ,  ,  .  cording  to  the  animal  operated  on. 

Ihis  gland  has  been  excised  in  the  human  subject  in  cases  of  goitre.  Reverdin  pointed  out  that 
a  peculiar  condition  results,  called  cachexia  stumipriva,  and  practically  the  human  being 
becomes  a  cretin.  This  operation  therefore  is  highly  questionable  when  performed  on  man 
Rabbits  endure  the  operation  well,  and  so  do  the  sheep,  calf,  and  horse.  Of  dogs  cats  and 
foxes,  only  a  very  small  number  survive,  nearly  all  die.  It  appears  therefore  that  herbwora  bear 
the  operation  and  suffer  fewer  after-effects  than  carnivora  {Sanquirico  and  Orccchia)  The 
immediate  effects  are  fibrillar  contractions,  which  ultimately  influence  the  gait  of  the  animals 
convulsions,  ana'sthesia,  great  diminution  of  sensibility,  loss  of  flesh,  redness  of  the  ears  and 


Fig.  127. 

Section  of  the  thyroid  gland,  a,  closed  vesicles;  h,  dis- 
tended by  colloid  masses  and  lined  by  low  columnar 
epithelium  ;  c,  inter-vesicular  connective-tissue. 
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intense  heat  of  the  skin  (which  disappear  after  several  days),  diHiculty  in  seizing  and  eatiiii,'  food, 
kerato-eonjunctivitis,  and  frequently  disturbance  of  the  rhythm  of  resi)iration  with  dyspncea  and 
spasms  ot  the  abdominal  muscles  (Schif).  The  arterial  blood  contains  about  the  same  amount  of 
O  as  venous  blood.  Certain  parts  of  the  peripheral  nerves  undergo  a  kind  of  degeneration  similar 
to  that  found  after  nerve-stretching.  There  is  albuminuria  and  fall  of  the  blood-pressure.  Death 
iisually  occurs  between  the  third  and  fourth  day,  the  animals  being  comatose  {Wtupicr).  Schiff 
found  that  it  one-half  of  the  gland  was  excised  at  once,  and  the  other  half  a  month  afterwards, 
death  did  not  occur ;  but  AVagner  denies  this,  for  he  asserts  that  the  remaining  half  hypcrtiophies, 
and  if  it  be  excised,  death  occurs  with  the  usual  symptoms.  In  monkeys,  five  days  after  the 
operation,  there  are  symptoms  of  nervous  disturbance.  The  animals  have  lost  their  appetite,  there 
are  tibriliar  contractions  of  the  muscles  of  the  face,  hands,  and  feet,  but  the  tremors  disappear  on 
voluntary  effort.  The  appetite  returns  and  is  increased,  but  notwithstanding,  the  animal  grows 
thin  and  pale  ;  while  the  tremors  increase  and  affect  all  the  muscles  of  the  body.  These  tremors 
are  of  coUral  origin,  because  they  disappear  on  dividing  the  nerve.  Thus  there  is  profound 
alteration  of  the  motor  powers.  Amongst  the  outward  syrai>toms  are  putfiness  of  the  evelids, 
swelling  of  the  abdomen,  increased  hebetude,  and  dyspncea,  while  afterwards  there  is  a'fall  of 
the  temperature  and  imbecility  ;  the  tremors  disappear,  there  is  a  palor  of  the  skin,  and  ulti- 
mately after  five  to  seven  weeks  the  animals  die  comatose.  Thus  there  is  a  slow  onset  of  hebetude, 
terminating  in  imbecility.  Very  remarkable  changes  occur  in  the  blood.  There  is  a  steady  fall 
of  tlie  blood-pressure;  a  diminution  of  the  red  blood-corpuscles,  or  rather  profound  anemia; 
leucocythi^Mnia,  the  colourless  corpuscles  being  increased  to  the  ratio  of  four  to  fourteen ;  and 
lastly  mucin  is  present  in  the  blood,  although  normally  it  is  not  so.  The  salivary  gianils  arc 
hypertrophied,  owing  to  the  presence  of  mucin,  which  is  found  even  in  the  parotid,  although 
this  is  normally  a  serous  gland  (§  141).  The  swelling  of  the  abdomen  is  due  to  hypertrophy  of 
the  great  omentum.  Mucin  is  found  in  the  peritoneal  fluid,  and  the  spleen  is  also  enlarged. 
Thus  these  symptoms  present  many  features  in  common  with  those  of  myxoedema  as  described 
by  Old  {v.  Horsley),] 

[Stages. — Horsley  distinguishes  three  stages.  In  the  first  or  neurotic  stage,  the  animals 
exhibit  constant  tremors,  8  per  second,  and  young  animals  do  not  appear  to  survive  this  stage. 
In  the  second  or  mucinoid  stage,  mucin  is  deposited  in  the  tissues  and  blood  ;  this  change, 
however,  is  only  seen  to  perfection  in  monkeys.  If  these  animals  be  kept  at  a  high  artificial 
temperature,  their  life  is  considerably  prolonged.  In  the  third,  atrophic,  or  marasmic  period, 
the  animals  die  of  marasmus,  while  they  lose  their  excess  of  mucin.  Age  seems  to  exert  an 
important  influence  in  thyroidectomy  ;  young  dogs  survive  but  a  short  time,  while  old  dogs 
merely  exhibit  symptoms  of  indolence  and  incapacity  ;  and,  as  a  matter  of  fact,  the  activity  of 
the  gland  seems  to  be  most  active  when  tissue-metabolism  is  most  active.] 

[The  following  table,  after  Horsley,  indicates  the  symptoms  that  follow  loss  of  the  function 
of  the  thyroid  gland. 


Stages. 

Duration. 

Symptoms. 

Uemarks. 

I.  Neurotic. 
II.  Mucinoid. 

m.  Atrophic. 

1  to  2  weeks  in  dogs ; 

1   to  3  weeks  in 

monkeys. 
^  to  1  week  in  dogs ; 

3   to  7  Aveeks  in 

monkeys. 

5  to  8  weeks  in  mon- 
keys. 

Tremors,  rigiditj-,  dys- 
pncea. 

Commencing  hebetude 
and  mucinoid  degen- 
eration of  the  connec- 
tive-tissues. 

Complete  imbecility  and 
atrophy  of  all  tissues, 
especially  muscles. 

Young  dogs  and  monkeys 
alike  die  in  this  stage. 

Dogs  survive  only  to  the 
beginning  of  this  stage ; 
monkeys  die  at  the  end, 
if  not  ti'eated. 

Monkeys  survive  accord- 
ing to  the  temperature 
of  the  air-bath.] 

Functions. — The  functions  of  the  thyroid  gland  are  very  obscure.  Perhaps  it  may  be  an 
apparatus  for  regulating  the  blood-supply  to  the  head  (?).  It  becomes  enlarged  in  Basedow's 
disease,  in  which  there  is  great  palpitation,  as  well  as  protrusion  of  the  eyeball  or  exophthalmos, 
which  seem  to  depend  upon  a  simultaneous  stimulation  of  the  accelerating  nerve  of  the  heart, 
and  the  sympathetic  fibres  of  the  smooth  muscles  in  the  orbital  cavity  and  the  eyelids,  as  well 
as  of  the  inhibitory  fibres  of  the  vessels  of  the  thyroid.  In  many  localities  it  is  common  to  find 
swelling  of  the  thyroid  constituting  goitre,  which  is  sometimes,  but  far  from  invariably,  associ- 
ated with  idiocy  and  cretinism.  [Horsley  finds  that  its  removal  is  the  essential  cause  of 
myxoedema  and  cretinism.  He  regards  it  (1)  as  a  blood-forming  gland,  so  that  it  has  a  hajma- 
poietic  function,  but  Gibson  finds  no  grounds  for  supporting  this  view.  During  the  ana;mia 
resulting  from  its  removal,  the  blood  of  the  thyroid  vein  contains  7  per  cent,  more  red  blood- 
corpuscles  than  the  corresponding  artery  [Horsley).  (2)  It  seems  to  regulate  the  formation  of 
mucin  in  the  body.  After  its  removal  the  normal  metal)olism  is  no  longer  maintained,  and 
there  is  a  corresponding  increasingly  defective  condition  of  nutrition.] 
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In  the  Tunicata,  this  glauil,  rej)resented  bj'  a 


secretes  a 


digestive 


fluid.    In  verte- 


brates, it  is  an  organ  whicli  has  undergone  a  retrograde  change  (Gegenbaur). 

IV.  The  Suprarenal  Capeulee. — Structure. — These  organs  are  invested  by  a  thin  capsule 
whicli  sends  processes  into  the  substance  of  the  organ.  They  consist  of  an  outer  (broad)  or 
cortical  layer  and  an  inner  (narrow)  or  medullary  layer.  The  former  is  yellowish  in  colour, 
tirni  and  striated,  while  the  latter  is  softer  and  deeper  in  tint.  In  the  outermost  zone  of  the 
cortex  (fig.  128,  b),  the  trabeculfe  form  polygonal  meshes,  which  contain  the  cells  of  the  gland- 
substance  ;  in  the  broader  middle  zone  the  meshes  are  elongated,  and  the  cells  filling  them  are 
arranged  in  columns  radiating  outwards.    Here  the  cells  are  transparent  and  nucleated,  often 

containing  oil-globules  ;  in  the  innermost  narrow  zone 
the  polygonal  arrangement  prevails,  and  the  cells  often 
contain  yellowish-brown  pigment.  In  the  medulla 
(c),  the  stroma  forms  a  reticulum  containing  groups  of 
cells  of  very  irregular  shape.  Numerous  blood-vessels 
occur  in  the  gland,  especially  in  the  cortex.  [The 
nerves  are  extremely  numerous,  and  are  derived  from 
the  renal  and  solar  plexuses.  Many  of  the  fibres  are 
mednllated.  After  they  enter  the  gland,  numerous 
ganglionic  cells  occur  in  the  plexuses  which  they  form. 
Indeed,  some  observers  regard  the  cells  of  the  medulla 
as  nervous.  Undoubtedlj'^,  numerous  multipolar  nerve- 
cells  exist  within  the  gland.] 

Chemical  Composition. — The  suprarenals  contain 
the  constituents  of  connective-  and  nerve-tissue  ;  also 
leucin,  hypoxantbin,  benzoic,  hippuric,  and  tauro- 
cholic  acids,  tauiin,  inosit,  fats,  and  a  body  which 
becomes  pigmented  by  oxidation.  Amongst  inorganic 
substances  potash  and  phosphoric  acid  are  most  abun- 
dant. 

The  function  of  the  suprarenal  bodies  is  very  ob- 
scure. It  is  noticeable,  however,  that  in  Addison's 
disease  ("bronzed  skin  "),  which  is  perhaps  primarily 
a  nervous  affection,  these  glands  have  frequently,  but 
not  invariably,  been  found  to  be  diseased.  Owing  to 
the  injury  to  adjacent  abdominal  organs,  extirpation 
of  these  organs  is  often,  although  not  always,  fatal ; 
in  dogs  pigmented  patches  have  been  found  in  the  skin 
near  the  mouth.  Brown  Sequard  thinks  they  may  be 
concerned  in  preventing  the  over-production  of  pig- 
ment in  the  blood. 

[Spectrum. — MacMunn  finds  that  the  medulla  of 
the  suprarenal  bodies  (in  man,  cat,  dog,  guinea-pig, 
Section  of  a  human  suprarenal  capsule,  'at,  &c.)  gives  the  spectrum  of  hiemochromogen  (§  18), 
a,  capsule  ;  h,  gland-cells  of  the  cortex  }^'l"le  the  cortex  shows  that  of  what  he  calls  histo- 
arranged  in  columns  ;  c,  glandular  net- 
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work  of  the  medulla  ;  d,  blood-vessels. 


hsematin,  the  latter  being  a  group  of  respiratory  pig 
ments.  He  finds  that  ha;mocliromogen  is  only  found 
in  excretory  organs  (the  bile,  the  liver),  hence  he  re- 
gards the  medulla  as  excretory,  so  that  part  of  the  function  of  the  adrenals  may  be  "to  meta- 
morphose effete  haemoglobin  or  haamatin  into  hiemochromogen,"  and  when  they  are  diseased, 
the  effete  pigment  is  not  removed,  hence  the  pigmentation  of  the  skin  and  mucous  membranes. 
Taurocholic  acid  has  been  found  in  the  medulla  by  A'^ulpian,  and  pyro-catechin  by  Krukenberg, 
MacMunn  believes  that  "they  have  a  large  share  in  the  downward  metamorphosis  of  colouring 
matter. "] 

V.  Hypophysis  Cerebri— Coccygeal  and  Carotid  Glands.— The  hypophysis  cerebri,  or 
pituitary  body,  consists  of  an  anterior  lower  or  larger  lobe,  partly  embracing  the  posterior  lower 
or  smaller  lobe.  These  two  lobes  are  distinct  in  their  structure  and  development.  The  posterior 
lobe  is  a  part  of  the  brain,  and  belongs  to  the  infundibulum.  The  nervous  elements  are  dis- 
placed by  the  ingrowth  of  connective-tissue  and  blood-vessels.  The  anterior  portion  represents 
an  inflected  and  much  altered  portion  of  ectoderm,  from  which  it  is  developed.  It  contains 
gland-like  structures,  with  connective-tissue,  lymphatics,  and  blood-vessels,  the  whole  being 
surrounded  by  a  capsule.  According  to  Ecker  and  Mihalkowicz,  it  resembles  the  suprarenal 
capsule  in  its  structure,  while,  according  to  other  observers,  in  some  animals  it  is  more  like  the 
thyroid.  Its  functions  are  entirely  unknown.  [Excision. —Horsley  has  removed  this  gland 
twice  successfully  in  dogs,  which  lived  from  five  to  six  months.  No  nervous  or  other  symptoms 
were  noticed,  but  when  the  cortex  of  the  brain  was  exposed  and  stimulated,  a  great  increase  in 
the  excitability  of  the  motor  regions  was  induced,  even  slight  stimulation  being  followed 
violent  tetanus  and  prolonged  epilepsy.] 
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Coccygeal  and  Carotid  Glands.— The  former,  which  lies  on  the  tip  of  the  coccyx,  is  composed 
to  a  large  extent  of  plexuses  of  small,  more  or  less  cavernous,  arteries,  supported  and  enclosed 
by  septa  and  a  capsule  of  connective- tissue  {Luschka).  Between  these  lie  polyhedral  granular 
cells  arranged  in  networks.  The  carotid  gland  has  a  similar,  structure  (p.  77).  Their  functions 
are  quite  unknown.  Perhaps  both  organs  may  be  regarded  as  the  remains  of  embryonal  blood- 
vessels (Arnold). 

104-  COMPABATIVE.— The  heart  in  fishes  (fig.  129,  1.),  as  well  as  in  the  larvie  of  amphi- 
bians with  gills,  is  a  simple  venous  heart,  consisting  of  an  auricle  and  a  ventricle.  The 
ventricle  propels  the  blood  to  the  gills,  where  it  is  oxygenated  (arterialised)  ; 
▲  thence  it  passes  into  the  aorta  to  be  distributed  to  all  parts  of  the  body,  ami 

lilUi  r  returns  through  the  capillaries  of  the  body  and  the  veins  to  the  heart.  Tiie 
amphibians  (frogs)  have  two  auricles  :ind  one  ventricle  (Frog,  II.).  From 
the  latter  there  proceeds  one  vessel  which  gives  off  the  pulmonary  arteries, 
and  as  the  aorta  supplies  the  rest  of  the  body  with  blood,  the  veins  of  the 
/  systemic  circulation  carry  their  blood  to  the  right  auricle,  those  of  the  lung 
into  the  left  auricle.    In  fishes  and  amphibians  there  is  a  dilatation  at  tlie 
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Fig.  129. 

Schemata  of  the  circulation.  I.  Fish. — A,  auricle  ;  S,  sinus  veuosus  ;  V,  ventricle  ;  B,  bulbus 
aortJE  ;  c,  branchial  arteries  ;  i,  branchial  vessels  ;  Vv,  branchial  veins  :  E,  circulus  cephali- 
cus  aorta;  ;  F,  common  aorta  ;  G,  caudal  artery  ;  IT,  duct  of  Cuvier  ;  /,  anterior,  and  K, 
posterior  cardinal  veins  ;  L,  caudal  vein  ;  M,  M,  kidneys.  II.  Frofi. — I,  sinus  venosus  ;  II, 
and  III,  right  and  left  auricles  ;  IV,  ventricle  ;  Y,  aorta  with  the  bulb  ;  1,  pulmonary 
arteries  ;  2,  arch  of  the  aorta  ;  3,  carotid  ;  4,  lingual  ;  5,  carotid  gland,  and  6,  axillary 
arteries  ;  7,  common  aorta  ;  8,  cadiac  artery  ;  9,  cutaneous  artery  ;  Fv,  pulmonary  veins  ; 
p,  p,  lungs.  III.  Saurians. — I,  right  auricle,  with  the  vensc  cavse  ;  II,  right  ventricle  ; 
III,  left  auricle  ;  IV,  left  ventricle  ;  V,  anterior  common  aorta ;  1,  i)ulmonary  artery  ; 
2,  arch  of  the  aorta  ;  3,  carotid  artery  ;  4,  posterior  common  aorta  ;  5,  cceliac,  and  6, 
subclavian,  arteries  ;  7,  pulmonary  veins  ;  8,  lungs.  IV.  Tortoise. — I,  right  auricle  with 
the  venae  cavse  ;  II,  right,  and  IV,  left  ventricles  ;  III,  left  auricle  ;  1  and  2,  right 
and  left  aortje  ;  3,  po.sterior  common  aorta  ;  4,  creliac,  5,  subclavian,  6,  carotid,  and  7, 
pulmonary  arteries  ;  8,  pulmonary  veins. 

commencement  of  the  aorta,  the  bulbus  arteriosus,  which  is  partly  provided  with  strong  muscles. 
The  reptiles  (III.)  possess  two  separate  auricles,  and  two  imperfectly  separated  ventricles. 
The  aorta  and  pulmonary  artery  arise  separately  from  the  two  latter  chambers.  The  venous 
blood  of  the  systemic  and  pulmonary  circulations  flows  separately  into  the  right  and  left  auricles, 
and  the  two  streams  are  mixed  in  the  ventricle.  In  some  reptiles  the  opening  in  the  ventricular 
septum  seems  capable  of  being  closed.  The  complete  separation  of  the  ventricle  into  two  is 
seen  in  fig.  IV.,  in  the  tortoise.  The  lower  vertebrates  have  valves  at  the  orifices  of  the  venai 
cavae,  whicli  are  nidimentary  in  birds  and  some  mammals.    All  birds  ami  mammals  have  two 
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completely  separate  auricles  and  two  separate  ventricles.  In  the  lialicore  the  apex  of  the  ven- 
tricles is  deeply  cleft.  Some  animals  have  accessory  hearts,  e.g.,  the  eel  in  its  caudal  vein. 
They  are  very  probably  lymph-hearts  (Robin).  The  veins  of  the  wing  of  the  bat  pulsate  [ScMff). 
The  lowest  vertebrate,  amphioxus,  has  no  heart,  but  only  a  rhythmically-pulsating  vessel. 

Amongst  blood-glands,  the  thymus  and  spleen  occur  throughout  the  vertebrata,  the  latter 
beini'  absent  only  in  amphioxus  and  a  few  fishes. 

Amon"st  invertebrata  a  closed  vascular  system,  with  pulsatile  movement,  occurs  here  and 
there,  amongst  echinodermata  (star-fishes,  sea-urchins,  holothurians)  and  the  higher  worms. 
The  insects  have  a  pulsating  ^'dorsal  vessel"  a,s  the  cential  organ  of  the  circulation,  which 
is  a  contractile  tube  provided  with  valves  and  dilated  by  muscular  action  ;  the  blood  being 
propelled  rhythmically  in  one  direction  into  the  spaces  which  lie  amongst  the  tissues  and  organs, 
so  that  these  animals  do  not  possess  a  closed  vascular  system.  The  mollusca  have  a  heart  with 
a  lacunar  vascular  system.  The  cephalopods  (cuttle-fish)  have  three  hearts — a  simple  arterial 
heart,  and  two  venous  simple  gill-hearts,  each  placed  at  the  base  of  the  gills.  The  vessels  form 
a  completely  closed  circuit.  The  lowest  animals  have  either  a  pulsatile  vesicle,  which  propels 
the  colourless  juice  into  the  tissues  (infusoria),  or  the  vascular  apparatus  may  be  entirely 
absent. 

105.  HISTOEICAL  RETEOSPECT.— The  ancients  held  various  theories  regarding  the 
movement  of  the  blood,  but  they  knew  nothing  of  its  circulation.  According  to  Aristotle 
(384  ]i.c. ),  the  heart,  the  acropolis  of  the  body,  prepared  in  its  cavities  the  blood,  which 
streamed  through  the  arteries  as  a  nutrient  fluid  to  all  parts  of  the  body,  but  never  returned 
to  the  heart.  With  Herophilus  and  Erasistratus  (300  B.C.),  the  celebrated  physicians  of  the 
Alexandrian  school,  originated  the  erroneous  view  that  the  arteries  contain  air,  which  was 
supplied  to  them  by  tlie  respiration  (hence  the  name  artery).  They  were  led  to  adopt  this 
view  from  the  emjity  condition  of  the  arteries  after  death.  By  experiments  u])on  animals, 
Galen  disproved  this  view  (131-201  a.d.  ) — "Whenever  I  injured  an  artery,"  he  says,  "  blood 
always  flowed  from  the  wounded  vessel.  On  tying  part  of  an  artery  between  two  ligatures,  the 
part  of  the  artery  so  included  is  always  filled  with  blood." 

Still,  the  idea  of  a  single  centrifugal  movement  of  the  blood  was  retained,  and  it  was  assumed 
that  the  right  and  left  sides  of  the  heart  communicated  directly  by  means  of  openings  in 
the  septum  of  the  heart,  until  Vesalius  showed  that  there  are  no  openings  in  the  septum.  Michael 
Servetus  (a  Spanish  monk,  burned  at  Geneva,  at  Calvin's  instigation,  in  1553)  discovered 
the  i)ulmonary  circulation.  Cesalpinus  confirmed  this  observation,  and  named  it  "  Circulatio." 
Fabricius  ab  Aijuapendeiite  (Padua,  1574)  investigated  the  valves  in  the  veins  more  carefully 
(although  they  were  known  in  the  5th  century  to  Theodoretus,  Bishop  in  Syria),  and  he  was 
acquainted  with  the  centripetal  movement  of  the  blood  in  the  veins.  Up  to  this  time  it  Avas 
imagined  that  the  veins  carried  blood  from  the  centre  to  the  periphery,  although  Vesalius 
was  acfpiainted  with  the  centripetal  direction  of  the  blood-stream  in  the  large  venous  trunks. 
At  length  William  Harvey,  who  was  a  pupil  of  Fabricius  (1604),  demonstrated  the  complete 
circulation  (1616-1619),  and  published  his  great  discovery  in  1628.  [For  the  history  of  the 
discovery  of  the  circulation  of  the  blood,  see  the  works  of  Willis  on  "  W.  Harvey,"  "  Servetus 
and  Calvin,"  those  of  Kirchner,  and  the  various  Harveian  orations.] 

According  to  Hippocrates,  the  heart  is  the  origin  of  all  the  vessels  ;  he  was  acquainted  with 
the  large  vessels  arising  from  the  heart,  the  valves,  the  chords  tendiuefe,  the  auricles,  and  the 
closure  of  the  .semi-lunar  valves.  Aristotle  was  the  first  to  apply  the  terms  aorta  and  venae 
cav:e  ;  the  school  of  Erasistratus  used  the  term  carotid,  and  indicated  the  functions  of  the 
venous  valves.  In  Cicero  a  distinction  is  drawn  between  arteries  and  veins.  Celsus  mentions 
that  if  a  vein  be  struck  below  the  spot  where  a  ligature  has  been  applied  to  a  limb,  it  bleeds, 
while  Aretaeus  (50  a.d.)  knew  that  arterial  blood  was  bright  and  venous  dark.  Pliny  (f  79 
A.D.)  described  the  pulsating  fontanelle  in  the  child.  Galen  (131-203  a.d.)  was  acquainted 
with  the  existence  of  a  bone  in  the  septum  of  the  heart  of  large  animals  (ox,  deer,  elephant). 
He  also  surmised  that  the  veins  communicated  with  the  arteries  by  fine  tubes.  The  demon'- 
stration  of  the  capillaries,  however,  was  only  possible  by  the  use  of  the  microscope,  and 
employing  this  instrunient,  Malpighi  (1661)  was  the  first  to  demonstrate  the  capillary  circula- 
tion. Leuwenhoek  (1674)  described  the  capillary  circulation  more  carefully,  as  it  may  be  seen 
in  the  web  of  the  frog's  foot  and  other  transparent  membranes.  Blancard  (1676)  proved  the 
existence  of  capillary  passages  by  means  of  injections.  AVilliam  Cooper  (1697)  proved  that  the 
same  condition  exists  in  warm-blooded  animals,  and  Ruysch  made  similar  injections.  Stenson 
(born  1638)  established  the  muscular  nature  of  the  heart,  although  the  Hippocratic  and 
Alexandrian  schools  had  already  surmised  the  fact.  Cole  proved  that  the  sectional  area  of  the 
blood-stream  became  wider  towards  tlie  capillaries  (1681).  Joh.  Alfons  Borelli  (1608-1679)  was 
the  first  to  estimate  the  amount  of  work  done  by  the  heart. 
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The  object  of  respiration  is  to  supply  the  oxygen  necessary  tor  the  oxidation- 
processes  that  go  on  in  the  body,  as  well  as  to  remove  the  carbon  dioxide  formed 
within  the  body.  The  most  important  organs  for  this  purpose  are  the  lungs. 
There  is  an  outer  and  an  inner  respiration — the  former  embraces  the  exchange  of 
gases  between  the  external  air  and  the  blood-gases  of  the  respiratory  organs  (lungs 
and  skin) — the  latter,  the  exchange  of  gases  between  the  blood  in  the  capillaries  of 
the  systemic  circulation  and  the  tissues  of  the  body. 

[The  pulmonary  apparatus  consists  of  (1)  an  immense  number  of  small  sacs — 
the  air-vesicles — filled  with  air,  and  covered  externally  by  a  very  dense  plexus  of 
capillaries;  (2)  air-passages — the  nose,  pharynx,  larynx,  trachea,  and  bronchi 
communicating  with  (1);  (3)  the  thorax  with  its  muscles,  acting  like  a  pair  of 
bellows,  and  moving  the  air  within  the  lungs.] 

106.  STRUCTURE  OF  THE  AIR-PASSAGES  AND  LUNGS. -The  kings  are  compound 
tubular  glands,  which  separate  COo  from  the  blood.  Each  lung  is  provided  with  an  excretory 
duct  (bronchus)  which  joins  the  common  respiratory  passage  of  both  lungs — the  trachea. 

Trachea. — The  trachea  and  extra-pulmonary  bronchi  are  similar  in  structure.  The  basis  of 
the  trachea  consists  of  16-20  C-shaped  incomplete  cartilaginous  hoops  placed  over  each  other. 
The.se  rings  consist  of  hyaline  cartilage,  and  are  united  to  each  other  by  means  of  tough  fibrous 
tissue  containing  much  elastic  tissue,  the  latter  being  arranged  chiefly  in  a  longitudinal 
<lirection.  The  function  of  the  cartilages  is  to  keep  the  tube  open  under  varying  conditions 
of  pressure.  Pieces  of  cartilage  having  a  similar  function  occur  in  the  bronchi  and  their 
branches,  but  they  are  absent  from  the  bronchioles,  which  are  less  than  1  mm.  in  diameter. 
In  the  smaller  bronchi,  tlie  cartilages  are  fewer  and  scattered  more  irregularly.  [In  a  transverse 
section  of  a  large  intra-pulmonary  bronchus,  two,  three,  or  more  jjieces  of  cartilage,  each 
invested  by  its  perichondrium,  may  be  found.]  At  the  points  where  the  bronchi  subdivide, 
the  cartilages  assume  the  form  of  irregular  plates  embedded  in  the  bronchial  wall. 

An  external  fibrous  layer  of  connective-tissue  and  elastic  fibres  covers  the  trachea  and  the 
oxtra-pulmonary  bronchi  externally.  Towards  the  tesophagus,  the  elastic  elements  are  more 
numerous,  and  there  are  also  a  few  bundles  of  plain  muscular  fibres  arranged  longitudinally. 
Within  this  layer  there  are  bundles  of  non-striped  muscular  fi.hrcs  wliich  pass  transversely 
between  the  cartilages  behind,  and  also  in  the  intervals  between  the  cartilages.  [These  pale 
reddish  fibres  constitute  the  trachealis  muscle,  and  are  attached  to  the  inner  surfaces  of  the 
cartilages  at  a  little  distance  from  their  free  ends.  The  arrangement  varies  in  diflerent  animals 
— thus,  in  the  cat,  dog,  rabbit,  and  rat  the  muscular  fibres  arc  attached  to  the  external  surfaces 
of  the  cartilages,  while  in  the  pig,  sheep,  and  ox  they  are  attached  to  their  internal  surfaces 
(Stirlinff).]  Some  muscular  fibres  are  arranged  longitudinally  external  to  the  transverse  fibres. 
The  function  of  these  muscular  fibres  is  to  prevent  too  great  distension  when  there  is  great 
pressure  within  the  air-passages. 

The  mucous  membrane  consists  of  a  basis  of  very  fine  connective-tissue,  containing  nuich 
adenoid  tissue  w  ith  numerous  lymph-corpuscles.  Numerous  elastic  fibres  are  arranged  chiefly 
in  a  longitudinal  direction  under  the  basement  membi-ane.  They  are  also  abundant  in  the 
deep  layers  of  the  posterior  part  of  the  membrane  opposite  the  intervals  between  the  cartilages. 
A  small  quantity  of  loose  sub-mucous  connective-tissue  containing  the  large  blood-vessels, 
glands,  and  lymphatics  unites  the  mucous  membrane  to  the  perichondrium  of  the  cartilages. 
The  epitheliiun  consists  of  a  layer  of  columnar  ciliated  cells  with  several  layers  of  immature 
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cells  uuder  them.  [The  superticial  layer  of  cells  is  coluinnar  and  ciliated  (fig.  130,  b),  while 
those  Iviii"-  under  them  present  a  variety  of  forms,  and  below  all  is  a  layer  of  somewhat  flat- 
tened squames,  c,  resting  on  the  basement  membrane,  d.  These  squames  constitute  a  layer 
quite  distinct  from  the  basement  membrane,  and  they  form  the  layer  described  as  Debove  s 
membrane     They  are  active  germinating  cells,  and  play  a  most  important  part  in  connection 

with  the  regeneration  of  the  epithelium, 
after  the  superficial  layers  have  been 
shed,  in  such  conditions  as  bronchitis. 
Not  unfrequently  a  little  viscid  mucus 
(a)  lies  on  the  free  ends  of  the  cilia.  In 
the  intermediate  layer,  the  cells  are  more 
or  less  pyriform  or  battledore-shaped, 
with  their  long  tapering  process  inserted 
amongst  the  deepest  layer  of  squames. 
According  to  Drasch,  this  long  proce.ss  is 
attached  to  one  of  these  cells  and  is  au 
outgrowth  from  it,  the  whole  constituting 
a  "foot-cell."] 

Under  the  ejjithelium  is  the  homo- 
geneous basement  membrane,  through 
which  fine  canals  pass,  connecting  the 
cement  of  the  epithelium  with  spaces  in 
the  mucosa.  [This  membrane  is  well 
marked  in  the  human  trachea,  where  it 
])lays  au  important  part  in  many  patho- 
logical conditions,  c.fj.,  bronchitis.  It 
is  stained  bright  red  with  picrocarmine.] ' 
The  cilia  act  so  as  to  carry  any  secretion 
towards  the  larynx.  Goblet  cells  exist 
between  the  ciliated  columnar  cells. 
Numerous  small  compound  tubular 
mucous  glands  occur  in  the  mucous 
membrane,  chiefly  between  the  cartilages. 
Their  ducts  open  on  the  surface  by  means 
of  a  slightly  funnel-shaped  aperture,  into 
which  the  ciliated  epithelium  is  prolonged 
for  a  short  distance.  [The  acini  of  some 
of  these  glands  lie  outside  the  trachealis 
muscle.  The  acini  are  lined  by  cubical 
or  columnar  secretory  epithelium.  In 
some  animals  (dog)  these  cells  are  clear, 
and  present  the  usual  characters  of  a 
mucus-secreting  gland  ;  in  man,  some  of 
the  cells  may  be  clear,  and  others  "gran- 
ular," but  the  appearance  of  the  cells 
depends  upon   the   physiological  state 


Fig.  130. 

Transverse  section  of  part  of  a  human  bronchus  (  x  450). 
a,  precipitated  mucus  ;  b,  ciliated  columnar  epithe- 
lium ;  c,  deep  germinal  layer  of  cells  (Debove's  mem- 
brane) ;  d,  elastic  basement  membrane  ;  e,  elastic 
fibres  divided  transversely  (inner  fibrous  layer);  /, 
bronchial  muscle  ;  g,  outer  fibrous  layer  with  leuco- 
cytes and  pigment  granules  (black);  below  a  mass 
of  adenoid  tissue. 


of  activitj'.]  These  glands  secrete  the 
mucus,  which  entangles  particles  inspired 
with  the  air,  and  is  carried  towards  the  larynx  by  ciliary  action.  [Numerous  lymphatics  exist 
in  the  mucous  and  sub-mucous  coat,  and  not  unfrequently  small  aggregations  of  adenoid  tissue 
occur  (especially  in  the  cat)  in  the  mucous  coat,  usually  around  the  ducts  of  the  glands.  They 
are  comparable  to  the  solitary  follicles  of  the  alimentary  tract.  The  blood-vessels  are  not  so 
numerous  as  in  some  other  mucous  membranes.  [A  plexus  of  nerves  containing  numerous 
ganglionic  cells  at  the  nodes  exists  on  the  posterior  surface  of  the  trachealis  muscle.  The 
fibres  are  derived  from  the  vagus,  recurrent  laryngeal,  and  sympathetic  {C.  Frankcnliauscr,  TV. 
Stirlinfj,  Kandarazi).] 

[The  mncous  membrane  of  the  trachea  and  extra-pulmonary  bronchi,  therefore,  consists  of 
the  following  layers  from  within  outwards  : — 

(1)  Stratified  columnar  ciliated  epithelium. 

A  layer  of  flattened  cells  (Debove's  membrane). 
A  clear  homogeneous  basement  membrane. 

A  basis  of  areolar  tissue,  with  adenoid  tissue  and  blood-vessels,  and  outside  this  a  layer 
of  longitudinal  elastic  fibres. 

Outside  this,  again,  is  the  sub-mucous  coat,  consisting  of  loose  areola?  tissue,  with  the  larger 
vessels,  lymphatics,  nerves,  and  mucous  glands.] 
[The  Bronchi.— In  structure  the  extra-pulmonary  bronchi  resemble  the  trachea.    As  they 


(2) 
(3) 
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pass  into  the  lung  they  divide  very  frequently,  and  the  branches  do  not  anastomose.  In  the 
intra-pulmonary  bronchi  the  subdivisions  become  finer  and  finer,  the  finest  branches  being 
called  terminal  bronchi,  or  bronchioles,  which  open  separately  into  clusters  of  air- vesicles.] 

[Eparterial  and  Hyparterial  Bronchi.— As  the  bronchi  proceed,  one  main  trunk  passes  into 
the  lung,  running  towards  its  base,  and  from  it  are  given  off  branches  dorsally  and  ventrally, 
and  these  branches  again  subdivide.  In  man  one  main  branch  comes  off  from  the  right 
bronchus  and  proceeds  to  the  upper  right  lobe,  above  the  place  where  the  pulmonary  artery 
crosses  the  bronchus.  Such  branches  are  called  eparterial,  and  they  arc  more  numerous  in 
birds.  In  man,  all  the  branches,  both  on  the  right  and  left  side,  come  off  below  the  point 
where  the  pulmonary  artery  crosses  the  bronchus,  and  are  called  hyparterial  bronchi  {G.  Aeby).] 

[In  the  middle-sized  intra-pulmonary  bronchi,  the  usual  characters  of  the  mucous  membrane 
are  retained,  only  it  is  thinner  ;  the  cartilages  assume  the  form  of  irregular  plates  situated  in 
the  outer  wall  of  the  bronchus  ;  while  the  muscular  fibres  are  disposed  in  a  complete  circle, 
constituting  the  bronchial  muscle  (fig.  130,/).  When  this  muscle  is  contracted,  or  when  the 
bronchus  as  a  whole  is  contracted,  the  mucous  membrane  is  thrown  into  longitudinal  folds,  and 
opposite  these  folds  the  elastic  fibres  form  large  elevations.  This  muscle  is  particularly  well 
develoi)ed  in  the  smaller  microscopic  bronchi.  Numerous  elastic  fibres,  e,  disposed  "longi- 
tudinally, exist  under  the  basement  membrane,  d.  They  are  continuous  with  those  of  the 
trachea,  and  are  prolonged  onwards  into  the  lung.  The  mucous  membrane  of  the  larger  intra- 
pulmonary  bronchi  consists  of  the  following  layers  from  within  outwards  : — 

(1)  Stratified  columnar  ciliated  epithelium  (fig.  130,  b). 

(2)  Debove's  membrane  (tig.  130,  c). 

(3)  Transparent  homogeneous  basement  membrane  (fig.  130,  d). 

(4)  Areolar  tissue  with  longitudinal  elastic  fibres  (fig.  130,  e). 

(5)  A  continuous  layer  of  non-striped  muscular  fibres  disposed  circularly  (bronchial  muscle, 

fig.  130,/). 

Outside  this  is  the  sub-mucous  coat,  consisting  of  areolar  tissue  mixed  witli  much  adenoid  tissue 
(fig.  130,  (■/),  sometimes  arranged  in  the  form  of  cords,  the  lymph-follicular  cords.  It  also 
contains  the  acini  of  the  numerous  mucous  glands,  blood-vessels,  and  lymphatics.  The  ducts 
of  the  glands  perforate  the  muscular  layer,  and  open  on  the  free  surface  of  the  mucous 
membrane.  The  sub-mucous  coat  is  connected  by  areolar  tissue  with  the  perichondrium  of  the 
cartilages.  Outside  the  cartilages  are  the  nerves  and  nerve-ganglia  accompanying  the 
bronchial  vessels.  The  branches  of  the  pulmonary  artery  and  of  the  pulmonary  vein  usually 
lie  on  opposite  sides  of  the  bronchus,  while  there  are  several  branches  of  the  bronchial  arteries 
and  veins.    Fat  cells  also  occur  in  the  peri-bronchial  tissue.] 

In  the  small  bronchi  the  cartilages  and  glands  disappear,  but  the  circular  muscular  fibres 
are  well  developed.  They  are  lined  by  lower  columnar  ciliated  epithelium,  containing  goblet 
cells. 

Bronchioles. — After  repeated  subdivision,  the  bronchi  form  the  "smallest  bronchi"  (about 
0'5  to  1  mm.)  or  lobular  bronchial  tubes.  Each  tube  is  lined  by  a  layer  of  ciliated  epithelium, 
but  the  glands  and  cartilages  have  disappeared.  These  tubes  have  a  few  lateral  alveoli  or  air- 
cells  communicating  with  them.  Each  smallest  bronchus  ends  in  a  "  respiratory  bronchiole  " 
[Kollikcr),  which  gradually  becomes  beset  with  more  air-cells,  and  in  which  squamous  epithelium 
begins  to  appear  between  the  ciliated  epithelial  cells.  [Each  bronchiole  opens  into  several 
wider  alveolar  or  lobular  passages.  Each  i)assage  is  completely  surrounded  with  air-cells,  and 
from  it  are  given  off  several  similar  but  w'ider  blind  branches,  the  infundibula,  which,  in  their 
turn,  are  beset  on  all  sides  with  alveoli  or  air-cells.  Several  infundibula  are  connected  with 
each  bronchiole,  and  the  former  are  wider  than  the  latter.  Each  bronchiole,  with  its  alveolar 
passages,  infundibula,  and  air-vesicles,  is  termed  a  lobule,  whose  base  is  directed  outwards,  and 
whose  apex'  may  be  regarded  as  a  terminal  bronchus.  The  lung  is  made  up  of  an  immense 
number  of  these  lobules,  separated  from  each  other  by  septa  of  connective-tissue,  the  inter- 
lobular septa  (tig.  133,  e)  which  are  continuous  on  the  one  hand  with  the  sub-plural  connective- 
tissue,  and  on  the  other  with  the  peri-bronchial  connective-tissue.] 

[There  is  an  alteration  in  the  structure  of  the  bronchi,  as  we  proceed  from  the  larger  to 
the  smaller  tubes.  The  cartilages  and  glands  are  the  first  structures  to  disaj)pear.  The  circular 
bronchial  muscle  is  well  developed  in  the  smaller  bronchi  and  bronchioles,  and  exists  as  a 
continuous  thin  layer  over  the  alveolar  passages,  but  it  is  not  continued  over  and  between  the 
air-cells.  Elastic  "fibres,  continuous,  on  the  one  hand,  with  those  in  the  smaller  bronchi,  and 
on  the  other  with  those  in  the  walls  of  the  air-cells,  lie  outside  the  muscular  fibres  in  the  bron- 
chioles and  infundibula.  In  the  respiratory  bronchioles,  the  ciliated  epithelium  is  reduced 
to  a  single  layer,  and  is  mixed  with  the  stratified  form  of  epithelium,  while,  where  the  alveolar 
passages  open  into  the  air-cells  or  alveoli,  the  epithelium  is  non-ciliated,  low,  and  polyhedral.] 

Alveoli  or  Air-Cells. — The  form  of  the  cells,  which  are  250  (tw  inch)  in  diameter,  may  be 
more  or  less  si)herical,  polygonal,  or  cup-shaped.  They  are  disposed  around  and  in  communi- 
cation with  the  alveolar  passages.  Their  form  is  determined  by  the  existence  of  a  nearly 
structureless  membrane,  composed  of  slightly  fibrillated  connective-tissue  containing  a  few 

L 


STRUCTURE  OF  THE  AIR-CELLS, 


corpuscles.  This  is  sunoundecl  by  numerous  fine  elastic  fibres,  which  give  to  t^e  Pul'^o^fJ^y 
parenchyma  its  well-marked  elastic  characters  (fig.  132,  c,  c).  These  fibres  often  bifurcate  and 
are  arranged  with  reference  to  the  alveolar  wall.  They  are  very  resistant  and  in  so™e  cases  ot 
lun<r  disease  may  be  recognised  in  the  sputum.  A  few  non-striped  muscu  ar  fibres  exist  in  the 
delicate  connective-tissue  between  adjoining  air-vesicles.  These  muscular  fibres  sometimes 
become  ^reatlv  developed  in  certain  diseases  {Arnold,  W.  Stirling).  The  air-cells  are  lined  by 
two  kinds  of  cells-(l)  large,  transparent,  clear  polygonal  (nucleated  ?)  squames  or  I'lacoids 
(99-45  u)  lyinc  over  and  between  the  capillaries  in  the  alveolar  wall  (fig.  131,  a)  ;  (/)  smaM 
irrecmlar  "  gr^ular  "  nucleated  cells  (7-15  ^)  arranged  singly  or  in  groups  (two  or  three)  in  the 
interstices  between  the  capillaries.    They  are  weU  seen  in  a  cat's  lung  (fig.  131 ,  d).    [When  acted 

on  with  nitrate  of  silver  the  cement- 


substance  bounding  the  clear  cells  is 
stained,  but  the  small  cells  become  of  a 
uniform  brown  granular  appearance,  so 
that  they  are  readily  recognised.  Small 
holes  or  "  pseudo-stomata "  seem  to 
exist  in  the  cement-substance,  and  are 
most  obvious  in  distended  alveoli.  They 
open  into  the  lymph-canalicular  system 
of  the  alveolar  wall  {Klein),  and  through 
them  the  lympli-corpuscles,  which  are 
always  to  be  found  on  the  surface  of 
the  air-vesicles,  migrate,  and  carry  with 
them  into  the  lymphatics  particles  of 
carbon  derived  from  the  air.]  In  the 
alveolar  walls  is  a  very  dense  plexus  of 
fine  capillaries  (fig.  132,  c),  which  lie 
more  towards  the  cavity  of  the  air-ves- 
icle, being  covered  only  by  the  epithelial 
lining  of  the  air-cells.  Between  two 
adjacent  alveoli  there  is  only  a  single 
layer  of  capillaries  (man),  and  on  the 
boundary-line  between  two  air-cells  the 
course  of  the  capillaries  is  twisted,  thus 
projecting  sometimes  into  the  one  alveo- 
lus, sometimes  into  the  other. 
Fig.  131.  [The  number  of  alveoli  is  stated  to 

Air-vesicles  injected  with  silver  nitrate,  a,  outlines  be  about  725  millions,  a  result  obtained 
of  squamous  epithelium  ;  h,  alveolar  wall  ;  c,  young  measuring  the  size  of  the  air-vesicles 
epithelium  cell  ;  d,  aggregation  of  young  epithelial  and  ascertaining  the  amount  of  air  in 
cells  f'erminatinc.  lung  after  an  ordinary  inspiration, 

^  °  determining  how  much  of  this  air  is  in 

the  air-vesicles  and  bronchi  respectively.  The  superficial  area  of  the  air-vesicles  is  about  90 
square  metres,  or  100  times  greater  than  the  surface  of  the  body  ('8  to  '9  sq.  metre).] 

The  Blood-vessels  of  the  lung  belong  to  two  different  systems  : — (A)  Pulmonary  vessels 
(lesser  circulation).  The  branches  of  the  pulmonary  artery  accompany  the  bronchi  and  are 
closely  applied  to  them.  [As  they  proceed  they  branch,  but  the  branches  do  not  anastomose, 
and  ultimately  they  terminate  in  small  arterioles,  which  supply  several  adjacent  alveoli,  each 
arteriole  splitting  up  into  capillaries  for  several  air-cells  (fig.  132,  v,  c).  An  efferent  vein  usually 
arises  at  the  opposite  side  of  the  air-cells,  and  carries  away  the  puriiied  blood  from  the  capillaries. 
In  their  course  these  veins  unite  to  form  the  pulmonary  veins,  which,  again,  are  joined  in  their 
course  by  a  few  small  bronchial  veins.  The  veins  usually  anastomose  in  the  earlier  part  of  their 
course,  whilst  the  corresponding  arteries  do  not.]  Although  the  capillary  plexus  is  very  fine  and 
dense,  its  sectional  area  is  less  than  the  sectional  area  of  the  systemic  capillaries,  so  that  the 
blood-stream  in  the  pulmonary  capillaries  must  be  more  rapid  than  that  in  the  capillaries  of  the 
body  generally.  The  pulmonary  veins,  unlike  veins  generally,  are  collectively  narrower  than 
the  pulmonary  artery  (water  is  given  oft' in  the  lung),  and  they  have  no  valves.  [The  pulmonary 
artery  contains  venous  blood,  and  the  pulmonary  veins  pure  or  arterial  blood]. 

(B)  The  bronchial  vessels  represent  the  nutrient  system  of  the  lungs.  They  (1-3)  arise  from 
the  aorta  (or  intercostal  arteries)  and  accompany  the  bronchi  without  anastomosing  with  the 
branches  of  the  pulmonary  artery.  In  their  course  they  give  branches  to  the  lymphatic  glands 
at  the  hilum  of  the  lung,  to  the  walls  of  the  large  blood-vessels  (vasa  vasorum),  the  pulmonary 
pleura,  the  bronchial  walls,  and  the  interlobular  septa.  The  blood  which  issues  from  their 
capillaries  is  retm-ned— partly  by  the  pulmonary  veins— hence,  any  considerable  interference 
with  the  pulmonary  circulation  causes  congestion  of  the  bronchial  mucous  membrane,  resulting 
ia  a  catarrhal  condition  of  that  membrane.  The  greater  part  of  the  blood  is  returned  by  the 
bronchial  veins,  which  open  into  the  vena  azj'gos,  intercostal  vein,  or  superior  vena  cava.  The 
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veins  of  the  smaller  bronchi  (fourth  order  onwards)  open  into  the  pulmonary  veins,  and  the 
anterior  bronoliial  also  communicate  with  the  pulmonary  vein  [Zuckcrkandl). 

[  1  he  Pleura. —Each  pleural  cavity  is  distinct,  and  is  a  large  serous  sac,  which  really  belongs 
to  the  lymphatic  system  of  the  lung.  The  pleura  consists  of  two  layers,  visceral  and  parietal. 
1  he  visceral  pleura  covers  the  lung  ;  the  parietal  portion  lines  the  wall  of  the  chest,  and  the 
two  layers  of  the  corresponding  pleura  are  continuous  with  one  another  at  the  root  of  the  lung. 
1  he  visceral  pleura  is  the  thicker,  and  may  readily  be  seiiarated  from  the  inner  surface  of  the 
chest.  Structurally,  the  pleura  resembles  a  serous  membrane,  and  consists  of  a  thin  layer  of 
fibrous  tissue  covered  by  a  layer  of  endothelium.  Under  this  layer,  or  the  pleura  proper,  is  a 
deep  or  sub-serous  layer  of  looser  areolar  tissue,  containing  many  elastic  fibres.  The  layer  of 
the  pleura  pulmonalis  of  some  animals,  as  the  guinea-pig,  contains  a  network  of  non-striped 
inuscular  fibres  {Klein).  Over  the  lung  it  is  also  continuous  with  the  interlobular  septa.  The 
interlobiUar  septa  (fig.  133,  c)  consist  of  bands  of  fibrous  tissue  separating  adjoining  lobules, 


Fig.  132. 

Semi-diagrammatic  representation  of  the  air-vesicles  of  the  lung,  v,  v,  blood-vessels  at  the 
margins  of  an  alveolus  ;  c,  c,  its  blood-capillaries  ;  E,  relation  of  the  squamous  epithelium 
of  an  alveolus  to  the  caiiillaries  in  its  wall  ;  /,  alveolar  epithelium  shown  alone  ;  c,  e,  elastic 
tissue  of  the  lung. 

and  they  become'continuous  with  the  peri-bronchial  connective-tissue  entering  the  Inng  at  its 
hilum.  Thus  the  fibrous  framework  of  the  lung  is  continuous  throughout  the  lung,  just  as  in 
other  organs.  The  connection  of  the  sub-pleural  fibrous  tissue  Avith  the  connective-tissue 
within  the  substance  of  the  lung  has  most  important  pathological  bearings.  The  interlobular 
septa  contain  lymphatics  and  blood-vessels.  The  endothelium  covering  the  pai'ietal  layer  is  of 
the  ordinary  squamous  type,  but  on  the  pleura  pulmonalis  the  cells  are  less  flattened,  more 
polyhedral,  and  granular.  They  must  necessarily  vary  in  shape  with  changes  in  the  volume 
of  the  lung,  so  that  they  are  more  flattened  when  the  lung  is  distended,  as  during  inspiration. 
The  pleura  contains  many  lymphatics,  which  communicate  by  means  of  stomata  with  the 
pleural  cavity.] 

[The  Lymphatics  of  the  lung  are  numerous,  and  are  arranged  in  several  systems.  The  various 
air-cells  are  connected  with  each  other  by  very  delicate  connective-tissue,  and,  according  to  J. 
Arnold,  in  some  parts  this  interstitial  tissue  presents  characters  like  those  of  adenoid  tissue  ;  so 
that  the  lung  is  traversed  by  a  system  of  juice-canals  or  "  Saft-canalchen."]  [In  the  deep 
layer  of  the  pleura  there  is  a  (a)  sub-pleural  plexus  of  lymphatics  partly  derived  from  the  pleura, 
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but  chiefly  from  the  lyniph-caiialicular  system  of  the  pleural  alveoli.  Some  of  these  branches 
proceed  to  the  bronchial  glands,  but  others  pass  into  the  interlobular  septa,  where  they  join  {b) 
the  peri-vascular  lymphatics  wliicli  arise  in  the  lymph-canalicular  system  of  the  alveoli.  These 
trunks,  provided  with  valves,  run  alongside  the  pulmonary  artery  and  vein,  and  in  their  course 
they  form  frequent  anastomoses.  Special  vessels  arise  within  the  walls  of  the  bronchi,  and  occur 
chiefly  in  the  outer  coat  of  the  latter,  constituting  (c)  the  peri-bronchial  lymphatics,  which 
anastomose  witli  b.  The  branches  of  these  two  sets  run  towards  tlie  bronchial  glands.  Not 
unfrequentl)'  (cat)  masses  of  adenoid  tissue  are  found  in  the  course  of  these  lymphatics.]  The 
lymph-canalicular  system  and  the  lymphatics  become  injected  when  fine-coloured  particles  are 
inspired,  or  are  introduced  into  the  air-cells  artificially.  The  pigment  particles  pass  through 
the  semi-fluid  cement-substance  into  the  lymph-canalicular  system  and  thence  into  the  lym- 
phatics ;  or,  according  to  Klein,  they 
pass  through  actual  holes  or  pores  in 
the  cement  (p.  162).]  [This  pigmenta- 
tion is  well  seen  in  coal-miner's  lung  or 
anthracosis,  where  the  particles  of  car- 
bon ])ass  into  and  are  found  in  the 
lymphatics.  Sikorski  and  Kiittner 
showed  that  pigment  reached  the  lym- 
phatics in  this  way  during  life.  If 
pigment,  China  ink,  or  indigo-carmine 
be  introduced  into  a  frog's  lung,  it  is 
found  in  the  lymphatic  system  of  the 
lung.  Ruppert,  and  also  Schotielius, 
showed  tliat  the  same  result  occurred 
in  dogs  after  the  inhalation  of  charcoal, 
cinnabar,  or  precipitated  Berlin  blue, 
and  von  Ins  after  the  inhalation  of 
silica.  Schestopal  used  China  ink  and 
cinnabar  suspended  in  |  per  cent,  salt 
solution.]  Excessively  fine  lymph- 
canals  lie  in  the  wall  of  the  alveoli  in 
the  inters^iaces  of  the  capillaries,  and 
there  are  slight  dilatations  at  the  points 
of  crossing.  According  to  Pierret  and 
Renaut  every  air-cell  of  the  lung  of  the 
ox  is  suiTounded  by  a  large  lymph- 
space,  such  as  occurs  in  the  salivary 
glands.  When  a  large  quantity  of  fluid 
is  injected  into  the  lung,  it  is  absorbed 
with  great  rapidity  ;  even  blood-cor- 
puscles rapidly  pass  into  the  lym- 
phatics. 

The  superficial  lymphatics  of  the 
pulmonary  pleura  communicate  with 
Fig.  133.  the  pleural  cavity  by  means  of  free 

Human  lung  (  x  50  and  reduced  |).  a,  small  bronchus  ;  openings  or  stomata,  and  the  same  is 
b,  b,  pulmonary  artery  ;  c,  ])ulmonary  vein  ;  e,  inter-  true  of  the  lymphatics  of  the  parietal 
lobular  septa,  continuous  with  the  deep  layer  of  the  pl^iu'a,  but  these  stomata  are  confined 
pleura,  p.  to  limited  areas  over  the  diaphragmatic 

pleura.  [The  lymphatics  in  the  costal 
pleura  occur  over  the  intercostal  spaces  and  not  over  the  ribs  {Dybkowski).]  The  large  arteries 
of  the  lung  are  provided  with  lympliatics  which  lie  between  the  middle  and  outer  coats.  [The 
movements  of  the  lung  during  respiration  are  most  important  factors  in  moving  the  lymph 
onwards  in  the  pulmonary  lymphatics.  The  reflux  of  the  lymph  is  prevented  bv  the  presence 
of  valves.  ]  ' 

[The  nerves  of  the  lung  are  derived  from  the  anterior  and  posterior  pulmonary  plexuses  and 
consist  of  branches  from  the  vagus  and  sympathetic.  They  enter  the  lungs  and"  follow  the  dis- 
tnbution  of  the  bronchi,  several  sections  of  nerve-trunks  being  usually  found  in  a  transverse 
sectiori  of  a  large  bronchial  tube.  The  nerves  lie  outside  the  cartilages,  and  are  in  close  relation 
ynth  the  branches  of  the  bronchial  arteries.  Medullated  and  non-medullated  nerve-fibres  occur 
in  the  nerves,  which  also  contain  numerous  small  ganglia  [Memak,  Klein,  Stirlinq).  In  the 
lung  ot  the  calf  the  ganglia  are  large.  The  exact  mode  of  termination  of  the  nerve-fibres 
within  the  lung  has  yet  to  be  ascertained  in  mammals,  but  some  fibres  pass  to  the  bioncliial 
rau.scle,  others  to  the  large  blood-vessels  of  the  lung,  and  it  is  highly  probable  that  the  mucous 
glands  are  also  supplied  with  nerve-filaments.  In  the  comparatively  simple  lun^s  of  the  hos 
nerves  with  numerous  nerve-cells  in  their  course  are  found  {Arnold,  Stirling),  and  in  the  veiy 
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simple  lung  of  the  newt,  there  are  also  numerous  nerve-cells  disposed  along  the  course  of  tlie 
lutra-pulinonary  nerves.  Some  of  these  fibres  terminate  in  the  uniform  laver  of  non-striped 
muscle  which  forms  part  of  the  pulmonary  wall  in  the  frog  and  newt,  and  others  end  in  tlie  mus- 
cular coat  of  the  pulmonary  blood-vessels  (Stirling).  The  functions  of  these  ganglia  are  unknown, 
but  they  may  be  compared  to  the  nerve-plexuses  existing  in  the  walls  of  the  digestive  tract.] 

The  Function  of  the  non-striped  muscle  of  the  entire  bronchial  system  seems  to 
be  to  offer  a  sufficient  amount  of  resistance  to  increased  pressure  within  the  air- 
passages  ;  as  in  forced  expiration,  speaking,  singing,  blowing,  etc.  The  vagus  is  the 
motor  nerve  for  these  fibres,  and  according  to  Longet,  the  "  lung-tonus  "  during 
increased  tension  depends  upon  these  muscles. 

[Effect  of  Nerves.  —By  connecting  the  interior  of  a  small  bronchus  with  an  oncogi-aph  (§  103) 
in  curarised  dogs  (the  thorax  being  opened),  Graham  Brown  and  Roy  found  that  section  of  one 
vagus  causes  a  marked  expansion  of  the  bronchi  of  the  corresponding  lung,  while  stimulation 
of  the  peripheral  end  of  a  divided  vagus  causes  a  powerful  contraction  of  the  bronchi  of  both 
lungs.  Stimulation  of  the  central  end  of  one  vagus,  the  other  being  intact,  also  causes  a  con- 
traction (feebler)  under  the  same  circumstances.  Especially  in  etherised  dogs,  expansion  and 
not  contraction  results.  If  both  vagi  be  divided,  no  effect  is  produced  by  stimulation  of  the 
central  end  of  either  vagus.  It  seems  plain  that  the  vagi  contain  centripetal  or  afferent  fibres, 
which  can  cause  both  expansion  and  contraction  of  the  bronchi.  Asphyxia  causes  contraction 
provided  the  vagi  are  intact,  but  none  if  they  are  divided,  although  in  etherised  dogs  expansion 
frequently  occurs,  while  stimulation  of  the  central  end  of  other  sensory  nerves  has  very  rarely 
any,  or,  if  any,  but  a  slight,  effect  on  the  calibre  of  the  bronchi,  so  that  in  the  dog  the  only 
connection  between  the  cerebro-spinal  centres  and  tlie  bronchi  is  through  the  vagi.] 

Pathological. — Stimulation  of  the  smooth  muscles,  whereby  a  spasmodic  narrowing  of  the 
smaller  bronchi  is  produced,  may  excite  asthmatic  attacks.  If  the  expiratory  blast  be  interfered 
with,  acute  emphysema  may  take  place  {Biernier). 

Chemistry.  — In  addition  to  connective,  elastic,  and  muscular  tissue,  the  lungs  contain  lecithin, 
inosit,  uric  acid  (taurin  and  leucin  in  the  ox),  guanin,  xanthin  (?),  hypoxanthin  (dog) — soda, 
potash,  magnesium,  oxide  of  iron,  much  phosphoric  acid,  also  chlorine,  sulphuric,  and  silicic 
acids — in  diabetes  sugar  occurs — in  purulent  infiltration  glycogen  and  sugar — in  renal  degenera- 
tion urea,  oxalic  acid,  and  ammonia  salts  ;  and  in  diseases  where  decomposition  takes  place, 
leucin  and  tyrosin. 

[Physical  Properties  of  the  Lungs. — The  lungs,  in  virtue  of  the  large  amount 
of  elastic  tissue  which  they  contain,  are  endowed  with  elasticity ;  and  when  the 
chest  is  opened  they  collapse.  If  a  cannula  with  a  small  lateral  opening  be  tied 
into  the  trachea  of  a  rabbit's  or  sheep's  lungs,  the  lungs  may  be  inflated  with  a 
pair  of  bellows,  or  elastic  pump.  After  the  artificial  inflation,  the  lungs,  owing 
to  their  elasticity,  collapse  and  expel  the  greater  part  of  the  air.  As  much  air 
remains  within  the  light  spongy  tissue  of  the  lungs,  even  after  they  are  removed 
from  the  body,  a  healthy  lung  floats  in  water.  If  the  air-cells  are  filled  with 
l)athological  fluids  or  blood,  as  in  certain  diseased  conditions  of  the  lung 
(pneumonia),  then  the  lungs  or  parts  thereof  may  sink  in  water.  The  lungs  of  the 
foetus,  before  respiration  has  taken  place,  sink  in  water,  but  after  respiration  has 
been  thoroughly  established  in  the  child,  the  lungs  float.  Hence,  this  hydrostatic 
test  is  largely  used  in  medico-legal  cases,  as  a  test  of  the  child's  having  breathed. 
If  a  healthy  lung  be  squeezed  between  the  fingers,  it  emits  a  peculiar  and  character- 
istic fine  crackling  sound,  owing  to  the  air  within  the  air-cells.  A  similar  sound  is 
heard  on  cutting  the  vesicular  tissue  of  the  lung.  The  colour  of  the  lungs  varies 
much  ;  in  a  young  child  it  is  rose-pink,  but  afterwards  it  becomes  darker,  especially 
in  persons  living  in  towns  or  a  smoky  atmosphere,  owing  to  the  deposition  of 
granules  of  carbon.    In  coal-miners  the  lungs  may  become  quite  black.] 

[Excision  of  the  Lung. — Dogs  recover  after  the  excision  of  one  entire  lung,  and  they  even  sur- 
vive the  removal  of  portions  of  lung  infected  with  tubercle  {Biondi).] 

107.  MECHANISM  OF  RESPIRATION.— The  mechanism  of  respiration 
consists  in  an  alternate  dilatation  and  contraction  of  the  chest.  The  dilatation 
is  called  inspiration,  the  contraction  expiration.  As  the  whole  external  surfaces 
of  both  elastic  lungs  are  applied  directly,  and  in  an  air-tight  manner,  by  their 
smooth  moist  pleural  investment  to  the  inner  wall  of  the  chest,  which  is  covered  by 
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the  parietal  pleura,  it  is  clear  that  the  lungs  must  be  distended  with  every  dilatation 
of  the  chest,  and  diminished  by  every  contraction  thereof.  The  movements  of  the 
lungs,  therefore,  are  entirely  passive,  and  are  dependent  on  the  thoracic  movements. 

On  account  of  their  complete  elasticity  and  their  great  extensibility,  the  lungs 
are  able  to  accommodate  themselves  to  any  variation  in  the  size  of  the  thoracic 
cavity,  without  the  two  layers  of  the  pleura  becoming  separated  from  each  other. 
As  the  capacity  of  the  non-distended  chest  is  greater  than  the  volume  of  the 
collapsed  lungs  after  their  removal  from  the  body,  it  is  clear  that  the  lungs,  even 
in  their  natural  position  within  the  chest,  are  distended,  i.e.,  they  are  in  a  certain 
state  of  elastic  tension  (§  60).  The  tension  is  greater  the  more  distended  the 
thoracic  cavity,  and  vice  versd.  As  soon  as  the  pleural  cavity  is  opened  by  perfora- 
tion from  without,  the  lungs,  in  virtue  of  their  elasticity,  collapse,  and  a  space  filled 
with  air  is  formed  between  the  surface  of  the  lungs  and  the  inner  surface  of  the 
thoracic  wall  (pneumo-thorax).  The  lungs  .so  affected  are  rendered  useless  for 
respiration ;  hence  a  double  pneumo-thorax  causes  death. 

Pneumo-thorax. — It  is  also  clear  that,  if  the  pulmonary  pleura  be  perforated  from  within  the 
lung,  air  will  pass  from  the  respiratory  passages  into  the  jjleural  sac,  and  also  give  rise  to 
pneumo-thorax.  [ISTot  unfre(iuently  the  surgeon  is  called  on  to  open  the  chest,  say  hy  removing 
a  portion  of  a  rib  to  allow  of  the  free  exit  of  pus  from  the  pleural  cavity.  If  this  be  done  with 
proper  precautions,  and  if  the  external  wound  be  allowed  to  heal,  after  a  time  the  air  in  the 
pleural  cavity  becomes  absorbed,  the  collapsed  lung  tends  to  regain  its  original  fonn,  and  again 
becomes  functionally  active.] 

Estimation  of  Elastic  Tension. — If  a  manometer  be  introduced  through  an  intercostal  space 
into  the  pleural  cavity,  in  a  dead  subject,  we  can  measure,  b}'  means  of  a  column  of  mercury, 
the  amount  of  the  elastic  tension  re([uired  to  keep  the  lung  in  its  position.  This  is  equal  to 
6  mm.  in  the  dead  subject,  as  well  as  in  the  condition  of  expiration.  If,  however,  the  thorax 
be  brought  into  the  position  of  inspiration  by  tlie  application  of  traction  from  without,  the 
elastic  tension  may  be  increased  to  30  mm.  Hg.  {Bonders). 

If  the  glottis  be  closed  and  a  deep  inspiration  taken,  the  air  within  the  lungs  must 
become  rarefied,  because  it  has  to  fill  a  greater  space.  If  the  glottis  be  suddenly 
opened,  the  atmospheric  air  passes  into  the  lungs  until  the  air  within  the  lungs  has 
the  same  density  as  the  atmosphere.  Conversely,  if  the  glottis  be  closed,  and  if  an 
expiratory  effort  be  made,  the  air  within  the  chest  must  be  compressed.  If  the 
glottis  be  suddenly  opened,  air  passes  out  of  the  lungs  until  the  pressure  outside  and 
inside  the  lung  is  equal.  As  the  glottis  remains  open  during  ordinary  respiration, 
the  equilibration  of  the  pressure  within  and  without  the  lungs  will  take  place  gradu- 
ally. During  tranquil  inspiration  there  is  a  slight  negative  pressure ;  during  ex- 
piration a  slight  positive  pressure,  in  the  lungs  ;  the  former  =  1  mm.,  the  latter  2—3 
mm.  Hg,  in  the  human  trachea  (measured  in  cases  of  wounds  of  the  trachea). 

108.  aUANTITY  OF  GASES  RESPIRED.— As  the  lungs  within  the  chest 
never  give  out  all  the  air  they  contain,  it  follows  that  only  a  part  of  the  air  of  the 
lungs  is  changed  during  inspiration  and  expiration.  The  volume  of  this  air  will 
depend  upon  the  depth  of  the  respirations. 


COMPLEMENTAL 
ATR 
110 


TIDAL  AIH 
20 


g       Hutchinson  defined  the  following  : — 

(1)  Residual  air  is  the  volume  of  air  which  remains  in  the 
o5  chest  a/In-  the  most  complete  expiration.  It  is  =  1230-1640  c.c. 
g  >     [100-130  cubic  inches]. 

c^o       (2)  Reserve  or  supplemental  air  is  the  volume  of  air  which 
2.  ■<    can  be  expelled  from  the  chest  after  a  normal  quiet  expiration 
a  o    It  is  =1240-1800  c.c.  [100  cubic  "inches]. 

(3)  Tidal  air  is  the  volume  of  air  which  is  taken  in  and  giveri 
5"  o    out  at  each  respiration.    It  is  =500  cubic  centimetres  [20  cubic 

 '      H  inches]. 

RESIDUAL  AIR  (4)  Complemental  air  is  the  volume  of  air  that  can  be  forcibly 

100  j  inspired  over  and  above  what  is  taken  in  at  a  normal  respiration. 

It  amounts  to  about  1500  c.c.  [100-130  cubic  inches]. 


RESERVE  AIR 

100 


(.5)  Vital  Cajaoity  is  the  term  applied  to  the  volume  of  air  which  can  be 
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ion.    It  is  equal 
and  3222  for  a 


forcibly  expelled  from  the  chest  after  the  deepest  possible  inspirati 
to  3772  c.c.  (or  230  cubic  inches)  for  an  Englishman  {Hutchinson), 
German  (Raeser). 

Hence,  after  every  quiet  inspiration,  both  lungs  contain  (1  +  2  + 3)  =  3000  to 
3900  c.cm.  [220  cubic  inches];  after  a  quiet  expiration  (1  +  2)  =  2500  to  3400 
c.cm.  [200  cubic  inches].  So  that  about  ^  to  i  of  the  air  in  the  lungs  is  subject  to 
renewal  at  each  ordinary  respiration. 

Donders  calculated  that  the  entire  bronchial  system  and  the  trachea  contain  about  500  c.c.  of 


air. 


Estimation  of  Vital  Capacity.— This  was  formerly  thought  to  be  of  great 
utility,  but  at  the  present  time  not  much  importance  is  attached  to  it,  nor  is  it 
frequently  measured  in  cases  of  disease.  It  is  estimated  by  means  of  the  spiro- 
meter of  Hutchinson  (fig.  134),  which  consists  of  a  graduated  cylinder  filled  with 
water  and  inverted  like  a  gasometer  over  water, 
and  balanced  by  means  of  a  counterpoise.  Into 
the  cylinder  a  tube  projects,  and  this  tube  is 
connected  with  a  mouthpiece.  The  person  to  be 
experimented  upon  takes  the  deepest  possible  in- 
spiration, closes  his  nostrils,  and  breathes  forcibly 
into  the  mouthpiece  of  the  tube.  After  doing  so 
the  tube  is  closed.  The  cylinder  is  raised  by  the 
air  forced  into  it,  and  after  the  water  inside  and 
outside  the  cylinder  is  equalised,  the  height  to 
which  the  cylinder  is  raised  indicates  the  amount 
of  air  exjnred,  or  the  vital  or  respiratory  capacity. 
In  a  man  of  average  height,  5  feet  8  inches,  it 
is  equal  to  230  cubic  inches. 

The  following  circumstances  affect  the  vital  capa- 
city :— 

(1)  The  Height. — Every  inch  added  to  the  height  of 
persons  between  5  and  6  feet  gives  an  increase  of  the 
vital  capacity  =  130  c.c.  [8  cubic  inches.] 

(2)  The  Body-weight. — When  the  body-weight  exceeds 
the  normal  by  7  per  cent,  there  is  a  diminution  of  37 
c.c.  of  the  vital  capacity  for  every  kilo,  of  increase. 

(3)  Age. — The  vital  capacity  is  at  its  ma.ximuni  at  3.5  ; 
there  is  an  annual  decrease  of  23 '4  c.c,  from  this  age 
onwards  to  6.5,  and  backwards  to  15  years  of  age. 

(4)  Sex. — It  is  less  in  women  than  men,  and  even  where  there  is  the  same  circumference  of 
chest,  and  the  same  height  in  a  man  and  a  woman,  the  ratio  is  10  :  7. 

(5)  Position  and  Occupation. — Moie  air  is  respired  in  the  erect  than  in  the  recumbent 
position. 

(6)  Disease. — Abdominal  and  thoracic  diseases  diminish  it. 

109.  NUMBER  OF  RESPIRATIONS.— In  the  adult,  the  number  of  respira- 
tions varies  from  16  to  24  per  minute,  so  that  about  4  pulse-beats  occur  during  each 
respiration.    The  number  of  respirations  is  influenced  by  many  conditions  : — 

(1)  The  Position  of  the  Body. — In  the  adult,  in  the  horizontal  position,  Guy  counted  13, 
while  sitting  19,  wliiie  standing  22,  respirations  per  minute. 

(2)  Age. — Quetelet  found  the  mean  number  of  respirations  in  300  individuals  to  be  : — 


Fig.  134. 


Scheme  of  Hutchinson's  spirometer. 


Year. 
0  to  1, 
5. 

15  to  20, 


Respirations. 
44 
26 
20 


Average 
Number  per 
Minute. 


Year. 
20  to  25, 
25  to  30, 

30  to  50, 


Eespirations. 
18-7 
16 
18-1 


I 


Average 
Number  per 
Minute. 


(3)  The  State  of  Activity.— Gorham  counted  in  children  of  2  to  4  years  of  age  during  standing 
82,  in  sleep  24,  respirations  per  minute.  During  bodily  exertion  tlie  number  of  respirations 
increases  before  the  heart-beats.  [Very  slight  muscular  exertion  suffices  to  increase  the  frequency 
of  the  respirations.] 

[(4)  The  Temperature  of  the  surrounding  medium. — The  respirations  become  more  numerous 
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the  higher  the  surrounding  temperature,  but  this  result  ouly  occurs  when  the  actual  tempera- 
ture of  the  blood  is  increased,  as  in  fever.  . 

(5)  Digestion.— There  is  a  .slight  variation  during  the  course  of  the  day,  the  increase  being 
most  marked  after  mid-day  dinner  ( F/cm-f^O.  •,   ,  j    +1,    f  +1,0  .ncr^ira 

(6)  The  Will  can  to  a  certain  extent  modify  the  number  and  also  the  depth  ot  the  respira- 
tions but  after  a  short  time  the  impulse  to  respire  overcomes  the  voluntary  impulse.  _ 

(7)  ' The  Gases  of  the  Blood  have  a  marked  effect,  and  .so  has  the  heat  of  the  blood  in  teyer.J 
[(8)  In  Animals- 


Mammals. 


Tiger, 
Lion,  . 
Jaguar, 
Panther, 
Cat,  . 


Dog, 


Dromedary, 
Giraffe, 
Ox,  . 
iSquirrcl 


Per  Min. 
.  6 
.  10 
.  11 
.  18 
.  24 
.  15 
.  11 
8-10 
15-18 
70 


Rabbit, 
Rat  (waking), 
Rat  (asleep), 
Rhinoceros, 
Hippoijotamus, 
Horse, 
Ass,  . 


Condor, 
Sparrow, 


Birds. 


Per  Min. 
.  55 
.  210 
.  100 
6-10 
1 

10-12 
7 


6 
90 


Pigeon, 
Siskin, 
Canary, 

Reptiles. 

Snake, 
Tortoise,  . 


Per  Min. 
.  30 
.  100 
.  18 


Fish. 


Raja, 
Torpedo, 


5 
12 


r)0 
51 


Per  Min. 
.  30 
.  60 
.  50 
.  33 


Perch, 
Mullet, 
Eel,  . 
Hippocampus, 

Invertebrata. 
Crab,  ...  12 
Mollusca,     .  14-65 
(P.  Bert.)] 


[(9)  In  Disease.— The  number  may  be  gi-eatly  increased  from  many  causes,  e.g.,  in  fever, 
pleurisy  and  pneumonia,  some  heart  di.scases,  or  in  certain  cases  of  alteration  of  the  blood,  as 


B 


¥ig.  135. 

A,  Brondgeest's  tambour  for  registering  the  respiratory  movements,  b,  c,  inner  and  outer 
caoutchouc  membranes  ;  a.  the  capsule  ;  d,  d,  cords  for  fastening  the  instrument  to  the 
chest ;  <?,  tube  to  the  recording  tambour.  B,  normal  respiratory  curve  obtained  on  a 
vibrating  plate  (each  vibration  =  0'01613  sec). 

in  anaemia  ;  and  diminished  where  there  is  pressure  on  the  respiratory  centre  in  the  medulla, 
in  coma.    It  is  important  to  note  the  ratio  of  pulse-beats  to  respirations.] 

110.  TIME  OCCUPIED  BY  THE  EESPIRATORY  MOVEMENTS.— The 

time  occupied  in  the  various  phases  of  a  respiration  can  only  be  accurately  ascer- 
tained by  obtaining  a  curve  or  pneumatogram  of  the  respiratory  movements  by 
means  of  recording  apparatus. 

Methods. — The  graphic  method  can  be  employed  in  three  directions: — (1)  To 

record  tJie  movejnents  of  individual  parts  of  the  chest-ivall. 

(1)  Vierordt  and  C.  Ludwig  transferred  the  movements  of  a  part  of  the  chest-wall  to  a  lever 
which  inscribed  its  movements  upon  a  revolving  cylinder.  Riegel  (1873)  constructed  a 
"  double  stethograph  "  on  the  same  principle.  This  instrument  is  so  arranged  that  one  arni 
of  the  lever  may  be  applied  in  connection  with  the  healthy  side  of  a  person's  chest,  and  the 
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other  on  the  diseased  side.  In  the  case  of  animals  placed  on  their  backs,  Snellen  introduced 
a  long  needle  vertically  through  the  abdominal  walls  into  the  liver.  Rosenthal  opened  the 
abdomen  and  applied  a  lever  to  the  under  surface  of  the  diaphragm,  and  thus  registered  its 
movements  (Phrenograph). 

(2)  An  air-tambour,  such  as  is  used  in  Brondgeest's  pansphygmograi)h  (fig.  135,  A),  may  be 
employed.  It  consists  of  a  brass  vessel,  a,  shaped  like  a  small  saucer.  The  mouth  of  the  brass 
vessel  is  covered  with  a  double  layer  of  caoutchouc  membrane,  b,  c,  and  air  is  forced  in  between 
the  two  layers  until  the  e.vternal  membrane  bulges  outwards.  This  is  placed  on  the  chest,  and 
the  apparatus  is  fixed  in  position  by  means  of  the  bands,  d,  d.  The  cavity  of  the  tambour 
communicates  by  means  of  a  caoutchouc  tube,  s,  with  a  recording  tambour,  which  inscribes  its 
movements  upon  a  revolving  cylinder.  Every  dilatation  of  the  chest  compresses  the  membrane, 
and  thus  the  air  within  the  tambour  is  also  compressed.  [A  somewhat  similar  apparatus  is 
used  by  Burdon-Sanderson,  and  called  a  "  recording-stethograph. "  liy  it  movements  of  the 
corresponding  points  on  opposite  sides  of  the  chest  can  be  investigated.]  A  cannula  or 
oesophageal  sound  may  be  introduced  into  that  portion  of  the  resophagus  which  lies  in  the 
chest,  and  a  connection  established  with  Marey's  tambour  {Rosenthal).  [This  method  also 
enables  one  to  measure  the  intrathoracic  pressure] 

Marey's  Stethograph  or  Pneumograph.— [There  are  two  forms  of  this  instrument,  one  modi- 
fied by  P.  Bert  and  the  more  modern  form  (fig.  136),  A  tambour  (h)  is  fixed  at  right  angles  to  a 
thin  elastic  plate  of  steel  (/).  The  ff^ 
aluminium  disc  on  the  caoutchouc 
of  the  tambour  is  attached  to  an 
upright  (i*),  whose  end  lies  in  con- 
tact with  a  horizontal  screw  {g). 
Two  arms  {d,  c)  are  attached  to 
opposite  sides  of  the  steel  plate, 
and  to  them  the  belt  (e)  which 
fastens  the  instrument  to  the 
chest  is  attached.  When  the 
chest  expands,  these  two  arms  are 
pulled  asunder,  the  steel  plate  is 
■bent,  and  the  tambour  is  affected, 
and  any  movement  of  the  tam- 
bour is  transmitted  to  a  register- 
ing tambour  by  the  air  in  the 
tube  (a)]. 

(2)  2^0  record  variation  in 

volume  of  the  thorax  or  of  the 

respired  gases. 

For  this  purpose  E.  Hering 
secures  the  animal,  and  places  it 


Fig. 


136. 

Marey's  stethograph. 

in  a  tight  bo.x  provided  with  two  openings  in  its  side  ;  one  hole  contains  a  tube,  which  is 
connected  to  a  cannula  tied  into  the  transversely  divided  trachea  of  the  animal,  so  that 
respiration  can  go  on  undisturbed.  In  the  other  orifice  is  fixed  a  water-manometer  provided 
with  a  swimmer  arranged  to  write  on  a  recording  surface.  Gad  registered  grai)hically  the 
respired  air  by  means  of  a  special  apparatus  ;  the  expired  air  raised  a  very  light  and  carefully 
equipoised  box  placed  over  water.  As  it  was  raised,  it  moved  a  writing-style.  During  inspira- 
tion the  box  sank. 

(3)  To  record  the  rate  at  ivhich  the  respiratory  gases  are  exchanged. 

If  the  trachea  of  an  animal,  or  the  mouth  of  a  man  (the  nostrils  being  closed),  be  connected 
with  a  tube  like  that  of  the  dromograph  (fig.  113),  then  during  inspiration  and  expiration  the 
pendulum  will  be  moved  to  and  fro  by  the  air,  and  the  movements  of  the  pendulum  can  be 
registered.  [Some  years  ago,  an  instrument,  called  the  "  Anajmograph,"  was  constructed  on 
this  principle.] 

The  curve  (fig.  135,  B)  was  obtained  by  placing  the  tambour  of  a  Brondgeest's 
pansphygmograph  upon  the  xiphoid  process,  and  recording  the  movement  upon  a 
plate  attached  to  a  vibrating  tuning-fork.  The  inspiration  (ascending  limb)  begins 
with  moderate  rapidity,  is  accelerated  in  the  middle,  and  towards  the  end  again 
becomes  slower.  The  expiration  also  begins  Avith  moderate  rapidity,  is  then 
accelerated,  and  becomes  much  slower  at  the  latter  part,  so  that  the  curve  falls 
very  gradually. 

Inspiration  is  slightly  shorter  than  Expiration. — According  to  Sibson,  the 
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ratio  for  an  adult  is  as  G  to  7  ;  in  women,  cliildren,  and  old  ^Deople,  6  to  8  or  6  to 
9.  Vierordt  found  the  ratio  to  be  10  to  14-1  (to  24-1);  J.  R.  Ewald,  11  to  12. 
It  is  only  occasionally  that  cases  occur  where  inspiration  and  expiration  are  equally 
long,  or  where  expiration  is  shorter  than  inspiration.  When  respiration  proceeds 
quietly  and  regularly,  there  is  usually  no  jjcmse  (complete  rest  of  the  chest-walls) 
between  the  inspiration  and  expiration.  The  very  flat  part  of  the  expiratory  curve 
has  been  wrongly  regarded  as  due  to  a  pause.  Of  course,  we  may  make  a  volun- 
tary pause  between  two  respirations,  or  at  any  part  of  a  respiratory  act. 

Some  observers,  however,  have  described  a  pause  as  occurring  between  the  end  of  expiration 
and  the  beginning  of  the  next  inspiration  (expiration  pause),  and  also  another  pause  at  the  end 
of  inspiration  (inspiration  pause).  The  latter  is  always  of  very  short  duration,  and  consider- 
ably shorter  than  the  former.    During  very  deep  and  slow  respiration,  there  is  usually  an 


Fig.  137. 

Pneumatogi'ams  obtained  by  means  of  Riegel's  stethograph.  I,  normal  curves  ;  II,  curve  from 
a  case  of  emphysema  ;  a,  ascending  limb  ;  b,  apex  ;  c,  descending  limb  of  the  curve.  The 
small  elevations  are  due  to  the  cardiac  impulse. 

expiration  pause,  while  it  is  almost  invariably  absent  during  rapid  breathing.  An  inspiration 
pause  is  always  absent  under  normal  circumstances,  but  it  may  occur  under  pathological 
conditions. 

In  certain  parts  of  the  respiratory  curve  slight  irregularities  may  appear,  which  are  sometimes 
due  to  vibrations  communicated  to  the  thoracic  walls  by  vigorous  heart-beats  (fig.  137). 

The  "  type  "  of  respiration  may  be  ascertained  by  taking  curves  from  various 
parts  during  the  respiratory  movements.  Hutchinson  showed  that,  in  the  female, 
the  thorax  is  dilated  chiefly  by  raising  the  sternum  and  the  ribs  (Respiratio  costalis), 
while  in  man  it  is  caused  chiefly  by  a  descent  of  the  diaphragm  (Respiratio 
diaphragmatica  or  abdominalis).  In  the  former,  there  is  the  so-called  "  costal  type," 
in  the  latter  the  "  abdominal  or  diaphragmatic  type." 

This  difference  in  the  type  of  respiration  in  the  sexes  occurs  only  during  normal  quiet 
respiration.  During  deep  and  forced  respiration,  in  both  sexes  the  dilatation  of  the  chest  is 
caused  chiefly  by  raising  the  chest  and  the  ribs.  In  man,  the  epigastrium  liiay  be  pulled  in 
sooner  than  it  is  protruded.    During  sleep,  the  type  of  respiration  in  both  sexes  is  thoracic. 
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while  at  the  same  time  the  inspiratory  dilatation  of  the  chest  precedes  the  elevation  of  the 
abdominal  wall  {Mosso).  It  is  not  determined  whether  the  costal  type  of  respiration  in  the 
female  depends  upon  the  constriction  of  the  chest  by  corsets  or  other  causes  {Sibson),  or  whether 
it  is  a  natural  adaptation  to  the  child-bearing  function  in  women  {Hutchinson).  Some  observers 
maintain  that  the  dirt'erence  of  type  is  quite  distinct,  even  in  sleep,  when  all  constrictions  are 
removed,  and  that  similar  differences  are  noticeable  in  young  children.  This  is  denied  by 
others,  while  a  third  class  of  observers  hold  that  the  costal  type  occurs  in  children  of  both 
sexes,  and  they  ascribe  as  a  cause  the  greater  flexibility  of  the  ribs  of  children  and  women, 
which  permits  the  muscles  of  the  chest  to  act  more  efficiently  upon  the  ribs. 

111.  PATHOLOGICAL.  —Examination  of  the  Lungs.  —The  same  methods  that  are  applicable 
to  the  heart,  viz.,  I.,  Inspection;  II.,  Palpation;  III.,  Percussion;  and  IV.,  Auscultation, 
apply  here  also.] 

[By  inspection  we  may  determine  the  presence  of  symmetrical  or  unilateral  alterations  in  the 
shape  of  the  chest,  the  presence  of  bulging  or  flattening  at  one  part,  and  variations  in  the 
movement  of  the  chest-walls.  By  palpation,  the  presence  or  absence,  character,  seat,  and 
extent  of  any  movements  are  more  carefully  examined.  But  we  may  also  study  what  is  called 
vocal  fremitus  (§  117).    Percussion  (g  114),  AusciUtation  (§  116).] 

[In  investigating  the  respiratory  movements,  we  should  observe  (1),  the  frequency  (§  109)  ; 
(2),  the  type  (§  110)  ;  (3),  the  nature,  cluiracter,  and  extent  of  the  movements,  noting  also 
whether  they  are  accompanied  by  pain  or  not  (§  110)  ;  (4),  the  rhythm.] 

I.  Changes  in  the  mode  of  Movement.— In  persons  suffering  from  disease  of  the  respiratory 
organs,  the  dilatation  of  the  chest  may  be  diminished  (to  the  extent  of  5  or  6  cm. )  on  both  sides 
or  only  on  one  side.  In  aftections  of  the  apex  of  the  lung  (in  phthisis),  the  sub-normal 
expansion  of  the  ui)per  part  of  the  wall  of  the  chest  may  be  considerable.  Retraction  of  the 
soft  parts  of  the  thoracic  wall,  the  xiphoid  process,  and  the  parts  where  the  lower  ribs  are 
inserted,  occurs  in  cases  where  air  cannot  freely  enter  the  chest  during  inspiration,  e.g.,  in 
narrowing  of  the  larynx  ;  when  this  retraction  is  confined  to  the  upper  part  of  the  thoracic 
wall,  it  indicates  that  the  portion  of  the  lung  lying  under  the  part  so  affected  is  less  extensile 
and  diseased. 

Harrison's  Groove. — In  persons  suffering  from  chronic  difficulty  of  breathing,  and  in  whom, 
at  the  same  time,  the  diaphragm  acts  energetically,  there  is  a  slight  groove,  which  passes  hori- 
zontall}'^  outwards  from  the  xiphoid  cartilage,  caused  by  the  pulling  in  of  the  soft  parts  and 
corresponding  to  the  insertion  of  the  diaphragm. 

The  duration  of  inspiration  is  lengthened  in  persons  suffering  from  narrowing  of  the  trachea 
or  larynx  ;  expiration  is  lengthened  in  cases  of  dilatation  of  the  lung,  as  in  emphysema,  where 
all  the  expiratory  muscles  must  be  brought  into  action  (fig.  1-37,  II). 

II.  Variations  in  the  Rhythm. — When  the  respiratory  apparatus  is  much  affected,  there  is 
either  an  increase  or  a  deepening  of  the  respiration.s,  or  both.  When  there  is  great  difficulty  of 
breathing,  this  is  called  dyspnoea. 

Causes  of  Dyspnoea. — (1)  Limitation  of  the  exchange  of  the  respiratory  gases  in  the  blood  due 
to — (a)  diminution  of  the  respiratory  surface  (as  in  some  diseases  of  the  lungs)  ;  {h)  narrowing 
of  the  respiratory  passages  ;  (f)  diminution  of  the  red  blood-corpuscles  ;  {d)  disturbances  of  the 
respiratory  mechanism  {e.g.,  due  to  affections  of  the  respiratory  muscles  or  nerves,  or  painful 
affections  of  the  chest-wall)  ;  (c)  impeded  circulation  through  the  lungs  due  to  various  forms  of 
heart-disease.  (2)  Heat-dyspnoea. — The  frequency  of  the  respirations  is  increa.sed  in  febrile 
conditions.  The  warm  blood  acts  as  a  direct  irritant  of  the  respiratory  centre  in  the  medulla 
oblongata,  and  raises  the  number  of  respirations  to  30-60  per  minute  ("  Heat-dy.spnoea").  If 
the  carotids  be  placed  in  warm  tubes,  so  as  to  heat  the  blood  going  to  the  medulla  oblongata, 
the  same  j^henomena  are  produced  (§  368).  [When  a  child  sucks,  it  breathes  exclusively 
through  the  nose,  hence  catarrhal  conditions  of  the  nasal  mucous  membrane  are  fraught  with 
danger  to  the  child.] 

[Orthopnoea. — Sometimes  the  difficulty  of  breathing  is  so  great  that  the  person  can  only 
respire  in  the  erect  position,  i.e.,  when  he  sits  or  is  propped  up  in  bed.  This  occurs  frequently 
towards  the  close  of  some  heart  affections,  notably  in  mitral  lesions  ;  dropsical  conditions, 
especially  of  the  cavities,  may  be  present] 

Cheyne-Stokes'  Phenomenon. — This  remarkable  phenomenon  occurs  in  certain  diseases, 
where  the  normal  su])ply  of  blood  to  the  brain  is  altered,  or  where  the  quality  of  the  blood  itself 
is  altered,  e.g.,  in  certain  affections  of  the  brain  and  heart,  and  in  ura'mic  poisoning.  Respir- 
atory pauses  of  one-half  to  three-quarters  of  a  minute  alternate  with  a  short  period  (i-f  min.)  of 
increased  respiratory  activity,  and  during  this  time  20-30  respirations  occur.  The  respirations 
constituting  this  "  series  "  are  shallow  at  first ;  gradually  they  become  deeper  and  more  dyspnceic, 
and  finally  become  shallow  or  siiperficial  again.  Then  follows  the  pause,  and  thus  there  is  nn 
alternation  of  pauses  and  series  (or  groups)  of  modified  respiration.s.  During  the  pause,  the 
pupils  are  contracted  and  inactive  ;  and  when  the  respirations  begin,  they  dilate  and  become 
sensible  to  light  ;  the  eyeball  is  moved  as  a  whole  at  the  same  time.  Hein  observed  that  con- 
sciousness was  aboli.shed  during  the  jiause,  and  that  it  returned  when  respiration  commenced. 
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Causes. —Luciani  and  Rosenbach  ref^ard  variations  in  the  excitability  of  the  respiratory  centre 
as  the  cause  of  the  phenomenon,  which  they  compare  with  the  periodic  contraction  of  the  heart 
(§  58).  The  excitability  of  the  respiratory  centre  is  lowest  during  the  pause.  They  observed  this 
phenomenon  after  injury  to  the  medulla  oblongata  above  the  respiratory  centre,  and  after  apnoea 
produced  in  animals  deeply  narcotised  with  opium,  and  in  the  last  stages  of  asphyxia,  during 
respiration  in  a  closed  space.  During  hybernation,  this  mode  of  respiration  is  normal  in  Myoxus, 
the  hedgehog,  and  the  caiman. 

Periodic  Kespiration. — If  frogs  be  kept  under  water,  or  if  the  aorta  be  clamped,  after  several 
hours,  they  become  passive.  If  they  be  taken  out  of  the  water,  or  if  the  clamp  be  removed  from 
the  aorta,  "they  gradually  recover  and  always  exhibit  the  Cheyne-Stokes'  phenomenon.  In  such 
frogs  the  blood-current  may  be  arrested  temporarily,  while  the  phenomenon  itself  remains 
{Sokoloiv  and  Luchsingcr).  If  the  blood-cui  rent  be  arrested  by  ligature  of  the  aorta,  or  if  the 
frogs  be  bled,  the  respirations  occur  in  groups.  This  is  followed  by  a  few  single  respirations, 
and  then  the  respiration  ceases  completely.  During  the  pause  between  the  periods,  mechanical 
stimulation  of  the  skin  causes  the  discharge  of  a  group  of  respirations  {Sichcrt  and  Langendorff). 

Action  of  Drugs. — Muscarin,  digitalin,  curara,  chloral,  sulphuretted  hydrogen,  and  the  poison 
of  many  infectious  diseases  (typhus,  diphtheria,  scarlet  fever)  may  also  cause  periodic  respiration 
in  frogs  [which  is  not  due  to  the  action  of  these  drugs  on  the  heai't]. 

Periodic  respiration  without  any  variation  in  the  size  of  the  individual  respirations — the  so- 
called  "  Biot' 8  respiration  " — occurs  normally  during  sleep.  While  the  nervous  system  as  it 
were  strives  to  rest,  and  thus  forgets  the  respiration,  the  organism  does  not  observe  the  short 
pauses  (Mosso).  [There  is  a  periodic  increase  or  decrease  in  the  depth  of  the  respiration, 
especially  in  old  people  and  children,  even  to  the  extent  of  the  respiration  becoming  "remit- 
tent," or  even  "intermittent,"  for  a  period  of  30  sec.  during  sleep.  During  periodic-respiration 
the  action  of  the  several  respiratory  muscles  does  not  coincide.  As  a  rule,  one  respires  more  than 
is  required  by  the  organism.  Mosso  calls  this  "  luxua-respiration."]  Periodic  irregularities 
in  the  respiration  are  often  of  reflex  origin  {Knoll). 

112.  GENERAL  VIEW  OF  THE  RESPIRATORY  MUSCLES. 

(A)  Inspiration. 
I.  During  Ordinary  Inspiration. 

1.  The  diaphragm  {Nervus  phre7iicus). 

2.  The  Mm.  levatores  costarum  longi  et  breves  {Rami  postenores  Nn.  dorsalium). 

3.  The  Mm.  intercostales  externi  et  intercartilaginei  {Nn.  inter costales). 

II.  During  Forced  Respiration. 
{a)  Muscles  of  the  Tmnh. 

1.  The  three  Mm.  scaleni  {Rami  musculares  of  the  plexus  cervicalis  et  hrachialis). 

2.  M.  sternocleidomastoideus  {Ram.  externus  N.  accessorii). 

3.  M.  trapezius  {R.  externus  JV.  accessorii  et  Ram.  miisculares  plexus  cervicalis). 

4.  M.  pectoralis  minor  {Nn.  thoracici  anteriores). 

5.  M.  serratus  posticus  superior  {N.  dorsalis  scajmlse). 

6.  Mm.  rhomboidei  {N.  dorsalis  scapulfe). 

7.  Mm.  extensores  columnae  vertebralis  {Ram.  piosteriores  nervorum  dorsalium) 
[8.  Mm.  serratus  anticus  major  {N.  thoracicus  longus).  1 1] 

{h)  Muscles  of  the  Larynx. 

1.  M.  sternohyoideus  {Ram.  descendens  hypoglossi). 

2.  M.  sternothyreoideus  {Ram.  descendens  hypoglossi). 

3.  M.  crieo-arytaenoideus  posticus  {N.  laryngeus  inferior  vagi). 

4.  M.  thyreo-arytaenoideus  {N.  laryngeus  inferior  vagi). 

(c)  Mmcles  of  the  Face. 

1.  M.  dilatator  narium  anterior  et  posterior  {N.  facialis). 

2.  M.  levator  alee  nasi  {N.  facialis). 

3.  The  dilators  of  the  mouth  and  nares,  during  forced  respiration  [  "  Lfasnine 
for  breath  "]  {N.  facialis).  '  L    fe   f  6 

{(1)  Muscles  of  the  Pharynx. 

1.  M.  levator  veli  palatini  {N.  facialis). 

2.  M.  azygos  uvulte  {N.  facialis). 

3.  According  to  Garland,  the  pharynx  is  always  narrowed. 
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(B)  Expiration. 
I.  During  Ordinary  Respiration. 

The  thoracic  cavity  is  diminished  by  the  iveight  of  the  chest,  the  elasticity  of  the 
lungs,  costal  cartilages,  and  abdominal  muscles. 

II.  During  Forced  Expiration. 

The  Abdominal  Muscles. 

1.  The  abdominal  muscles  [including  the  obliquus  externus  and  internus,  and 
transversalis  abdominis]  {Nn.  abdominis  internis  anteHores  e  nervis  inter costalibus, 
8-12). 

2.  Mm.  intercostales  interni,  so  far  as  they  lie  between  the  osseous  parts  of  the 
ribs,  and  the  Mm.  infracostales  {Nn.  intercostales). 

3.  M.  triangularis  sterni  {Nn.  intercostales). 

4.  M.  serratus  posticus  inferior  {Ram.  externi  nerv.  dorsalium). 

5.  M.  quadratus  lumborum  {Ram.  muscular  e  plexu  hmibali). 

113.  ACTION  OF  THE  INDIVIDUAL  RESPIEATOEY  MUSCLES.— (A)  Inspiration.— (1) 
The  Diaphragm  arises  from  the  cartilages  and  the  adjoining  osseous  parts  of  the  lower  six  ribs 
(costal  portion),  by  two  thick  processes  or  crura,  from  the  upper  three  or  four  lumbar  vertebroe, 
and  a  sternal  portion  from  the  back  of  the  ensiform  process.  It  represents  an  arched  double 
cupola  or  dome-shaped  partition,  directed  towards  the  chest  ;  in  the  larger  concavity  on  the 
right  side  lies  the  liver,  while  the  smaller  arch  on  the  left  side  is  occupied  by  the  spleen  and 
stomach.  During  the  passive  condition,  these  viscera  are  pressed  against  the  under  surface  of 
the  diaphragm,  by  the  elasticity  of  the  abdominal 
walls,  and  by  the  intra-abdominal  pressure,  so  that 
the  urch  of  the  diaphragm  is  pressed  upwards  into  the 
chest.  The  elastic  traction  of  the  lungs  also  aids  in 
producing  this  result.  The  greater  part  of  the  upper 
surface  of  the  central  tendon  of  the  diaphragm  is 
united  to  the  pericardium.  The  part  on  which  the 
heart  rests,  and  which  is  perforated  by  the  inferior 
vena  cava  (foramen  quadrilatemm)  is  the  deepest  part 
of  the  middle  portion  of  the  diaphragm  during  the 
passive  condition. 

Action  of  the  Diaphragm. — When  the  dia- 
phragm contracts,  both  arched  portions  become 
flatter,  and  the  chest  is  thereby  elongated  from 
above  downwards.  In  this  act,  the  lateral 
muscular  parts  of  the  diaphragm  pass  from  an 
arched  condition  into  a  flatter  form  (fig.  138), 
and  during  a  forced  inspiration  the  lowest 
lateral  portions,  which  during  rest  are  in  con- 
tact "with  the  chest-wall,  become  separated 
from  it.  The  middle  of  the  central  tendon 
where  the  heart  rests  (fixed  by  means  of  the 
pericardium  and  inferior  vena  cava)  takes  no 
share  in  this  movement,  especially  in  ordinary 
quiet  breathing,  but  during  the  deepest  in- 
spiration it  sinks  somewhat. 

Undoubtedly,  the  diaphragm  is  the  most  powerful 
agent  in  increasing  the  cavity  of  the  chest.  Briicke 
believes  that  in  addition  to  increasing  the  length  of 


Fig.  138. 

Sagittal  section  through  the  second  rib  on 
the  right  side.  When  the  arched  mus- 
cular part  of  the  diaphragm  contracts,  a 
wedge-shaped  space,  with  its  apex  down- 
wanls,  is  formed  around  the  circumfer- 
ence of  the  lower  part  of  the  chest. 


the  thoracic  cavity  from  above  downwards,  it  also 
increases  the  transverse  diameter  of  the  lower  part  of  the  chest.  It  presses  upon  the  abdominal 
viscera  from  above,  and  strives  to  press  these  outwards,  thus  tending  to  push  out  the  adjoining 
thoracic  wall.  If  the  contents  of  the  abdomen  are  removed  from  a  living  animal,  every  time  the 
diaphragm  contracts  the  ribs  are  drawn  inwards.  This,  of  course,  hinders  the  chest  from 
becoming  wider  below,  hence  the  presence  of  the  abdominal  viscera  seems  to  be  necessary  for  tlie 
normal  activity  of  the  diaphragm.    Every  coatraction  of  the  diaphragm,  by  increasing  the 
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intra-abdominal  pressure,  favours  the  venous  blood-current  in  the  abdomen  towards  the  vena 
cava  inferior.  . 

Phrenic  Nerve.— The  immense  importance  of  the  diaphragm  as  tlic  great  inspiratory  muscle  is 
proved  by  the  fact  that,  after  both  phrenic  nerves  (third  and  fourth  cervical  nerves)  are  divided, 
death  occurs.  The  phrenic  nerve  contains  some  sensory  fibres  for  the  pleura,  pericardium,  and 
a  portion  of  the  diaphragm.  The  contraction  of  the  diaphragm  is  not  to  be  regarded  as  a 
"  simple  muscular  contraction,"  since  it  lasts  4  to  8  times  longer  than  a  simple  contraction  ;  it 
is  rather  a  short  tetanic  contraction,  which  we  may  arrest  in  any  stage  of  its  activity,  without 
bringing  into  action  any  antagonistic  muscles  [Kronecker  aiul  Marckwald). 

(2)  The  Elevators  of  the  Ribs.— The  ribs  at  their  vertebral  ends  (which  lie  much  higher  than 
their  sternal  ends)  are  united  by  means  of  joints  by  their  heads  and  tubercles  to  the  bodies  and 
transverse  processes  of  the  vertebrae.  A  horizontal  axis  can  be  drawn  through  both  joints, 
around  which  the  ribs  can  rotate  upwards  and  downwards.  If  the  axis  of  rotation  of  each  pair 
of  ribs  be  prolonged  on  both  sides  until  they  meet  in  tlie  middle  line,  the  angles  so  formed  are 
greatest  above  (125°),  and  smallest  below  (88°).  Owing  to  the  ribs  l)eing  curved,  we  can  imagine 
a  plane  which,  in  the  passive  (expiratory)  condition  of  the  chest,  has  a  slope  from  behind  and 
inwards  to  the  front  and  outwards.  If  the  ribs  move  on  their  axis  of  rotation,  this  plane 
becomes  more  horizontal,  and  the  thoracic  cavity  is  increased  in  its  transverse  diameter.  As 
the  axis  of  rotation  of  the  upper  ribs  runs  in  a  more  frontal,  and  that  of  the  lower  ribs  in  a  more 
sagittal  direction,  the  elevation  of  the  upper  ribs  causes  a  greater  increase  from  before  back- 
wards, and  the  lower  ribs  from  within  outwards  (as  the  movements  of  ribs  which  are  directed 
downwards  are  vertical  to  the  axis).  The  costal  cartilages  undergo  a  slight  tension  at  tlie  same 
time,  Avhich  brings  their  elasticity  into  play. 

Changes  in  the  Chest. — All  insph~atory  muscles"  ivhich  act  directly  upon  the 
chest-ivall  do  so  by  raising  the  ribs : — (a)  When  the  ribs  are  raised,  the  intercostal 
spaces  are  widened,  (b)  When  the  upper  ribs  are  raised,  all  the  lower  ribs  and  the 
sternum  must  be  elevated  at  the  same  time,  because  all  the  ribs  are  connected  with 
each  other  by  means  of  the  soft  parts  of  the  intercostal  spaces,  (c)  During  inspira- 
tion, there  is  an  elevation  of  the  ribs  and  a  dilatation  of  the  intercostal  spaces. 
(The  lowest  rib  is  an  exception  :  during  forced  respiration,  at  least,  it  is  drawn 
downwards.)  (d)  If,  on  a  preparation  of  the  chest,  the  ribs  be  raised  as  in  inspira- 
tion, we  may  regard  all  those  muscles  as  elevators  of  the  ribs,  whose  origin  and 
insertion  become  approximated.  Every  one  is  agreed  that  the  scaleni  and  levatores 
costarum  longi  et  breves,  the  serrattis  posticus  suj)erior,  are  inspiratory  muscles. 
These  are  the  most  important  inspiratory  muscles  which  act  upon  the  ribs. 

Intercostal  Muscles. — ^With  regard  to  the  action  of  the  intercostal  muscles,  there 
is  a  great  difference  of  opinion.  According  to  the  above  experiment,  the  external 
intercostals  and  the  intercartilaginous  parts  of  the  internal  intei-costals  act  as  in- 
spiratory muscles,  whilst  the  remaining  portions  of  the  internal  intercostals  (as  far  as 
they  are  covered  by  the  external)  are  elongated  when  the  ribs  are  raised,  while  they 
shorten  when  the  chest-wall  descends.  A  muscle  shortens  only  during  its  activity. 
The  internal  intercostals  were  regarded  by  Hamberger  as  depressors  of  the  ribs  or 
expiratory  muscles. 

In  fig.  139,  I,  when  the  rods,  a  and  h  (which  represent  the  ribs),  are  raised,  the  intercostal 
space  must  be  widened  {ef>e  d).  On  tlic  opposite  side  of  the  figure,  it  is  evident  that  when 
the  rods  are  raised,  the  line,  ;/  h,  is  shortened  {i  k<g  h,  direction  of  the  external  intercostals) 
I  m  is  lengthened  {I  m<o  n,  direction  of  internal  intercostals).  Fig.  139,  II,  shows,  that  when 
the  ribs  are  raised,  the  intei-cartilaginei,  indicated  by  g  h,  and  the  external  intercostals  in- 
dicated by  I  k,  are  shortened.  When  the  ribs  are  raised,  the  position  of  the  muscular  fibres  is 
indicated  by  the  diagonal  of  the  rhomb  becoming  shorter. 

The  mode  of  action  of  the  intercostal  muscles  is  an  old  story,  Galen  (131-203  a.d.)  recardinw 
the  externals  as  inspiratory,  the  internals  as  expiratory.  Hamberger  (1727)  accepted  this 
proposition,  and  considered  the  intercartilaginei  also  as  inspiratory.  Haller  looked  upon  both 
the  external  and  internal  intercostals  as  inspiratory,  while  Vesalius  (1540)  i-egarded  both  as 
expiratory.  Landerer,  observing  that  the  upper  two  or  three  intercostal  spaces  became  narrower 
during  inspiration,  regarded  both  as  active  during  inspiration  and  expiration.  They  keep  one 
rib  attached  to  the  other,  so  that  their  action  is  to  transmit  any  strain  put  upon  them  to  the 
wall  of  the  chest.  On  tliis  view  they  will  be  in  action,  even  when  the  distance  between  their 
points  of  attachment  becomes  greater.  Landois  regards  the  external  intercostals  and  inter- 
cartilagmei  as  active  onhj  during  inspiration,  the  internal  intercostals  only  during  expiration 
Martni  and  Hartwell  exjiosed  the  internal  intercostals,  and  observed  whether  they  contracted 
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along  with  the  diaphragm,  or  whether  the  contractions  of  these  two  muscles  alternate.  As  the 
result  of  their  experiments,  they  conclude  that  "the  internal  intercostal  muscles  are  expiratory 
throughout  their  whole  extent,  at  least  in  the  dog  and  cat ;  and  that  in  the  former  animal  they 
are  almost  'ordinary'  muscles  of  respiration,  while  in  the  latter  they  are  'extraordinary'' 
respiratory  muscles."]  Landois  is  of 
opinion  that  the  chief  action  of  these 
muscles  is  not  to  raise  or  depress  the 
ribs,  but  rather  that  the  external  inter- 
costals  and  the  intercartilagiuei  offer 
resistance  to  the  inspiratory  dilatation 
of  the  intercostal  spaces,  and  to  the 
simultaneously  increased  elastic  tension 
of  the  lungs.  Tlie  iatenial  intercostals 
act  during  powerful  expiratory  eiTorts, 
{e.g.,  coughing),  and  oppose  the  disten- 
sion of  the  lungs  and  chest  caused  by 
this  act.  Unless  muscles  were  present 
to  resist  the  uninterrupted  tension  and 
pressure,  the  intercostal  substance  would 
become  so  distended  that  respiration 
would  be  impossible.  [According  to 
Rutherford,  the  internal  intercostals  are 
probably  muscles  of  inspiration.] 

The  Pectoralis  minor  and 
(?  Serratus  anticus  major)  can 

only  act  as  elevators  of  the  ribs 
when  the  shoulders  are  fixed,  partly 
by  the  rhomboidei,  and  partly  by 
fixing  the  shoulder-joint  and  sup- 
porting the  arms,  as  is  done  instinc- 
tively by  persons  suffering  from 
breathlessness. 

(3)  Muscles  acting  on  the  Ster- 
num,  Clavicle,   and  Vertebral 


II 


Fig.  139. 

Scheme  of  the  action  of  the  intercostal  muscles. 


Column. — When  the  head  is  fixed  by  the  muscles  of  the  neck,  the  sternocleidomastoid 
raises  the  manubrium  sterni  and  the  sternal  end  of  the  clavicle,  so  that  the  thorax  is 
raised  and  thereby  dilated.  The  scaleni  also  aid  in  this  act.  The  clavicular  portion 
of  the  trapezius  may  act  in  a  similar  although  less  energetic  manner.  When  the 
vertebral  column  is  straightened,  it  causes  an  elevation  of  the  upper  ribs,  and  a  dila- 
tation of  the  intercostal  spaces  which  aid  inspiration.  During  deep  respiration,  the 
straightening  of  the  vertebral  column  takes  place  involuntarily. 

(4)  Laryngeal  Movements. — During  laboured  respiration,  with  every  inspiration, 
the  larynx  descends  and  the  glottis  is  opened.  At  the  same  time  the  palate  is  raised, 
so  as  to  permit  a  free  passage  to  the  air  entering  through  the  mouth. 

(5)  Facial  Movements. — During  laboured  respiration,  the  facial  muscles  are 
involved  ;  there  is  an  inspiratory  dilatation  of  the  nostrils  (well  marked  in  the  horse 
and  rabbit).  When  the  need  for  respiration  is  very  great,  the  mouth  is  gradually 
widened,  and  the  person  as  it  were  gasps  for  breath.  During  expiration,  the 
muscles  that  are  active  during  (4)  and  (5)  relax,  so  that  a  position  of  equilibrium 
is  established  without  there  being  any  active  expiratory  movement  to  counteract  the 
inspiratory  movement.    During  inspiration  the  pharynx  becomes  narrow  (Garland). 

(B)  Expiration. — Ordinary  expiration  occurs  without  the  aid  of  muscles,  owing  to 
the  weight  of  the  chest,  which  tends  to  fall  into  its  normal  position  from  the 
position  to  which  it  was  raised  during  inspiration.  This  is  aided  by  the  elasticity 
of  the  various  parts  of  the  chest.  When  the  costal  cartilages  are  raised,  which  is 
accompanied  by  a  slight  rotation  of  their  lower  margins  from  below  forwards  and 
upwards,  their  elasticity  is  called  into  play.  As  soon,  therefore,  as  the  inspiratoiy 
forces  cease,  the  costal  cartilages  return  to  their  normal  position,  i.e.,  the  position 


176 


KELATIVE  DIMENSIONS  OF  THE  CHEST. 


of  expiration,  and  tend  to  untwist  themselves  ;  at  the  same  time,  the  elasticity  of 
the  distended  lungs  draws  upon  the  thoracic  walls  and  the  diaphragm.  Lastly, 
the  tense  and  elastic  abdominal  walls,  which,  in  man  chiefly,  are  stretched  and 
pushed  forward,  tend  to  return  to  their  non-distended  passive  condition  when  the 
abdominal  viscera  are  relieved  from  the  pressure  of  the  contracted  diaphragm. 
(When  the  position  of  the  body  is  reversed,  the  action  of  the  weight  of  the  chest  is 
removed,  but  in  place  of  it  there  is  the  weight  of  the  viscera,  which  press  upon  the 
diaphragm.) 

The  abdominal  muscles  [obliquus  internus  and  externus,  transversalis  abdominis 
and  levator  ani]  are  always  active  during  laboured  respiration.  They  act  by  diminish- 
ing the  abdominal  cavity,  and  they  press  the  abdominal  contents  upwards  against  the 
diaphragm.  When  they  act  simultaneously,  the  abdominal  cavity  is  diminished 
throughout  its  whole  extent.  The  triangularis  sterni  depresses  the  sternal  ends 
of  the  united  cartilages  and  bones,  from  the  third  to  sixth  ribs  downwards  ;  and  the 
serratus  posticus  inferior  depresses  the  lowest  four  ribs,  causing  the  others  to 
follow.  It  is  aided  by  the  quadratus  lumborum,  which  depresses  the  last  rib. 
According  to  Henle,  the  serratus  posticus  inferior  fixes  the  lower  ribs  for  the  action 
of  the  slips  of  the  diaphragm  inserted  into  them,  so  that  it  acts  during  inspiration. 
According  to  Landerer,  the  downward  movement  of  the  ribs  in  the  lower  part  of 
the  thorax  dilates  the  chest. 

In  the  erect  position,  when  the  vertebral  column  is  fixed,  deep  inspiration  and  expiration 
naturally  alter  the  position  of  the  centre  of  gravity,  so  that  during  inspiration,  owing  to  the 
protrusion  of  the  thoracic  and  abdominal  walls,  the  centre  of  gravity  lies  somewhat  more  to  tlie 
front.  Hence,  with  each  respiration  there  is  an  involuntary  balancing  of  the  body.  During 
very  deep  inspiration,  the  accompanying  straightening  of  the  vertebral  column  and  the  throw- 
ing backwards  of  the  head  compensate  for  the  protrusion  of  the  anterior  walls  of  the  trunk. 

114.  RELATIVE  DIIVLENSIONS  OF  THE  CHEST.— The  diameter  of  the  chest  is  ascertained 
by  means  of  callipers  ;  the  circumference  with  a  flexible  centimetre  or  other  measure. 

In  strong  men,  the  circumference 
of  the  upper  part  of  the  chest  (imme- 
diately under  the  arms)  is 


Fig.  140. 

Cyrtometer  curve.    Left  side  of  the  chest  re 
tracted  in  a  girl  aged  twelve. 


141. 

Sibson's  thoracometer. 


metres  (34*3  inches),  in  females  82  centimetres  (32  inches);  at  the  level  of  the  ensi- 
form  process  82  centimetres  (32  inches)  and  78  centimetres  (30*4  inches)  respec- 
tively. When  the  arms  are  placed  horizontally,  during  moderate  expiration,  the 
circumference  immediately  under  the  nipple  and  the  angles  of  the  scapulae  is  equal 
to  half  the  length  of  the  body;  in  man  82,  and  during  deep  inspiration  89  centi- 
metres. The  circumference  at  the  level  of  the  ensiform  cartilage  is  6  centimetres 
less.    In  old  people,  the  circumference  of  the  upper  part  of  the  chest  is  diminished, 
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SO  that  the  lower  part  becomes  the  wider  of  the  two.  The  right  half  of  the  chest  is 
usually  slightly  larger  than  the  left  half,  owing  to  the  greater  development  of  the 
muscles  on  that  side.  The  long  diameter  of  the  chest— from  the  clavicle  to  the 
margin  of  the  lowest  rib — varies  very  much. 

The  transverse  diameter  in  man,  above  and  below,  is  25  to  26  centimetres  (9*7 
to  10-1  inches),  in  females  23  to  24  centimetres  (8-9  to  9-2  inches);  above  the 
nipple  it  is  1  centimetre  more.  The  antero-posterior  diameter  (distance  of 
anterior  chest-wall  from  the  tip  of  a  spinous  process)  in  the  upper  part  of  the  chest 
is  =  17  (6-6  inches),  in  the  lower  19  centimetres  (7-4  inches).  Valentin  found 
that  in  a  man,  during  the  deepest  inspiration,  the  chest  on  a  level  with  the 
groove  in  the  heart  was  increased  about  1^  to  i  ;  while  Sibson  estimates  the  increase 
at  the  level  of  the  nipple  to  be 

Thoracometer. — In  order  to  obtain  a  knowledge  ol'  tlie  degree  of  movement— rising  or  fall- 
ing— of  the  chest-wall  during  respiration,  various  instruments  have  been  invented.  The 
thoracometer  (tig.  141)  measures  the  elevation  in  ilifferent  parts  of  the  sternum.  It  consists  of 
two  metallic  bars  placed  at  right  angles  to  each  other  ;  one  of  them,  A,  is  placed  on  the 
vertebral  column.  On  B  there  is  placed  a  movable  transverse  bar,  C,  which  carries  on  its 
free  end  a  toothed  rod,  Z,  directed  downwards.  The  lower  end  of  this  rod  is  provided  with 
a  pad  which  rests  on  the  sternum,  while  its  toothed  edge  drives  a  small  wheel,  which  moves 
an  index,  whose  excursions  are  indicated  on  a  circle  with  a  scale  attached  to  it. 

The  Cyrtometer  of  Woillez  consists  of  a  brass  chain  of  movable  links,  to  be  applied  in  a  definite 
direction  to  part  of  the  chest- wall,  e.g.,  transversely  on  a  level  with  the  nii>ple,  or  vertically 
npon  the  mammillary  or  axillary  lines  anteriorly.  There  are  freely  movable  links  at  two  parts, 
which  permit  the  chain  to  be  easily  removed,  so  that  as  a  whole  it  still  retains  its  form.  The 
chain  is  laid  upon  a  sheet  of  paper,  and  a  line  drawn  witli  a  pencil  around  its  inner  margin 
gives  the  form  of  the  thorax  (tig.  140).    [A  lead  wire  answers  the  same  purpose.] 

Limits  of  the  Lungs. — The  extent  and  boundaries  of  the  lungs  are  ascertained 
in  the  living  subject  by  means  of  percussion,  which  consists  in  lightly  tapping  the 
chest-wall  by  means  of  a  hammer  (percussion-hammer).  A  small  ivory  or  bone 
plate  or  pleximeter,  held  in  the  left  hand,  is  laid  on  the  chest,  and  the  hammer  is 
made  to  strike  this  plate,  whereby  a  sound  is  emitted,  which  sound  varies  with  the 
condition  of  the  subjacent  lung-tissue.  Whenever  the  lung-substance  in  contact 
with  the  chest-wall  contains  air,  a  clear  resonant  tone  or  sound- — such  as  is  obtained 
by  striking  a  vessel  containing  air,  a  clear  percussion-sound — is  obtained.  Where 
the  lung  does  not  contain  air,  a  dull  sound — like  striking  a  limb — is  obtained. 
If  the  parts  containing  air  be  very  thin,  or  only  partially  filled  with  air,  the 
sound  is  "  mufHed." 

Fig.  142  indicates  the  relation  of  the  lungs  to  the  anterior  surface  of  the  chest. 
The  apices  of  the  lungs  reach  3  to  7  centimetres  (Tl  to  2 '7  inches)  above  the 
clavicles  anteriorly,  while  posteriorly  they  extend  from  the  spines  of  the  scapuljB 
as  high  as  the  seventh  spinous  process.  The  lower  maryin  of  the  rvjht  lung  in  the 
passive  position  (moderate  expiration)  of  the  chest,  commences  at  the  right  margin 
of  the  sternum  at  the  insertion  of  the  sixth  rib,  runs  under  the  right  nipple,  nearly 
parallel  to  the  upper  border  of  the  sixth  rib,  and  descends  a  little  in  the  axillary 
line,  to  the  upper  margin  of  the  seventh  rib.  On  the  left  side  (apart  from  the 
position  of  the  heart),  the  lower  limit  reaches  as  far  down  anteriorly  as  the  right. 
In  fig.  142  the  line  a,  t,  b  shows  the  lowest  limit  of  the  passive  lungs.  Posteriorly 
both  lungs  reach  as  far  down  as  the  tenth  lib.  During  the  deepest  i7ispiratio7i,  the 
lungs  descend  anteriorly  as  far  as  between  the  sixth  and  seventh  ribs,  and  posteriorly 
to  the  eleventh  rib — whereby  the  diaphragm  is  separated  from  the  thoracic  wall 
(fig.  143).  During  the  deepest  expiration,  the  lower  margins  of  the  lungs  are 
elevated  almost  as  much  as  they  descend  during  ins[)iration.  In  fig.  142,  m,  n 
indicates  the  margin  of  the  right  lung  during  deep  inspiration  ;  h,  I,  during  deep 
expiration.  [The  part  of  the  chest-wall  covered  by  the  costal  pleura  is  considerably 
larger  than  the  circumference  of  the  lung.  This  is  specially  marked  at  the  lower 
margin  of  the  lung,  and  where  the  left  lung  is  incised  over  the  heart.    In  these 
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regions,  during  expiration,  the  surfaces  of  the  visceral  and  parietal  pleura?  are  in 
contact,  but  during  inspii-ation  they  are  separated,  and  allow  the  thin  margins  of 
the  lung  to  be  insinuated  between  them.  This  available  space  is  called  comple- 
mental  space  {Geihardt),  or  "  disposable  "  or  reserve-pleural  space  by  Luschka 
{Eichhorst).'\ 

It  is  important  to  observe  the  relation  of  the  margin  of  the  left  lung  to  the  heart. 
In  fig.  142  a  somewhat  triangular  space,  reaching  from  the  middle  of  the  point  of 
insertion  of  the  fourth  rib  to  the  sixth  rib  on  the  left  side  of  the  sternum,  is 
indicated.  In  the  passive  chest,  the  heart  lies  in  contact  with  the  thoracic  wall  in 
this  triangular  area  {%  56).  This  area  is  represented  by  the  triangle  t,  t',  t",  and 
percussion  over  it  gives  a  dull  sound  (superficial  dulness). 

In  the  area  of  the  larger  triangle,  d,  d',  d'\  where  the  heart  is  separated  from^the 
chest-wall  by  the  thin  anterior  margins  of  the  lung,  percussion  gives  a  muffled  sound, 
while  further  outwards  a  clear  lung  percussion-sound  is  obtained.  During  deep 
inspiration,  the  inner  margin  of  the  left  lung  reaches  over  the  heart  as  far  as  the 


Fig.  142 ■ 

Topography  of  the  lungs  and  heart,   h,  I,  upward  limit  of  margin  of  lung  during  deepest  expira- 
tion; m,  n,  lower  hmit  during  deepest  inspiration  ;  t,  f ,  t",  triangular  area  where  the 
heart  is  uncovered  by  lung,  dull  percussion-sound  ;  d,  d',  d",  muilied  percussion-sound  ;  i 
%,  anterior  margin  of  left  lung  reaches  this  line  during  deep  inspiration,  and  during  deeti 
expiration  it  recedes  as  far  as  c,  d .  " 

insertion  of  the  mediastinum,  whereby  the  dull  sound  is  limited  to  the  smallest 
triangle,  t  ?,,  i'.  Conversely,  during  very  complete  expiration,  the  margin  of  the 
lung  recedes  so  far  that  the  cardiac  dulness  embraces  the  space,  t,  e,  e . 

115  PATHOLOGICAL  PERCUSSION-SOUNDS. -Abnormal  Dulness.-The  normal  clear  re- 
sonant percussion-sonnd  o  the  lungs  becomes  muffled  when  Infiltration  takes  place  into  the 
lungs  so  as  to  diminish  the  normal  amount  of  air  within  them,  or  when  the  lungs  are  con' 
pressed  from  without  by  effusion  of  fluid  into  the  pleura.  The  percussion-soundTecomes 
clearer  when  the  chest-wall  is  very  thin,  as  in  spare  individuals,  duriiig  very  deerhisiSSn 
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and  especially  in  emphj^sema,  where  the  air-vesicles  of  certain  parts  of  the  lung  (apices  and 
margins)  become  greatly  dilated. 

The  pitch  of  the  percussion -sound  ought  also  to  be  noted.  It  depends  upon  the  greater  or 
less  tension  of  the  clastic  pulmonary  tissue,  and  on  the  elasticity  of  the  thoracic  wall.  The 
tension  of  the  elastic  tissue  is  increased  during  inspiration  and  dinnnished  during  expiration,  so 
that  even  under  physiological  conditions,  the  pitch  of  the  sound  varies. 

The  sound  is  said  to  be  tympanitic  when  it  has  a  nuisical  quality  resembling  in  its  timbre 
the  sound  produced  on  drums,  and  when  it  has  a  slight  variation  in  pitch.  If  a  caoutchouc 
ball  be  placed  near  the  ear,  on  tapping  it  gently,  a  well-marked  tympanitic  sound  is  heard,  and 
the  sound  is  of  higher  pitch  the  smaller  the  diameter  of  the  bidl.  A  tympanitic  sound  is 
always  produced  on  tapjiing  the  trachea  in  the  neck.  A  tympanitic  sound  produced  over  the 
cliest  is  always  indicative  of  a  diseased  condition.  It  occurs  in  cases  of  cavities  or  vomicae  within 
the  substance  of  the  lung,  (the  sound  becomes  deeper  when  the  mouth,  or  better,  the  mouth 
and  nose,  are  closed),  when  air  is  present  in  one  pleural  cavity,  as  well  as  in  conditions  where 
the  tension  of  the  pulmonary  tissues  is  diminished.  The  tympanitic  sound  resembles  the 
metallic  tinkling  which  is  heard  in  lai-ge  pathological  caviticis  in  the  lungs,  or  which  occurs 
when  the  pleural  cavity  contains  air,  and  when  the  conditions  which  permit  a  more  uniform 
reflection  of  the  sound-waves  within  the  cavity  are  present. 

[AVlien  a  cavity,  freely  communicating  with  a  large  bronchus,  exists  in  the  upper  and 
anterior  part  of  the  lung,  a  peculiar  cracked-pot  sound"  is  heard  on  percussing  over  the 
part.  Some  notion  of  this  sound  may  be  obtained  by  clas[)ing  the  two  hands  so  as  to  bring  the 
palms  nearly  together,  leaving  an  air-space  between,  and  then  striking  them  on  the  knee. 
When  percussion  is  made  over  a  large  cavity  communicating  with  a  bronchixs,  some  of  the  air  is 
expelled,  and  the  sound  thereby  emitted  is  blended  with  the  fundamental  note  of  the  air  in  the 
cavity  itself,  the  combination  of  these  two  sounds  thus  producing  the  "  cracked-pot"  sound.] 

Resistance. — When  percussing  a  chest,  we  may  determine  whether  the  substance  lying  under 
the  portion  of  the  chest  under  examination  presents  great  or  small  resistance  to  the  blow,  either 
of  the  jjercussion -hammer  or  of  the  tips  of  the  fingers,  as  the  case  may  be,  [e.g.,  in  great 
pleuritic  effusion  exerting  much  pressure  on,  and  so  distending,  the  thoracic  walls]. 

Phoneme  try.— If  the  stem  of  a  vibrating  tuning-fork  be  placed  on  the  chest-wall  over  a  part 
containing  air,  its  sound  is  intensified  ;  but  if  it  be  placed  over  a  portion  of  the  lung  which  con- 
tains little  or  no  air,  its  sound  is  enfeebled  (vo^i  Baas), 

116.  THE  NORMAL  RESPIRATORY  SOUNDS.— If  the  ear  directly,  or 
through  the  medium  of  a  stethoscope,  be  placed  in  connection  with  the  chest-wall,  we 
hear  over  the  entire  area,  where  the  lung  is  in  contact  with  the  chest,  the  so-called 
"  normal  vesicular  sound,"'  which  is  audible  during  inspiratioii,  and  its  typical 
characters  may  be  studied  by  listening  in  the  infra-scapular  region  in  an  adult.  It 
is  a  fine  sighing  or  breezy  sound,  [which  gradually  increases  in  intensity  until  it 
reaches  a  maximum,  and  falls  away  before  expiration  begins].  It  is  said  to  be 
caused  by  the  sudden  dilatation  of  the  air-vesicles  (hence  "  vesicular  ")  during  inspira- 
tion, and  it  is  also  ascribed  to  the  friction  of  the  current  of  air  entering  the  alveoli. 
The  sound  has,  at  one  time,  a  soft,  at  another,  a  sharper  character  ;  the  latter  occurs 
constantly  in  children  up  to  12  years  of  age.  In  their  case,  the  sound  is  sharper, 
because  the  air,  in  entering  vesicles  one-third  narrower,  is  subjected  to  greater  fric- 
tion. This  is  followed  by  an  exinratory  sound,  which  may  be  absent  during  quiet 
breathing.  It  is  a  feeble  sighing  sound,  of  an  indistinct  soft  character,  caused  by 
the  air  passing  out  of  the  air-vesicles,  is  three  or  four  times  shorter  than  the 
inspiratory,  is  loudest  at  first,  and  soon  disappears,  the  latter  part  of  the  expiratory 
act  giving  rise  to  no  audible  sound.  Its  absence  is  not  a  sign  of  disease,  but  when 
it  is  prolonged  and  loud,  suspicion  is  aroused.] 

Bronchial  Respiration. — Within  the  larger  air-passages — larynx,  trachea,  bronchi 
— during  inspiration  and  expiration,  there  are  loud,  rough,  harsh  sounds  like  a 
sharp  h  or  eh — the  "  hroncliial  " — the  laryngeal,  tracheal,  or  "  tubular"  sound,  or 
breathing.  [In  normal  bronchial  breathing,  as  heard  over  the  trachea,  there  is  a 
pause  between  the  inspiratory  and  expiratory  sounds,  which  are  of  nearly  equal 
duration  and  of  about  the  same  intensity  throughout.  These  sounds  are  also  heard 
between  the  scapulae,  at  the  level  of  the  fourth  dorsal  vertebra  (bifurcation  of 
trachea),  and  they  occur  also  during  expiration,  being  slightly  louder  on  the  right 
side,  owing  to  the  slightly  greater  calibre  of  the  right  bronchus.    At  all  other  parts 
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of  the  chest,  the  vesicular  sound  obscures  tlie  tubular  or  bronchial  sound.  If  the 
air-vesicles  are  deprived  of  their  air,  the  tubular  breathing  becomes  distinct. 

Bronchial  respiration  is  produced  chiefly  in  the  larynx,  owing  to  the  formation  of 
air-eddies  in  consequence  of  the  narrowing  of  the  respiratory  part  of  the  glottis. 
This  "  laryngeal  stenosis  sound  "  excites  resonance  of  the  tracheo-bronchial  column  of 
air,  and  communicates  to  it  the  specific  character  of  bronchial  breathing  which  is 
heard  over  the  large  tubes  of  the  bronchial  system  (Deliio). 

It  is  asserted  that,  when  lungs  containing  air  are  placed  over  the  trachea,  the  tubular  sound 
there  produced  becomes  vesicular.  In  this  case,  we  must  suppose  that  the  vesicular  sound 
arises  from  the  tubular  breathing  becomiug  weakened,  and  acoustically  altered  by  being 
conducted  through  the  lung  alveoli.  A  sighing  sound  is  often  produced  at  the  apertures  of 
the  uose  and  mouth  during  forced  inspiration. 

117.  PATHOLOGICAL  RESPIRATORY  SOUNDS.— [The  breath-sounds  heard  in  disease  may 
be  merely  modifications  of  the  normal  vesicular  or  bronchial  sounds,  or  new  sounds,  such  as 
friction  sounds,  rales,  or  rhonchi.] 

[Puerile  Breathing  is  merely  an  exaggerated  vesicular  sound,  so  called  because  it  resembles 
the  louder  vesicular  sound  heai-d  in  children.  It  occurs  when  some  part  of  the  lung  is  unable  to 
act,  and  there  is,  as  it  Avere,  extra  work  of  the  other  parts  to  compensate,  and  thus  the  souud  is 
exaggerated.  ] 

(1)  Bronchial  or  Tubular  Breathing  occurs  over  the  entire  area  of  the  lung,  either  when  the 
air- vesicles  are  devoid  of  air,  which  may  be  caused  by  the  exudation  of  fluid  or  solid  constituents, 
or  when  the  lungs  are  compressed  from  without.  In  both  cases  vesicular  sounds  disappear,  and 
the  condensed  oi-  solidified  lung-tissue  conducts  the  tubular  sound  of  the  large  bronchi  to  the 
surface  of  the  chest.  [The  sound  heard  over  a  hepatised  lobe  of  the  lung  in  pneumonia  is  a 
typical  example.]  It  also  occurs  in  large  cavities,  with  resistent  walls  near  the  surface  of  the 
lung,  provided  these  cavities  communicate  with  a  large  bi-onchus.  [In  this  case  it  is  termed 
cavernous  breathing.  ] 

(2)  The  amphoric  sound  is  compared  to  that  produced  by  blowing  over  the  mouth  of  an 
empty  bottle.  It  occurs  either  when  a  cavity — at  least  the  size  of  the  list — exists  in  the  lung, 
which  is  so  blown  into  during  respiration  that  a  peculiar  amphoric-like  sound,  with  a  metallic 
timbre,  called  metallic  tinkling,  is  produced  ;  or  when  the  lung  still  contains  air,  and  is  capable 
of  expansion  ;  as  there  is  still  air  in  the  pleural  cavity,  it  acts  as  a  resonator,  and  causes  an 
amphoric  sovuid,  simultaneous  with  the  change  of  air  in  the  lungs,  [The  amphoric  sound  or 
echo  and  metallic  tinkling  are  the  only  certain  signs  of  the  existence  of  a  cavity  in  the  lung.] 

(.3)  If  obstruction  occurs  in  the  course  of  the  air-passages  of  the  lungs,  various  results  may 
accrue,  according  to  the  nature  of  the  resistance  : — {a)  owing  to  various  causes,  e.g.,  in  the 
apices  of  the  lungs,  there  may  be  partial  swelling  of  the  walls  of  the  air-tubes,  or  infiltration 
into  the  air-cells  which  hinders  the  regular  supply  of  air.  In  these  cases,  parts  of  the  lung 
are  not  supplied  with  air  continuously  ;  it  only  reaches  them  periodically,  when  a  cogwheel 
sound  occurs.  A  similar  sound  may  be  heard  occasionally  in  a  normal  lung,  when  the 
muscles  of  the  chest  contract  in  a  periodic  spasmodic  manner,  {b)  When  the  air  entering  large 
bronchi  causes  the  formation  of  bubbles  in  the  mucus  which  may  have  accumulated  there, 
'•  mucous  rales"  are  produced.  They  also  occur  in  small  spaces  when  the  walls  are  separated 
from  their  fluid  contents  by  the  air  entering  during  inspiration,  or  when  the  walls,  being  adherent 
to  each  other,  are  suddenly  pulled  asunder.  The  rales  are  distinguished  as  moist  (when  the 
contents  are  fluid),  or  as  dry  (when  the  contents  are  sticky)  ;  they  may  be  inspiratory,  expiratorj', 
or  continuous,  or  they  may  be  coarse  or  fine  ;  further,  there  is  the  very  fine  crepitation,  or 
crackling  sound,  and,  lastly,  the  metallic  tinkling  caused  in  large  cavities  through  resonance. 
[Crepitation  or  vesicular  rales  are  fine  crcjutating  sounds  like  those  produced  by  rubbing  a  lock 
of  hair  between  the  fingers  near  one's  ear  ;  they  occur  only  during  inspiration,  and  are  a  proof  that 
.some  air  is  entering  the  air-vesicles.  It  is  heard  in  its  typical  form  during  the  first  stage  of 
imeumonia,  and  seems  to  be  produced  by  the  bursting  of  minute  bubbles  of  air  in  a  fluid.]  {c) 
When  the  mucous  membrane  of  the  bronchi  is  greatly  swollen,  or  is  so  covered  with  viscid 
mucus  that  the  air  must  force  its  way  through,  deep  sonorous  rhonchi  (rhonchi  sonori)  may 
occur  in  the  large  air-passages,  and  clear  shrill  sibilant  sounds  (rhonchi  sibilantes)  in  the  smaller 
ones.  [Rhonchi  are  usually  due  to  catarrh  or  to  afl'ections  of  the  bronchial  mucous  membrane 
or  bronchitis.]  When  there  is  extensive  bronchial  catarrh,  not  unfrequently  we  feel  the  chest- 
wall  vibrating  with  the  rale  sounds  (bronchial  fremitus). 

(4)  If  fluid  and  air  occur  together  in  one  pleural  cavity  in  which  the  lung  is  collapsed,  on 
shaking  the  person's  thorax  vigorously  we  hear  a  sound  such  as  is  produced  when  air  and 
water  are  shaken  together  in  a  bottle.  This  is  the  succussion  sound  of  Hippocrates.  Much 
more  rarely  this  sound  is  heard  under  similar  conditions  in  large  pulmonary  cavities. 

(5)  Pleiiral  Friction.  —When  the  two  opposed  surfaces  of  the  pleura  are  inflamed,  have 
become  soft,  and  are  covered  with  exudation,  they  move  over  each  other  during  respiration,  and 
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in  doing  so  give  rise  to  friction-sounds,  which  can  be  felt  (often  by  the  patient  himself),  and 
can  also  be  heard.    The  souml  is  comparable  to  the  sound  pi'odiiced  by  bending  new  leather. 

(6)  Pectoral  Fretnitiis.  — When  we  speak  or  sing  in  a  loud  tone,  the  walls  of  the  chest  vibrate, 
because  the  vibration  of  the  vocal  cords  is  jiropagated  throughout  the  entire  bronchial  raniilica- 
tions.  The  vibration  is,  of  course,  greatest  near  the  trachea  and  large  bronchi.  The  ear  cannot 
detect  the  sounds  distinctly.  If  there  be  nnich  exudation  or  air  in  the  pleura,  or  great  accumula- 
tion of  mucus  in  tlie  bronchi,  the  pectoral  fremitus  is  diminished  or  altogether  absent.  [In 
health,  when  a  person  speaks,  the  vocal  resonance  over  the  trachea,  altliougli  loud,  may  be 
inarticulate  ;  and  on  listening  over  the  sternum  the  sound  is  diminished  and  quite  inarticulate  ; 
while  over  the  chest-wall  generally  tlie  sound,  though  distiuct,  is  feeble. 

All  conditions  which  cause  bronchial  breathing  increase  the  pectoral  fremitus.  Under 
normal  circumstances,  therefore,  it  is  louder  where  bronchial  breathing  is  heard  normally.  The 
ear  hears  an  intensified  sound,  called  bronchophony,  [which  is  a  sound  like  that  lieard  normally 
over  the  trachea  or  bronchi,  but  audilde  over  tlie  vesicular  lung-tissue.  The  conditions  that 
cause  it  are  the  same  as  those  on  which  broncliial  breathing  dejieuds,  so  that  it  is  lieard  in 
pneumonia  and  phthisis.  If,  through  eti'usion  into  the  pleura  or  inHammatory  processes  in  the 
lung-tissue,  the  bronchi  are  pressed  Hat,  a  peculiar  bleating  sound  (sBgophony)  may  be  heard.] 

118.  PRESSURE  IN  THE  AIR-P  ASS  AGES  DURING  RESPIRATION.— 

Respiratory  Pressure. — If  a  manometei-  be  tied  into  the  trachea  of  an  animal, 
so  that  the  respiration  goes  on  completely  undisturbed,  i.e.,  normal  respiration, 
during  every  inspiration  there  is  a  negative  pressure  (-3  mm.  Hg)  and  during 
expiration  a  positive  pressure.  Bonders  placed  the  (J-^^i^P^d  manometer  tube  in 
one  nostril,  closed  his  mouth,  leaving  the  other  nostril  open,  and  respired  quietly. 
During  every  quiet  inspiration  the  mercury  showed  a  negative  pressure  of  —  1  mm. , 
and  during  expiration  a  positive  pressure  of  2-3  mm.  (Hg). 

Forced  Respiration. — As  soon  as  the  air  was  inspired  or  expired  with  greater 
force,  the  variations  in  pressure  became  very  much  greater,  e.g.,  during  speaking, 
singing,  and  coughing.  The  inspiratory  pressure  was  =  -  57  mm.  (36-74),  the 
greatest  expiratory  pressure  -i-  87  (82-100)  mm.  Hg.  The  pressure  of  forced  expira- 
tion, therefore,  is  30  mm.  greater  than  the  inspiratory  pressure  {Donders). 

Resistance  to  Inspiration. — Notwithstanding  this,  we  must  not  conclude  that  the 
expiratory  muscles  act  more  powerfully  than  the  inspiratory  ;  for  during  inspiration 
a  variety  of  resistances  have  to  be  overcome,  so  tliat  after  these  have  been  met,  there 
is  only  a  residue  of  the  force  for  the  aspiration  of  the  mercury.  The  resistances  to 
be  overcome  by  the  inspiratory  muscles  are  : — (1)  The  elastic  tension  of  the  lungs, 
which  during  the  deepest  expirations  =  6  mm. ;  during  the  deepest  inspirations  =  30 
mm.  Hg  (^^  107).  (2)  The  rai.sing  of  the  weight  of  the  chest.  (3)  The  elastic 
torsion  of  the  costal  cartilages.  (4)  The  depression  of  the  abdominal  contents,  and 
the  elastic  distension  of  the  abdominal  walls.  All  these  not  inconsidei'able  resist- 
ances, which  the  inspiratory  muscles  have  to  overcome,  act  during  expiration,  and 
aid  the  expiratory  muscles.  The  forces  concerned  in  inspiration  are  decidedly  much 
greater  than  tho.se  of  expiration. 

Intra-thoracic  Pressure. — As  the  lungs  within  the  chest,  in  virtue  of  their  elas- 
ticity, continually  stiive  to  collapse,  necessarily  they  must  cause  a  negative  pressure 
within  the  chest.  This  amounts  in  dogs,  during  inspiration,  to  -  7*1  to  -  7*5  mm.  Hg, 
and  during  expiration  to -4  mm.  Hg.  The  corresponding  values  for  man  have 
been  estimated  at  -  4*5  mm.  Hg  and  -  3  mm.  Hg,  by  Hutchinson, 

[We  must  distinguish  between  the  respiratory  pressure  of  the  air  loWiiii  the  resjnratory  passages, 
and  the  intra-thoracic  pressure.  The  former  is  the  same  as  the  atmospheric  pressure  when  the 
chest  is  passive,  but  less  than  it  as  the  cliest  is  being  enlarged,  and  greater  tlian  it  when  it  is 
being  diminished  in  size.  The  intra-thoracic  pressure  is  the  pressure  within  the  chest,  but 
outside  the  lungs,  i.e.,  in  the  pleura,  mediastinum,  &c.  It  is  negative,  i.e.,  less  than  the 
atmospheric  pressure,  and  must  vary  with  the  degree  of  distension  of  the  lungs.] 

[Methods. — A  direct  estimation  was  made  by  Adamkiewicz  and  Jacobson.  A  trocar  witli  its 
stylette  was  forced  into  the  fourth  left  intercostal  space  near  the  sternum  and  pushed  into  the 
pericardium  (sheep).  The  stylette  was  then  withdrawn,  and  the  trocar  connected  with  a 
manometer,  and  the  negative  pressure  of  -  3  to  -  5  nun.  Hg  was  obtained.  During  severe 
dyspnoea  it  was  -9  mm.  Hg.    Rosenthal  introduced  an  oesophageal  sound  with  an  elastic 
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ampulla  on  its  lower  end  into  the  oesophagus,  so  that  the  ampulla  came  to  lie  opposite  the 
posterior  mediastinum.  The  sound  was  connected  with  a  registering  tan\bour  or  manometer. 
During  inspiration  the  manometer  fell,  and  during  inspiration  it  rose.] 

Even  the  greatest  insjjiratory  or  expiratory  pressure  is  always  much  less  than  the  blood- 
pressure  in  the  large  arteries  ;  but  if  the  2)ressure  be  calculateil  upon  the  entire  respiratory 
.surfiice  of  the  thorax,  very  considerable  results  are  obtained. 

Pneumatometer.  — This  instrument  of  Waldenburg  is  merely  a  mercurial  manometer  fixed  to  a 
.stand,  and  connected  to  an  elastic  tube  with  a  suitable  mouthpiece,  which  is  fitted  over  the 
mouth  and  nose,  while  the  variations  of  the  Hg  can  be  read  ofl'  on  a  scale.  [In  the  male,  the 
expiratory  pressure  is  90-120  mm.  Hg,  and  the  respiratory  70-100.  The  relation  of  the 
pressures  during  expiration  and  inspiration  is  more  important  than  the  absolute  pressure.] 
The  inspiratory  pressure  is  diminished  in  nearly  all  diseases  whore  the  expansion  of  the  lung  is 
impaired  [phthisis],  or  the  expiratory  pressure  is  diminished,  as  in  emphysema  and  asthma. 

Effects  of  the  first  Respiration  on  the  Thorax.— Until  birth,  the  airless  lungs  are  completely 
collapsed  (atelectic)  within  the  chest,  and  fill  it,  so  that  on  opening  the  cliest  in  a  dead  fcetus, 
pneumo-thorax  does  not  occur  {Bernnlcin).  Supposing,  however,  respiration  to  have  been  fully 
established  after  birth,  and  air  to  have  freely  entered  the  lungs,  if  a  manometer  be  placed  in 
connection  with  the  trachea,  and  the  chest  be  opened,  the  manometer  will  register  a  pressure  of 
6  mm.  Hg,  due  to  the  collapse  of  the  elastic  lungs.  Bernstein  supposes  that  the  thorax  assumes 
a  new  permanent  form,  due  to  the  first  respiratory  distension  ;  it  is  as  if,  owing  to  the 
respiratory  elevation  of  the  ribs,  the  thorax  had  become  permanently  too  large  for  the  lungs, 
which  are,  therefore,  kept  permanently  distended,  but  collapse  as  soon  as  air  passes  into  the 
pleura.  When  a  lung  has  once  been  filled  with  air,  it  cannot  be  emptied  by  pressure  from 
without,  as  the  small  bronchi  are  compressed  before  the  air  can  pass  out  of  the  alveoli.  The 
expiratory  muscles  cannot  possibly  expel  all  the  air  from  the  lungs,  while  the  inspiratory 
muscular  force  is  sufficient  to  distend  the  lungs  beyond  their  elastic  efpiilibrium.  Inspiration 
distends  the  lungs,  increasing  their  elastic  tension,  while  expiration  diminishes  the  tension 
without  abolishing  it. 

119.  APPENDIX  TO  RESPIRATION.— Nasal  Breathing.— During  quiet 
respiration  we  usually  breathe — or  ought  to  breathe — through  the  nostrils,  the 
mouth  being  closed.  The  current  of  air  passes  through  the  pharyngo-nasal  cavity 
— so  that,  in  its  course  during  inspiration,  it  is  (1)  xmrmed  and  rendered  moist^  and 
thus  irritation  of  the  mucous  membrane  of  the  air-passages  by  the  cold  air  is  pre- 
vented ;  (2)  small  particles  of  soot,  or  other  foreign  substances  in  the  air,  adhere  to, 
and  become  embedded  in  the  mucus  covering  the  somewhat  tortuous  walls  of  the 
respiratory  passages,  and  are  carried  outwards  by  the  agency  of  the  ciliated  epi- 
thelium of  the  respiratory  passages  ;  (3)  disagreeable  odours  and  certain  impurities 
are  detected  by  the  sense  of  smell. 

If  a  lung  be  inflated,  air  constantly  passes  through  the  walls  of  the  alveoli  and  trachea.  This 
also  occurs  during  violent  expiratory  efforts  (cutaneous  emphysema  in  whooping-cough),  so  that 
pneumo-thorax  may  occur  (/.  11.  EhmiIcI  and  Kobert). 

Pulmonary  CEdema,  or  the  exudation  of  lymph  into  the  pulmonary  alveoli,  occurs — (1) 
When  there  is  very  great  resistance  to  the  blood-stream  in  the  aorta  or  its  branches,  e.g.,  by 
ligaturing  all  the  arteries  going  to  the  head  or  the  arch  of  the  aorta,  so  that  only  one  carotid 
7'emains  pervious.  (2)  When  the  pulmonary  veins  are  occluded.  (3)  "When  the  left  ventricle, 
owing  to  mechanical  injury,  ceases  to  beat,  while  the  right  ventricle  goes  on  contracting  (§  47). 
These  conditions  produce  at  the  same  time  anremia  of  the  vaso-motor  centre,  which  results  in 
stimulation  of  that  centre,  and  consequent  contraction  of  all  the  small  arteries.  Thus  the 
lilood-stream  through  the  veins  to  the  right  heart  is  favoured,  and  this  in  its  turn  favours  the 
production  of  ccdema  of  the  lungs.  [The  injection  of  muscarin  rapidly  causes  pulmonary 
u'dcma,  due  to  the  increase  of  pressure  and  slowing  of  the  blood-stream  in  the  pulmonary  capillaries. 
It  is  set  aside  by  atropin  (  Weinzwcig,  Grossmann).] 

120.  MODIFIED  RESPIRATORY  MOVEMENTS.— (1)  Cotighlng  consists  in  a  sudden 
violent  expiratory  explosion  after  a  previous  deep  inspiration  and  closure  of  the  glottis,  whereby 
the  glottis  is  forced  open,  and  any  substance,  fluid,  gaseous,  or  solid,  in  contact  with  the  res- 
piratory mucous  membrane  is  violently  ejected  through  the  open  mouth.  It  is  produced  volun- 
tarily or  reflexly ;  in  the  latter  case,  it  can  be  controlled  by  the  will  only  to  a  limited  extent 

[Causes.— A  cough  may  be  discharged  reflexly  from  a  large  number  of  surfaces:— (1)'  A 
draught  of  cold  air  striking  the  skin,  especially  of  the  upper  part  of  the  body.  This  may  cause 
congestion  of  blood  in  the  air-passages,  this  in  turn  exciting  the  cough.  (2)  More  frequently 
it  is  discharged  from  the  respiratory  mucous  membrane,  especiallv  of  the  larynx,  the  sensory 
branches  of  the  vagus  and  the  superior  laryngeal  nerve  being  the  afferent  nerves.  A  couch 
cannot  be  discharged  from  every  ])art  of  the  larynx  :  thus  there  is  none  from  the  true  vocal  cords 
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but  only  from  the  glottis  respiratoria.  All  other  pavts  of  the  larynx  are  inactive,  and  so  is  the 
trachea  as  far  as  the  bifurcation,  where  stimulation  excites  cough  {Kohts).  (3)  Sometimes  an 
offending  body,  such  as  a  pea  or  inspissated  cerumen  in  the  external  auditory  meatus,  gives  rise 
to  coughing,  the  afferent  nerve  being  the  auricular  branch  of  the  vagus.  (4)  There  seems  to  be 
no  doubt  that  tliere  may  be  a  "  gastric  or  stomach  cough,"  produced  by  stimulation  of  the  gastric 
branches  of  the  vagus,  especially  in  cases  of  indigestion,  accompanied  by  irritation  of  the  larynx 
and  trachea.  (5)  Irritation  of  the  costal  pleura  and  even  of  the  cesophagus  {Kohts).  (6)  Irrita- 
tion of  some  parts  of  the  nose.  (7)  Sometimes  also  from  irritation  of  the  pharynx,  as  by  an 
elongated  uvula.  (8)  In  some  diseases  of  the  liver,  spleen,  and  generative  oi'gans,  when  ])ressure 
is  exerted  on  these  parts.  ] 

(2)  Hawking,  or  clearing  the  throat.— An  expiratory  current  is  forced  in  a  continuous  stream 
through  the  narrow  space  between  the  root  of  the  tongue  and  the  depressed  soft  palate,  in  order 
to  assist  in  the  remova-1  of  foreign  bodies.  When  the  act  is  carried  out  periodically,  the  closed 
glottis  is  suddenly  forced  open,  and  it  is  comparable  to  a  voluntary  gentle  cough.  This  act  can 
only  be  produced  voluntarily. 

(3)  Sneezing  consists  in  a  sudden  violent  expiratory  blast  through  the  nose,  for  the  removal 
of  mucus  or  foreign  bodies  (the  mouth  being  rarely  open)  after  a  simple  or  repeated  spasm-like 
inspiration— the  glottis  remaining  open.  It  is  usually  caused  reflexly  by  stimulation  of  sensory 
nerve-fibres  of  the  nose  [nasal  branch  of  the  fifth  nerve],  or  by  sudden  exposure  to  a  bright  light 
[the  afferent  nerve  is  the  optic].  This  reflex  act  may  be  interfered  with  to  a  certain  extent,  or 
even  prevented,  by  stimulation  of  sensory  nerves,  or  firmly  compressing  the  nose  where  the 
nasal  nerve  issiies.  The  continued  use  of  sternutatories,  as  in  persons  who  take  snuff,  dulls  the 
sensory  nerves,  so  that  they  no  longer  act  when  stimulated  reflexly. 

[Sternutatories  or  Errhines,  such  as  powered  ijjecacuanha,  snuff,  and  euphorbium,  also  in- 
crease the  secretion  from  the  nasal  glands.  The  afferent  impulses  sent  to  the  respiratory  centre 
also  affect  the  vaso-motor  centre,  so  that,  even  when  sneezing  does  not  occur,  the  blood-pressure 
throughout  the  body  is  raised.] 

(4)  Snoring  occurs  during  respiration  through  the  open  mouth,  whereby  the  inspiratory  and 
expiratory  stream  of  air  throws  the  uvula  and  soft  jialate  into  vibration.  It  is  involuntary,  and 
usually  occurs  during  sleep,  but  it  may  be  ])roduced  voluntarily. 

(5)  Gargling  consists  in  the  slow  passage  of  the  expiratory  air-current  in  the  form  of  bubbles 
through  a  fluid  lying  between  the  tongue  and  the  soft  palate,  when  the  head  is  held  backwards. 
It  is  a  voluntary  act. 

(6)  Crying,  caused  by  emotional  conditions,  consists  in  short,  deep  inspirations,  long  expira- 
tions with  the  glottis  narrowed,  relaxed  facial  and  jaw  muscles,  secretion  of  tears,  often  com- 
bined with  plaintive  inarticulate  expressions.  When  crying  is  long  continued,  sudden  and 
spasmodic  involuntary  contractions  of  the  diaphragm  occur,  which  cause  the  inspiratory  sounds 
in  the  pharynx  and  larynx  known  as  sobbing.    This  is  an  involuntary  act. 

(7)  Sighing  is  a  prolonged  inspiration,  usually  combined  with  a  plaintive  sound,  often  caused 
involuntarily,  owing  to  painful  or  unpleasant  recollections. 

(8)  Laughing  is  due  to  short  rapid  expiratory  blasts  through  the  tense  vocal  cords,  which 
cause  a  clear  tone,  and  there  are  characteristic  inarticulate  sounds  in  the  larynx,  with  vibra- 
tions of  the  soft  palate.  The  mouth  is  usually  open,  and  the  countenance  has  a  characteristic 
expression,  owing  to  the  action  of  the  M.  zygomaticus  major.  It  is  usually  involuntary,  and 
can  only  be  suppressed,  to  a  certain  degree,  by  the  will  (by  forcibly  closing  the  mouth  and 
stopping  respiration). 

(9)  Yavming  is  a  prolonged  deep  inspiration  occurring  after  .successive  attempts  at  numerous 
inspirations  —the  mouth,  fauces,  and  glottis  being  wide  open  ;  expiration  shorter — both  acts 
often  accompanied  by  prolonged  characteristic  .sounds.  It  is  quite  involuntary,  and  is  usually 
excited  by  drowsiness  or  ennui. 

[(10)  Hiccough  is  due  to  a  spasmodic  involuntary  contraction  of  the  diaphragm,  causing  an 
inspiration,  which  is  arrested  by  the  sudden  closure  of  the  glottis,  so  that  a  characteristic  sound 
is  emitted.  Not  unfrequently  it  is  due  to  irritation  of  the  gastric  mucous  membrane,  and  some- 
times it  is  a  very  troublesome  symptom  in  uremic  poisoning.] 

121.  CHEMISTRY  OF  RESPIRATION— CARBON  DIOXIDE,  OXYGEN,  and  WATERY 
VAPOUR  GIVEN  OFF.— I.  Estimation  of  CO.,.— 1.  The  vohmie  of  COo  is  estimated  by  means 
of  the  anthracometer  (fig.  143,  II).  The  volume  of  gas  is  collected  in  a  graduated  tube,  rr, 
provided  with  a  bulb  at  one  end  (previously  filled  Avith  water  and  carefully  calibrated,  i.e.,  the 
exact  amount  which  each  part  of  the  tube  contains  is  accurately  measui-ed),  and  the  tube  is  closed. 
The  lower  end  has  a  stop-cock,  h,  and  to  this  is  screwed  a  flask,  n,  completely  filled  with  a  solu- 
tion of  caustic  potash  ;  the  stop-cock  is  then  ojiened,  the  potash  solution  is  allowed  to  ascend 
into  the  tube,  which  is  moved  about  until  all  the  COo  unites  with  the  potash  to  form  potassium 
carbonate.  Hold  the  tube  vertically  and  allow  the  potash  to  run  back  into  the  flask,  close  the 
stop-cock,  and  remove  the  bottle  with  the  potash.  Place  the  stop-cock  under  water,  open  it,  and 
allow  the  water  to  ascend  in  the  tube,  when  the  space  in  the  tube  occupied  by  the  fluid  indicates 
the  volume  of  COo  which  is  combined  with  the  potash. 
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2  Bv  Weieht  -A  larffe  quantity  of  the  mixture  of  gases  which  has  to  be  investigated  is  made 
to  pas?th,ou.h  a  Licbig's  bldb  tilled  witli  caustic  potash  The  potash  ^PP^'j-f  ^;^,^^Xf  b?^" 
carefully  weiglied  beforehand,  the  increase  ot  weight  indicates  the  amount  of  G02^^hlch  Has 
been  taken  un  bv  the  notnsh  from  the  air  passed  through  it.  ,       ,   ,        ,  i 

3  Bv  Titration  —A  large  volume  of  the  air  to  be  investigated  is  conducted  through  a  known 
volume  of  a  solution  of  barium  hydrate.  The  CO.,  unites  with  the  barium  and  forms  barium 
carbonate  The  lUiid  is  neutralised  with  a  standard  solution  of  oxalic  acid,  and  the  more  barium 
tiiat  has  united  with  the  COo  the  smaller  will  be  the  amount  of  oxalic  acid  used,  and  vice  versd. 

II   iEstimation  of  Oxygen.'— According  to  volume— («)  By  the  union  of  the  O  with  jiotassium 

pyrogallate.    The  same 

 p-N  procedure   is  adopted 

^  as  for  the  estimation 

'  of  C0.2,  only  the  flask, 

n,  is  tilled  Avith  the 
j>yrogallate  solutioniu- 
stead  of  potash.  {b) 
By  explosion  in  an 
eiidiometer  (see  Blood- 
Gases,  §  35). 

III.  Estimation  of 
Watery  Vapour. — The 
air  to  be  investigated  is 
passed  through  a  bulb 
containingconcc7i<?'«toZ 
sulphuric  acid,  or 
through  a  tube  filled 
with  pieces  of  calcium 
chloride.  The  amount 
of  water  is  directly  in- 
dicated by  the  increase 
of  weicdit. 


n 


Fig. 


143. 


I.  Apparatus  of  Andral  and  Gavarret  for  collecting  the  expired  air.  C, 
large  cylinder  to  collect  the  air  expired  ;  P,  weight  to  balance  cylin- 
der ;  a,  h,  two  Midler's  valves ;  M,  mouthpiece.  II.  Anthracometer 
of  Vierordt. 


122.  METHODS  OF 
INVESTIGATION.— I. 
Collecting  the  Expired 
Air. — (1)  The  air  ex- 
pired may  be  collected 
in  the  cylinder  of  the 
spirometer,  which  is 
suspended  in  concen- 
trated salt  solution  to 
avoid  the  absorption 
of  COg  (§  108). 

Andral  and  Gavarret's  Apparatus. — The  operator  breathed  several  times  into  a  capacious 
cylinder  (fig.  143).  A  mouthpiece  (M)  was  placed  air-tight  over  the  mouth  while  the  nostrils 
were  closed.  The  direction  of  the  respiratory  current  was  regulated  by  two  so-called  "Miiller's 
Valves  "  (mercurial),  (a  and  h).  With  every  inspiration  the  bottle  or  valve,  a  (filled  below  with 
Hg  and  hermetically  closed  above),  permits  the  air  inspired  to  pass  to  the  lungs — during  every 
expiration  the  expired  air  can  pass  only  through  h  to  the  collecting-cylinder  C. 

(2)  If  the  gases  given  off  by  the  skin  are  to  be  collected,  a  limb,  or  whatever  part  is  to  be 
investigated,  is  secured  in  a  closed  vessel,  and  the  gases  so  obtained  are  analysed. 

II.  The  most  important  apparatus  for  tliis  purpose  arc  those  of — (re)  Scliarling  (fig.  144), 
which  consists  of  a  closed  box.  A,  of  sufficient  size  to  contain  a  man.  It  is  ju'ovided  with  an 
inlet  and  outlet  b.  The  latter  is  connected  with  an  aspirator,  C,  a  large  barrel  filled  with 
water.  When  the  stop-cock,  h,  is  opened  and  the  water  flows  out  of  the  barrel,  fresh  air  will 
rush  in  continuously  into  the  box,  A,  and  the  air  mixed  with  the  expired  gases  will  be  drawn 
towards  C.  A  Liebig's  bulb,  d,  filled  with  caustic  potash,  is  connected  with  the  entrance  tube, 
z,  through  which  the  in-going  air  must  pass,  whereby  it  is  completely  deprived  of  CO^,  so  that 
the  ])ersoii  experimented  on  is  supplied  with  air  free  from  COo.  The  air  passing  out  by  the 
exit  tube,  h,  has  to  ])ass  first  through  e,  Avhere  it  gives  up  its  watery  vapour  to  sulphuric  acid, 
whereby  the  amount  of  watery  vapour  is  estimated  by  the  increase  of  the  weight  of  the 
apparatus,  c.  Afterwards  the  air  passes  through  a  bulb,  /,  containing  caustic  potash,  which 
absorbs  all  the  CO.,,  while  the  tube,  g,  filled  with  .sulphuric  acid,  absorbs  any  watery  vapour 
that  may  come  from/.  The  increase  in  weight  of /and  cj  indicates  the  amount  of  CO2.  The 
total  volume  of  air  used  is  known  from  the  capacity  of  C. 

(6)  Regnault  and  Reiset's  Apparatus  is  more  complicated,  and  is  used  when  it  is  necessary 
to  keep  animals  for  some  time  under  observation  iu  a  bell-jar.    It  consists  of  a  globe,  11,  in 
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hich  is  placed  the  dog  to  be  experimented  on  (fig.  145).  Around  this  is  placed  a  cylinder, 
ff}  9f  (provided  with  a  thermometer,  t),  which  may  be  used  for  calorimetric  experiments.  A 
tube,  c,  leads  into  the  globe,  R ;  tlirough  this  tube  passes  a  known  (Quantity  of  pure  oxygen 
(fig.  145,  0).    To  absorb  any  trace  of  CO.2,  a  vessel  containing  potash  (fig.  145,  CO.,)  is  placed 


Fig.  144. 

Scharling's  apparatus,  d,  bulb  containing  caustic  potash  to  absorl)  CO.,  tVotii  in  going  air  ;  A, 
box  for  animal  experimented  on  ;  c  and  g,  tubes  contai)nng  sulphuric  acid  to  absorb 
watery  vapour  ;  /,  potash  bulb  to  absorb  CO.,  given  off ;  C,  vessel  filled  with  water  to 
aspirate  air  ;  Ji,  stop-cock. 

in  the  course  of  the  tube.  The  vessel  for  measuring  the  0  is  emptied  towards  R,  through  a 
solution  of  calcium  chloride  from  a  large  pan  (CaCL)  provided  with  large  flasks.  Two  tubes, 
d  and  e,  lead  from  R,  and  are  united  by  caoutchouc  tubes  with  the  potash  bulbs  (KOH,  KoA), 
which  can  be  raised  or  depressed  alternately  b}'  means  of  the  beam,  AV.    In  this  way  they 


Ca  CI2  H 


Koh 


Fig.  145. 

Scheme  of  the  respiration  api>aratus  of  Regnault  and  Reiset.  _  R,  globe  for  animal ;  gr,  9,  outer 
casino  for  R,  provided  with  a  thermometer,  t  ;  d  and  e,  exit  tubes  to  movable  potash  bulbs, 
koh" and  Koh;  0,  in-going  oxygen;  CO.,,  vessel  to  absorb  any  carbonic  acid;  CaLU, 
apparatus  for  estimating  the  amount  of  0  supplied  ;  /,  manometer, 
aspirate  alternately  the  air  from  R,  and  the  caustic  potash  absorbs  the  CO.,.  _  The  mcrease  in 
wei'^ht  of  these  flasks  after  the  experiment  indicates  the  amount  of  CO,  expired.    The  mano- 
moU'v  f  shows  whether  there  is  a  diff-prence  of  the  pressure  outside  and  inside  the  globe,  K. 

(A  V  Pettenkofer  has  invented  the  most  complete  apparatus  (fig.  146).  It  consists  of  a 
chamber  Z  with  metallic  walls,  and  provided  with  a  door  and  a  window.  At  a  is  an  opening 
for  the  adm'ission  of  air,  while  a  large  double  suction-pump,  PPi  (driven  by  means  of  a  steam- 
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engine)  continually  renews  the  air  within  the  chamber.  The  air  passes  into  a  vessel  h,  filled 
S  puS-stone^saturafced  with  sulphuric  acid,  in  which  it  is  dried  ;  it  then  V^^^^l  f^^^^f^ 
\&vs&  qas-mctcr,  c,  wliich  measures  the  total  amount  of  the  air  passing  through  t.  Attei  tlie  an 
is  measured,  it  is  emptied  outwards  by  means  of  the  pump,  PPj.  From  the  chief  exit  tube,  x, 
of  the  chamber  provided  with  a  small  manometer,  q,  a  narrow  laterally  placed  tube,  n  passes 
conducting  a  small  secondary  stream,  which  is  chemically  investigated.  This  current  passes 
through  the  siirtmi-apparatus,  MMj  (constructed  on  the  principle  of  Miiller  s  mercurial  valve, 
and  tfriven  by  a  steam-engine).  Before  reaching  this  apparatus,  the  air  passes  through  tne 
bulb  K  filled  with  sulphuric  acid,  whose  increase  in  weight  indicates  the  amount  ot  watenj 
vapour.  After  passing  through  MMj,  it  goes  through  the  tube,  R,  filled  with  baryta  solution, 
which  takes  up  CO2.    The  ciuantity  of  air  which  passes  through  the  accessory  current,  n,  is 


Fig.  146. 

Respiration  apparatus  of  v.  Pettenkofer.  Z,  chamber  for  person  experimented  on  ;  x,  exit 
tube  with  manometer,  q  ;  b,  vessel  with  sulphuric  acid ;  C,  gas-meter  ;  PPj,  pump ;  n 
secondary  current,  with,  k,  bulb ;  MMj,  suction  apparatus  ;  m,  gas-meter  ;  N,  stream  for 
investigating  air  before  it  enters  Z. 

measured  by  the  s7naJ?'  gas-meter,  ic,  from  which  it  passes  outwards.  The  second  accessory 
stream,  N,  enables  us  to  investigate  the  air  before  it  enters  the  chamber,  and  it  is  arranged  in 
exactly  the  same  way  as  n.  The  increase  of  CO,  and  H2O  in  the  accessory  stream,  n  (i.e.,  more 
than  in  N),  indicates  the  amount  of  CO..  given  off  by  the  person  in  the  chamber,  Z. 

123.  COMPOSITION  OF  ATMOSPHERIC  AIR.— 1.  Dry  Air  contains  :— 

Gas.  By  Weight.  By  Volume. 

0,   23-015  20-96 

N,   76-985  79-02 

CO2,   ...  0-03-0 -034 

2.  Aqueous  vapour  is  always  present  in  the  air,  but  it  varies  greatly  in  amount, 
and  generally  increases  with  the  increase  of  the  temperature  of  the  air.  We 
distinguish  (a)  the  absolute  moisture,  i.e.,  the  quantity  of  watery  vapour  which  a 
volume  of  air  contains  in  the  form  of  vapour ;  and  (6)  the  relative  moisture,  i.e., 
the  amount  of  watery  vapour  which  a  volume  of  air  contains  with  respect  to  its 
temperature. 

Experience  shows  that  people  generally  can  breathe  most  comfortably  in  an  atmosphere  which 
not  completely  saturated  with  aqueous  vapour  according  to  its  temperature,  but  is  only 
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saturated  to  the  extent  of  70  per  cent.  If  the  air  be  too  dry,  it  irritates  the  respiratory  mucous 
membrane  ;  if  too  moist,  there  is  a  disagreeable  sensation,  and  if  it  be  too  warm,  a  feeling  of 
closeness.  Hence,  it  is  important  to  see  that  the  proper  amount  of  watery  vapour  is  present  in 
the  air  of  our  sitting-rooms,  bedrooms,  and  hospital  wards. 

The  absolute  amount  of  moisture  varies : — In  towns  during  the  day  it  increases  with 
increase  of  temperature,  and  diminishes  when  the  temperature  falls  ;  it  also  varies  with  the 
direction  of  the  wind,  season  of  the  year,  and  the  height  above  sea-level. 

The  relative  amount  of  moisture  is  greatest  at  sunrise,  least  at  midday  ;  small  on  high 
mountains  ;  greater  in  winter  than  in  summer  ;  larger  with  a  south  or  a  west  wind  than  with  a 
north  or  an  east  wind. 

The  air  in  midsummer  contains  absolutely  three  times  as  much  watery  vapour  as  in  mid- 
winter, nevertheless  the  air  in  summer  is  relatively  drier  than  the  air  in  winter. 

3.  The  air  expands  by  heat.   Eudberg  found  that  1000  volumes 
of  air,  at  0°,  expanded  to  1365  when  heated  to  100°  C. 

4.  The  density  of  the  air  diminishes  with  increase  of  the  height 
above  the  sea-level. 

124.  COMPOSITION  OF  EXPIRED  AIR.— 1.  The  expired  air 
•contains  more  CO^— in  normal  respiration  = -I'S 8  vols,  per  cent.  (3"3 
to  5*5  per  cent.),  so  that  it  contains  nearly  100  times  more  COg 
than  the  atmospheric  air. 

2.  It  contains  less  0  (4*782  vols,  per  cent,  less)  than  the  atmo- 
spheric air,  i.e.,  it  contains  only  16 "033  vols,  per  cent,  of  O. 

3.  Respiratory  Quotient. — Hence,  during  respiration,  more  O  is 
•taken  into  the  body  from  the  air  than  CO2  is  given  off ;  so  that  the 
volume  of  the  expired  air  is  (xV^°  tV)  smaller  than  the  volume  of 
the  air  inspired,  both  being  calculated  as  dry,  at  the  same  tempera- 
ture, and  at  the  same  barometric  pressure.  The  relation  of  the  O 
absorbed  to  the  COo  given  off  is  4'38  :  4782.  This  is  expressed 
by  the  "  respiratory  quotient " — 

C0„/  4-38_^^^, 


O 


4-78: 


•906 


4.  An  excessively  small  quantity  of  N  is  added  to  the  expired  air 
{Regnmdt  and  Reiset).  Segen  found  that  all  the  N  taken  in  with 
the  food  did  not  reappear  in  the  excreta  (urine  and  faeces),  and  he 
assumed  that  a  small  part  of  it  was  given  olF  by  the  lungs. 

5.  During  ordinary  respiration  the  expired  air  is  saturated  with 
watery  vapour.  It  is  evident,  therefore,  that  when  the  watery 
vapour  in  the  air  varies,  the  lungs  give  off  different  quantities  of 
water  from  the  body.  The  percentage  of  watery  vapour  falls  during 
rapid  respiration  (^Moleschott). 

6.  The  expired  air  is  warmer  (36-3°  C).    It  is  very  near  the  ^i^Ul 
•temperature  of  the  body,  and  although  the  temperature  of  the  sur- 

rounding  atmosphere  be  very  variable,  the  temperature  of  the  expired  air  still 

remains  nearly  the  same. 

Fio-.  147  shows  the  instrument  used  by  Valentin  and  Brunner  to  determine  the  temperature 

of  tlfe  expired  air.    It  consists  of  a  glass  tube,  A,  A,  with  a  mouthpiece,  B,  and  in  it  is  a  fine 

.tliermometer,  C.     The  operator  breathes  through  the  nose  and  expires  slowly  through  the 

mouthpiece  into  the  tube. 

Temperature  of  Temperatnre  of  the 

the  Air.  Expired  Air. 

-6-3°  C,  -f29-8°C. 

+  17-19°  C,  -f  36-2-37°  C. 

+  U°Q:,  -I- 38-5°  C. 

7.  The  diminution  of  the  volume  of  the  expired  air  mentioned  under  (3)  is  far 
■more  than  compensated  by  the  warming  which  the  inspired  air  undergoes  in  the 
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respiratory  passages,  so  that  the  volume  of  the  expired  air  is  one-ninth  greater 

than  the  air  inspired.  •    j     ■      a  a-oa  i 

8.  A  very  small  quantity  of  ammonia  is  found  in  the  expired  air  =  U-U-U'i 
grammes  in  24  hours ;  it  is  probably  derived  from  the  blood. 

9  Small  quantities  of  H  and  CH^  are  expired,  both  being  absorbed  from  the  in- 
testine.   In  herbivora,  Keiset  found  that  30  litres  of  CH4  were  expired  in  24  hours. 

125.  aUANTITY  OF  GASES  EXCHANGED. —As  under  normal  circum- 
stances 'more  O  is  absorbed  than  there  is  COg  given  off  (equal  volumes  of  O  and 
CO.,  contain  equal  quantities  of  O),  a  part  of  the  O  must  be  used  for  other  oxida- 
tion-processes in  the  body.  According  to  the  extent  of  these  latter  processes,  the 
ratio  of  the  O  taken  in  to  the  CO,  given  out — 

/CO,. 

V  o  ' 

The  amount  of  CO^  given  off  may  be  less  than  the  "  mean above  stated.  The 
quantity  of  CO.,  alone  is  not  a  reliable  indication  of  the  entire  exchange  of  gases 
during  respiration  ;  we  must  estimate  simultaneously  the  amount  of  O  absorbed 
and  the  COo  given  off. 


0*906  normally )  must  vary. 


126.  DAILY  GASEOUS 

Income  in  24  hours. 

Oxygen — 

744  grms.  =  516".500  c.cmtr. 


INCOME  AND  EXPENDITURE 


( Vierordt). 


(At  0"  C.  and  mean  barometric  pressure.) 


Expenditure  in  24  hours. 
Carbonic  Acid — 

( Vierordt). 
per  hour  {Scharling). 
.,  {Liebermeistcr). 
,,       .  (Panum). 
,,       .  {Rankc). 

( Valentin). 
( Vierordt). 


900  grms.  =455500  c.cmtr. 
36  grms. 

32-8  to  33-4  grms 
34  grms. 


31 


■£)  to  33  grms. 
Water — 640  grms. 


330 


127.  CONDITIONS  INFLUENCING  THE  GASEOUS  EXCHANGES.— The 

formation  of  CO.,,  in  all  probability,  consists  of  two  distinct  processes.  First,  com- 
pounds containing  COg,  which  are  oxidation-products  of  substances  containing 
carbon,  seem  to  be  formed  in  the  tissues.  The  second  process  consists  in  the  separa- 
tion of  this  COo,  which,  however,  takes  place  without  the  absorption  of  O.  Both 
processes  do  not  always  occur  simultaneously,  and  the  one  process  may  exceed  the 
other  in  extent.    The  formation  of  COg  is  affected  by  : — 

1.  Age. — Until  the  body  is  fully  developed,  the  CO2  given  off  increases,  but  it 
diminishes  as  the  bodily  energies  decay.  Hence,  in  young  persons  the  O  absorbed 
is  relatively  greater  than  the  CO.2  given  off  ;  at  other  periods  both  values  are  pretty 
constant.    Example  : — 


Age— Year.s. 

In  24  Hours. 

CO^  Gram. 

Excreted.  = 

Carbon. 

0  Absorbed  Gram. 

8 
15 
16 
18-20 
20-24 
40-60 
60-80 

443  gram 
766  „ 
950  „ 

1003  ,, 

1074 
889 

810  „ 

.  =  121  Carbon. 

-  209 
=  259 
=  274  „ 
=  293  „ 
=  242  „ 
=  221  „ 

375  grammes. 

652  „ 

809 

854 

914 

757 

689 

xiie  uubuiait  cimuuui,  01  given  on  is  less  m  cnuaren  tiian  in  adults ;  but  if 
the  CO2  given  off  be  calculated  with  reference  to  body-weight,  then,  weight  for 
weight,  a  child  gives  off  twice  as  much  COg  as  an  adult. 

2.  Sex. — Males,  from  the  eighth  year  onward  to  old  age,  give  off  about 


one- 
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third  more  CO.,  than  females.  This  difference  is  more  marked  at  puberty,  when  the 
difference  may  rise  to  one-half.  After  cessation  of  the  menses,  there  is  an  increase, 
and  in  old  age  the  amount  of  C0._,  given  off  diminishes.  Pregnancy  increases 
the  amount,  owing  to  causes  which  are  easily  understood  {Andral  and  Gavarret). 

3.  Constitution. — In  general,  muscular  energetic  persons  use  more  O  and  excrete 
more  CO.,  than  less  active  persons  of  the  same  weight. 

4.  Alternation  of  Day  and  Night— The  CO.,  given  off  is  diminished  about  one- 
fourth  during  sleep,  due  to  the  constant  heat  of  the  surroundings  (bed),  darkness, 
absence  of  muscular  activity,  and  the  non-taking  of  food  (see  5,  6,  7,  9).  0  is  not 
stored  up  during  sleep  (aS'.  Lewin).  After  awaking  in  the  morning,  the  respirations 
are  deeper  and  more  rapid,  while  the  amount  of  CO.,  given  off  is  increased.  It 
decreases  during  the  forenoon,  until  dinner  at  mid-day  "causes  another  increase.  It 
falls  during  the  afternoon,  and  increases  again  after  supper. 

During  hybernation,  when  no  food  is  taken,  and  when  the  respirations  cease,  or  are  greatly 
diminished,  the  resytiratory  exchange  of  gases  is  carried  out  by  dilFusiou  and  the  cardio- 
pneumatic  movements  (§  59).  The  CO.^  given  oil"  falls  to  tlie  0  taken  in  to  :rV.  of  what  they 
are  in  the  waking  condition.  Much  less  CO.^  is  given  oft'  than  0  taken  in,  so  that  the  body- 
weight  may  increase  through  the  excess  of  0. 

5.  Temperature  of  the  Surroundings. — Cold-blooded  animals  become  warmer 
when  the  temperature  of  their  environment  is  raised,  and  they  give  off  more  00^ 
in  this  condition  than  when  they  are  cooler  ;  e.g.,  a  frog  with  the  temperature  of  the 
surroundings  at  39°  C.  excreted  three  times  as  much  CO.,  as  when  the  temperature 
was  6"  C.  Warm-blooded  animals  behave  quite  differently  when  the  tempera- 
ture of  the  surrounding  medium  is  changed.  When  the  temperature  of  the  animal 
is  lowered  thereby,  there  is  a  considerable  decrease  in  the  amount  of  CO.^  given  off,  as 
in  cold-blooded  animals,  but  if  the  temperature  of  the  animal  be  increased  (and  also 
in  fever),  the  CO.,  is  increased  (C  Lxidvng  and  Sander s-Ezn).  Exactly  the  reverse 
obtains  when  the  temperature  of  the  surroundings  varies,  and  the  bodily  tempera- 
ture remains  constant.  As  the  cold  of  the  surrounding  medium  increases,  the  pro- 
cesses of  oxidation  within  the  body  are  increased  through  some  as  yet  unknown 
reflex  mechanism  ;  the  number  and  depth  of  the  respirations  increase,  whereby 
more  O  is  taken  in  and  more  CO.,  is  given  out.  A  man  in  January  uses  32 '2 
grammes  O  per  hour;  in  July  only  31-7  grammes.  In  animals,  with  the  tempera- 
ture of  the  surroundings  at  8"  C,  the  CO,  given  off  was  one-third  greater  than 
with  a  temperature  of  38°  C.  When  the  temperature  of  the  air  increases — the 
body  temperature  remaining  the  same — the  respiratory  activity  and  the  CO.,  given 
off  diminish,  while  the  pulse  remains  nearly  constant.  On  passing  suddenly  from 
a  cold  to  a  warm  medium  the  amount  of  CO2  is  considerably  diminished  ;  and  con- 
versely, on  passing  from  a  warm  to  a  cold  medium,  the  amount  is  considerably  in- 
creased (§  214). 

6.  Muscular  exercise  causes  a  considerable  increase  in  the  COo  given  out,  which 
may  be  three  times  greater  during  walking  than  during  rest  {Ed.  Smith).  Ludwig 
and  Sczelkow  estimated  the  O  taken  in  and  the  CO2  given  off  by  a  rabbit  during  rest, 
and  when  the  muscles  of  the  hind  limbs  were  tetanised.  During  tetanus  the  O  and 
CO.,  were  increased  considerably,  but  in  tetanised  animals  more  O  was  given  off  in 
the  CO.,  expired  than  was  taken  up  simultaneously  during  respiration.  The  passive 
animal  absorbed  nearly  twice  as  much  O  as  the  amount  of  CO2  given  off'  (§  294). 

7.  Taking  of  food  causes  a  not  inconsiderable  increase  in  the  CO2  given  off, 
which  depends  upon  the  quantity  taken;  the  increase  generally  occurs  about  an  hour 
after  the  chief  meal — dinner.  During  inanition,  the  exchange  of  gases  diminishes 
considerably  until  death  occurs.  At  first  the  CO2  given  off  diminishes  more 
quickly  than  the  0  is  taken  up.  The  quality  of  the  food  influences  the  COo  given 
off"  to  this  extent,  that  substances  rich  in  carbon  (carbohydrates  and  fats)  cause 
a  greater  excretion  of  CO.,  than  substances  which  contain  less  C  (albumins). 


igo 
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Kegnault  and  Reiset  found  that  a  dog  gave  off  79  per  cent,  of  the  O  inspired  after 
a  flesh  diet,  and  91  per  cent,  after  a  diet  of  starch.  If  easily  oxidisable  substances 
(glycerin  or  lactate  of  soda)  are  injected  into  the  blood,  the  O  taken  in,  and  the 
CO.,  given  off,  undergo  a  considerable  increase  {Ludwig  and  Scheremetjeivsl-y). 
Alcohols,  tea,  and  ethereal  oils  diminish  the  COg  (Front,  Vierordt).  [Ed.  Smith 
divided  foods,  with  reference  to  the  excretion  of  CO^,  into  two  classes.  The  respira- 
tory excitants  include  nitrogenous  foods,  rum,  beer,  sugar,  stout,  &c. ;  the  non- 
exciters  starch,  fat,  some  alcoholic  mixtures.  The  most  powerful  respiratory 
excitants,  however,  are  tea,  sugar,  coffee,  and  rum,  and  the  maximum  effect  is 
usually  experienced  within  an  hour.  He  also  found  that  the  effects  produced  by 
alcoholic  drinks  varied  with  the  nature  of  the  spirituous  liquor.  Thus  brandy, 
whisky,  and  gin  diminish  the  amount ;  while  pure  alcohol,  rum,  ale,  and  porter 
tend  to  increase  it.] 

8.  The  number  and  depth  of  the  respirations  have  practically  no  influence  on  the 
formation  of  CO.,  or  the  oxidation-processes  within  the  body,  these  being  regulated 
by  the  tissues  themselves,  by  some  mechanism  as  yet  unknown  (Fjiiiger).  They 
have  a  marked  effect,  however,  upon  the  removal  of  the  already  formed  CO.2  from 
the  body.  An  increase  in  the  number  of  respirations  (their  depth  remaining  the 
same),  as  well  as  an  increase  of  their  dejdk  (the  number  remaining  the  same),  causes 
an  absolute  increase  in  the  amount  of  COg  given  off,  which,  with  reference  to  the 
total  amount  of  gases  exchanged,  is  relatively/  diminished.  The  following  example 
from  Vierordt  illustrates  this: — 


No.  of  Resps. 

Volume  of 

Amount  of 

per  cent. 

Depth  of 

Amount  of 

per  cent. 

per  Minute. 

Air. 

CO2. 

CO.,. 

Resps. 

CO2.  - 

COo. 

12 

6000 

258  c.cmtr. 

=  4-3  7o 

500 

21  C.cmtr. 

=  4-3  % 

24 

12000 

420  „ 

=  3-5  „ 

1000 

36 

=  3-6  „ 

48 

24000 

744  „ 

=  3-1  „ 

1500 

51  „ 

=  3-4  „ 

96 

48000 

1392 

=  2-9  „ 

2000 

64  „ 

=  3-2  „ 

3000 

72  „ 

=  1-4  „ 

9.  Exposure  to  a  bright  light  causes  an  increase  in  the  CO.,  given  off  in  frogs, 
in  mammals  and  birds,  even  in  frogs  deprived  of  their  lungs,  or  in  those  whose 
spinal  cord  has  been  divided  high  up.  The  consumption  of  O  is  increased  at  the 
same  time.  The  same  results  occur  in  blind  persons,  although  to  a  less  degree. 
Bluish-violet  light  is  almost  as  active  as  white  light,  while  red  light  is  less  active. 

10.  The  experiments  of  Grehant,  on  dogs,  seem  to  show  that  intense  inflammation  of  the 
bronchial  mucous  membrane  influences  the  CO2  given  olf. 

11.  Amongst  poisons,  thebaia  increases  the  COo  given  off,  while  morphia,  codeia,  uarceiu,. 
narcotiu,  papaverin,  diminish  it  {Fiibini). 

128.  DIFFUSION  OF  GASES  WITHIN  THE  LUNGS.  The  air  within  the  air- 
vesicles  contains  most  CO.2  and  least  O,  and  as  we  pass  from  the  small  to  the  laro^e 
bronchi  and  onwards  to  the  trachea,  the  composition  of  the  air  gradually  approaches 
more  closely  to  that  of  the  atmosphere.  Hence,  if  the  air  expired  be  collected  in  two 
portions,  the  first  half  (i.e.,  the  air  from  the  larger  air-passages)  contains  less  CO.,  (3-7 
vols,  per  cent.)  than  the  second  half  (5*4  vols,  per  cent.).  The  difference  in  the  per- 
centage of  gases  gives  rise  to  a  diffusion  of  the  gases  within  the  air-passages ;  the 
CO.2  "^^^st  diftise  from  the  air-vesicles  outwards,  and  the  O  from  the  atmosphere 
and  nostrils  inwards  (§  33).  This  movement  is  aided  by  the  cardio-pneumatic 
movement  (§  .59).  In  hybernating  animals  and  in  persons  ajiparently  but  not 
actually  dead,  the  exchange  of  gases  within  the  lungs  can  only  occur  in  the  above- 
mentioned  ways.  For  ordinary  purposes  this  mechanism  is  insufficient,  and  there 
are  added  the  respiratory  movements  whereby  atmospheric  air  is  introduced  into 
the  larger  air-passages,  from  which  and  into  which  the  diffusion  currents  of  O  and 
CO.2  V^^^i      account  of  the  difference  of  tension  of  the  gases. 
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129.  EXCHANGE  OF  GASES  IN  THE  AIR- VESICLES.  -The  exchange  of 
gases  between  the  gases  of  the  blood  and  those  in  the  air-vesicles  occurs  almost 
exclusively  through  the  agency  of  chemical  processes,  and  therefore  independently 
of  the  diffusion  of  gases. 

Method.— It  is  important  to  ascertain  the  tension  of  the  0  and  CO.,  in  the  venous  blood  of 
the  pulmonary  capillaries.  Pfliiger  and  Wolf  berg  estimated  the  tension  by  "  catheterising  the 
lungs.  An  elastic  catheter  was  introduced  through  an  opening  in  the  trachea  of  a  dog  into 
the  bronchus  leading  to  the  lowest  lobe  of  the  left  lung.  An  elastic  sac  was  placed  round  the 
catheter  and  when  the  latter  was  introduced  into  the  bronchus,  the  sac  around  the  catheter  was 
distended  so  as  to  plug  the  bronchus.  No  air  could  escape  between  the  catheter  and  the  wall  of 
the  bronchus.  The  outer  end  of  the  catheter  was  closed  at  first,  and  the  dog  was  allowed  to 
respire  quietly.  After  four  minutes  the  air  in  the  air-vesicles  was  completely  in  equilibrium 
with  the  blood-gases.  The  air  of  the  lung  was  sucked  out  of  the  catheter  by  means  of  an  air- 
pump,  and  afterwards  analysed. 

Thus  we  may  measure  indirectly  the  tension  of  the  O  and  CO.^  in  the  venous 
blood  of  the  pulmonary  capillaries.  The  direct  estimation  of  the  gases  in  different 
kinds  of  blood  is  made  by  shaking  up  the  blood  with  another  gas.  The  gases  so 
removed  indicate  directly  the  proportion  of  blood-gases. 

The  following  statement  shows  the  tension  and  percentage  of  O  and  COg  in 
arterial  and  venous  blood,  in  the  atmosphere,  and  in  the  air  of  the  alveoli : — 
I. 

0-Tension  in  arterial  blood  =  29  "6  mm.  Hg 
(corresponding  to  a  mixture  containing  3*9 
vol.  per  cent,  of  0). 


II. 

C0.2-Tension  in  arterial  blood  =  21  mm,  Hg 
(corresponding  to  2  '8  vol.  per  cent. ). 

III. 

0-Tension  in  venous  blood  =  22  mm.  Hg 
(corresponding  to  2 "9  vol.  per  cent.). 

IV. 

COo-Tension  in  venous  blood  =  41  mm.  H 
(corresponding  to  5 '4  vol.  per  cent. ). 


V. 

0-Tension  in  the  air  of  the  alveoli  of  the 
catheterised  lung  =  27  "44    mm.  Hg  (cor- 
responding to  3*6  vol.  per  cent.). 
VI. 

COo-Tensiou  in  the  air  of  the  alveoli  of  the 
catheterised  lung  =-27  mm.  Hg  (correspond- 
ing to  3 "56  vol.  per  cent.). 

VII. 

0-Tension  in  the  atmosphere  =  158  mm.  Hg 
(corresponding  to  20 "8  vol.  per  cent). 
VIII. 

COo-Tension  in  the  atmosphere  =  0  "38  mm. 
Hg  (corresponding  to  0 '03-0 '05  vol.  per 
cent.). 


When  we  compare  the  tension  of  the  O  in  the  air  (VII.  =  158  mm.  Hg)  with 
the  tension  of  the  O  in  venous  blood  (III.  =22  mm.  Hg,  or  V.  =  27*44  mm.  Hg), 
we  might  be  inclined  to  assume  that  the  passage  of  the  O  from  the  air  of  the  air- 
vesicles  into  the  blood  was  due  solely  to  diffusion  of  the  gases  ;  and  similarly,  we 
might  assume  that  the  CO^  of  the  venous  blood  (IV.  or  VI.)  diffused  into  the  air- 
vesicles,  because  the  tension  of  the  CO.,  in  the  air  is  much  less  (VIII.).  There  are 
a  number  of  facts,  however,  which  prove  that  the  exchange  of  the  gases  in  the  lungs 
is  chiefly  due  to  chemical  forces. 

[V.  Fleischl  finds  that  fluids  yield  up  their  gases  very  much  more  easily  when  they  receive  a 
shock,  and  he  regards  the  shock  communicated  to  the  blood,  by  the  contraction  of  the  heart,  as 
an  important  factor  in  preparing  the  blood  for  the  diffusion  of  CO^  from  the  blood-plasma 
into  the  lungs.] 

[Changes  produced  in  the  Blood  by  Respiration. — The  blood  of  the  pul- 
monary artery  is  changed  from  venous  into  arterial  blood  (i^  39),  the  most  obvious 
alterations  being  (1)  the  change  in  colour  from  dark  crimson  to  bright  scarlet.  (2) 
It  loses  CO.,.  (3)  It  gains  O.  (4)  The  reduced  Hb  of  the  venous  blood  is  con- 
verted into  HbO.^.  (5)  As  to  a  supposed  difference  of  temperature,  see  §  209,  3. 
(6)  Pawlow  finds  that  blood  which  passes  several  times  through  the  lungs  loses  its 
power  of  coagulation.  Are  we  to  assume  that  the  pulmonary  tissues  have  the 
property  of  destroying  the  librin-ferment '?] 

1.  Absorption  of  0. — Concerning  the  absorption  of  Ofrom  the  air  in  the  alveoli 
into  the  venous  blood  of  the  lung-capillaries,  whereby  the  blood  is  arterialised,  it  is 
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proved  that  this  is  a  chemical  process.  The  gas-free  (reduced)  hamoglobia  takes 
up  0  to  form  oxyhiemoglobin  15,  1).  That  this  absorption  has  nothing  to  do 
directly  with  the  diffusion  of  gases,  but  is  due  to  a  chemical  combination  of  the 
atomic  compounds,  is  shown  by  the  fact  that,  when  pure  O  is  respired,  the  blood  does 
not  take  up  more  O  than  when  atmospheric  air  is  respired  ;  further,  that  animals 
made  to  breathe  in  a  limited  closed  space  can  absorb  almost  all  the  O — even  to 
traces — into  their  blood  before  suffocation  occurs.  Of  course,  if  the  absorption  of 
O  were  due  to  diffusion,  in  the  former  case  more  O  would  be  absorbed,  while  in  the 
latter  case  the  absorption  of  0  could  not  possibly  occur  to  such  an  extent  as  it  does. 
The  law  of  diffusion  comes  into  play  in  connection  with  the  absorption  of  O  to  this 
extent,  viz.,  that  the  O  diffuses  from  the  air-cells  of  the  lung  into  the  blood-plasma, 
where  it  reaches  the  blood-corpuscles  floating  in  the  plasma.  The  hsemoglobin  of  the 
blood-corpuscles  forms  at  once  a  chemical  compound  (oxyhaBmoglobin)  with  the  O. 

Even  in  very  rarefied  air,  such  as  is  met  with  in  the  upper  rei^ions  of  the  atmosphere  during 
a  balloon  ascent,  the  absorption  of  0  still  remains  independent  of  the  partial  pressure.  But  a 
much  longer  time  is  required  for  this  process  at  the  ordinary  temperature  of  the  body,  so  that 
in  rarehed  air,  the  absorption  of  0  is  greatly  delayed,  but  it  is  not  diminished.  This  is  the 
cause  of  death  in  aeronauts  who  have  ascended  so  high  that  the  atmospheric  pressure  is  dimin- 
ished to  one-third  (Sdschenow). 

2.  Excretion  of  CO.,. — With  regard  to  the  excretion  of  CO,  from  the  blood,  we 
must  remember  that  the  COg  in  the  blood  exists  in  two  conditions.  Part  of  the 
CO9  forms  a  loose  or  feeble  chemical  compound,  while  another  portion  is  more 
firmly  combined.  The  former  is  obtained  by  those  means  which  remove  gases  from 
fluids  containing  them  in  a  state  of  absorption,  so  that  in  removing  the  CO.2  from 
the  blood  it  is  difficult  to  determine  whether  the  CO^,  so  removed,  obeyed  the  law 
of  diffusion,  or  if  it  was  expelled  by  chemical  means. 

Although  it  is  convenient  to  represent  the  excretion  of  CO.,  from  the  blood  into 
the  air-vesicles  of  the  lung,  as  due  to  equilibration  of  the  tension  of  the  CO2  on 
opposite  sides  of  the  alveolar  membrane,  i.e.,  to  diffusion — nevertheless,  chemical 
processes  play  an  important  part  in  this  act.  The  absorption  of  O  by  the  coloured 
corpuscles  acts,  at  the  same  time,  in  expelling  CO.,.  This  is  proved  by  the  fact 
that  the  expulsion  of  CO,  from  the  blood  takes  place  more  readily  when  O  is 
simultaneously  admitted.  The  free  supply  of  O  not  only  favours  the  removal  of 
the  CO.2,  which  is  loosely  combined,  but  it  also  favours  the  expulsion  of  that  portion 
of  the  COo  which  is  more  firmly  combined,  and  which  can  only  be  expelled  by  the 
addition  of  acids  to  the  blood.  That  the  oxygenated  blood-corpuscles  (i.e.,  their 
oxyhajmoglobin)  are  concerned  in  the  removal  of  CO.^  is  proved  by  the  fact  that 
CO.2  easily  removed  from  serum  which  contains  oxygenated  blood-corpuscles 

than  from  serum  charged  with  O. 

[The  following  scheme  may  serve  to  illustrate  the  extent  to  which  diffusion  comes 
into  play.  The  0  must  jmss  through  the  alveolar  membrane,  AB— including  the 
alveolar  epithelium  and  the  wall  of  the  capillaries— as  well  as  the  blood-plasma,  to 
reach  the  hsemoglobin  of  the  blood-corpuscles.  Similarly,  the  CO^  must  leave  the 
salts  of  the  plasma  with  which  it  is  in  combination,  and  diffuse  "in  the  opposite 
direction,  through  the  wall  of  the  capillaries,  the  alveolar  membrane,  and  epithelium, 
to  reach  the  air-vesicles.  Let  AB  represent  the  alveolar  membrane  ;  on  the  one 
side  of  it  is  represented  the  partial  pressure  of  the  CO.,  and  O  in  the  air-vesicles  ; 
and  on  the  other,  the  partial  pressure  of  the  CO2  and  O  in  the  venous  blood  entering 
the  lung.    The  arrows  indicate  the  direction  of  diffusion.] 

Partial  pressure  of  air  in  I   O 

alveoli  of  lung.  \       27       .  '"'7  •44 

A— -i— 1  : — i^:  ^i_JL¥__B 

Tension  of  gases  in  venous        )   22 

blood  of  lung.  |     CO  q 
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Nature  of  the  Process. — The  exchange  of  gases  between  the  blood  and  the  air 
in  the  lungs  has  been  represented  by  Bonders  as  due  to  the  process  of  dis- 
sociation. 

[Bohr  used  a  modified  rheometer  of  Liuhvig's,  whereby  living  arterial  blood  was  brought  into 
direct  contact  with  a  volume  of  air  containing  a  greater  or  less  percentage  of  CO.j.  Even  when 
the  amount  of  CO..  in  the  air  in  direct  contact  with  the  blood  was  very  small,  it  was  found  that 
very  little  CO.j  diliused  from  the  blood  into  the  air-space,  liohr  therefore  concludes  that  the 
separation  of  CO.j  from  the  venous  blood  in  the  lungs,  and  its  passage  into  the  air-vesicles,  are 
not  explicable  on  the  hypothesis  of  diffusion,  but  we  must  rather  regard  the  CO.,  as  removed 
from  the  blood  by  the  pulmonary  tissue  by  means  of  a  kind  of  secretory  process,  analogous  to 
the  excretion-processes  in  glands.] 

130.  DISSOCIATION  OF  GASES.— Many  gases  form  true  chemical  compounds 
with  other  bodies  (i.e.,  they  combine  according  to  their  equivalents),  when  the  con- 
tact of  these  bodies  is  effected  under  conditions  such  that  the  partial  pressure  of 
the  gases  is  high.  The  chemical  compound  formed  under  these  conditions  is  broken 
up,  whenever  the  partial  pressure  is  diminished,  or  when  it  reaches  a  certain  mini- 
mum level,  which  varies  with  the  nature  of  the  bodies  forming  the  compound. 
Thus,  by  increasing  and  diminishing  the  partial  pressure  alternately,  a  chemical 
compound  of  the  gas  may  be  formed  and  again  broken  up.  This  process  is  called 
dissociation  of  the  gases.  The  minimal  partial  pressure  is  constant  for  each  of 
the  different  substances  and  gases,  but  tem2)erature,  as  in  the  case  of  the  absorption 
of  gases,  has  a  great  effect  on  the  partial  pressure  ;  with  increase  of  temperature 
the  partial  pressure,  under  which  dissociation  occurs,  diminishes. 

As  an  example  of  the  dissociation  of  a  gas,  take  the  case  of  calcium  carbonate.  When  it  is 
heated  in  the  air  to  440°  C,  CO.,  is  given  off  from  its  state  of  chemical  combination,  but  is 
taken  up  again  and  a  chemical  compound  formed,  which  is  changed  into  chalk  when  it  cools. 

Dissociation  in  the  Blood. — The  chemical  combinations  containing  CO.,  and 
those  containing  O  within  the  blood-stream,  viz.,  the  salts  of  the  plasma,  which 
are  combined  with  CO.,,  and  the  oxyhaemoglobin,  behave  in  a  similar  manner.  If 
these  compounds  of  O  and  CO^  are  placed  under  conditions  where  the  partial 
pressure  of  these  gases  is  very  low — i.e.,  in  a  medium  containing  a  very  small 
amount  of  these  gases,  the  compounds  are  dissociated,  i.e.,  they  give  off  CO,  or  O. 
If  after  being  dissociated  they  are  placed  under  conditions  where,  owing  to  the 
large  amount  of  these  gases,  the  partial  pressure  of  O  or  of  CO,  is  high,  these  gases 
are  taken  up  again,  and  enter  into  a  condition  of  chemical  combination. 

The  haemoglobin  of  the  blood  in  the  pulmonary  capillaries  finds  plenty  of  O  in 
the  alveoli ;  hence,  it  unites  with  the  O  owing  to  the  high  partial  pre.ssure  of  the  O 
in  the  lung,  and  so  forms  the  compound  oxyhajmoglobin.  On  its  course  through 
the  capillaries  of  the  systemic  circulation,  the  oxyhaemoglobin  of  the  blood  comes 
into  relation  with  tissues  poor  in  O ;  the  oxyhajmoglobin  is  dissociated,  the  O  is 
supplied  to  the  tissues,  and  the  blood  freed  from  this  O  returns  to  the  right  heart, 
and'  passes  to  the  lungs,  where  it  takes  up  the  new  0. 

The  blood  whilst  circulating  meets  with  most  CO.,  in  the  tissues ;  the  high 
partial  pressure  of  the  CO,  in  the  tissues  causes  the  CO.,  to  unite  with  certain  con- 
stituents in  the  blood  so  as  to  form  chemical  compounds,  which  carry  the  CO2  from 
the  tissues  to  the  lungs.  In  the  air  of  the  lungs,  however,  the  partial  pressure  of 
the  CO.,  is  very  low,  dissociation  of  these  chemical  compounds  occurs  under  the 
low  partial  pressure,  and  the  CO,  passes  into  the  air-cells  of  the  lung,  from  which 
it  is  expelled  during  expiration.  It  is  evident  that  the  giving  up  of  O  from  the 
blood  to  the  tissues,  and  the  absorption  of  COg  from  the  tissues,  go  on  side  by  side 
and  take  place  simultaneously,  while  in  the  lungs  the  reverse  processes  occur  almost 
simultaneously. 

131-  CUTANEOUS  EESPIRATION.— Methods.— If  a  man  or  an  animal  be  jilaced  in  the 
chamber  of  the  respiratory  apparatus  (§  122),  and  if  tubes  be  so  arranged  that  the  respiratory  gases 
do  not  enter  the  chamber,  of  course  we  obtain  only  the  " 2}<:'>'spiration "  of  the  skin  in  the 
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chamber  It  is  less  satisfactory  to  leave  tlie  head  of  the  person  outside  the  chamber,  while  the 
neck  is  fixed  air-tight  in  tlic  wall  of  the  chamber.  The  extent  of  the  cutaneous  respiration  ot  a 
limb  may  be  ascertained  by  enclosing  it  in  an  air-tight  vessel  {Rohrig)  similar  to  that  used  lor 
the  arm  in  the  plethysmograph  (§  101). 

Loss  by  Skin.— A  healthy  man  loses  by  the  skin,  in  24  hours,  of  bis  body- 
weight,  which  is  greater  than  the  loss  by  the  lungs,  in  the  ratio  of  3  :  2.  Only  10 
grammes — 150  grains, — or  it  maybe  3-9  grammes  60  grains, — of  the  entire  loss  are 
due  to  the  CO.,  given  off  by  the  skin.  The  remainder  of  the  excretion  from  the 
skin  is  due  to  water  [1^-2  lb  daily]  containing  a  few  salts  in  solution.  When  the 
surrounding  temperature  is  raised,  the  CO2  is  increased,  in  fact  it  may  be  doubled  ; 
violent  muscular  exercise  has  the  same  effect. 

0  Absorbed.— The  O  taken  up  by  the  skin  is  either  equal  to,  or  slightly  less 
than,  the  CO2  given  off.  As  the  CO2  excreted  by  the  skin  is  only  ^  of  that  ex- 
creted by  the  lungs,  while  the  O  taken  in  =  of  that  taken  in  by  the  lungs,  it 
is  evident  that  the  respiratory  activity  of  the  skin  is  very  slight.  Animals  whose 
skin  has  been  covered  by  an  impermeable  varnish  die,  not  from  suffocation,  but 
from  other  causes  (§  225). 

In  animals  with  a  thin  moist  epidermis  (frog)  the  exchange  of  gases  is  much  greater,  and  in 
them  the  skin  so  far  supports  the  lungs  in  their  function,  and  may  even  partly  replace  them 
functionally.  In  mammals  with  thick  dry  cutaneous  appendages,  the  exchange  of  gases  is, 
again,  much  less  than  in  man. 

132.  INTERNAL  RESPIRATION.— Where  CO.3  is  formed.- By  the  term 
"  internal  respiration  "  is  understood  the  exchange  of  gases  between  the  capillaries 
of  the  systemic  circulation  and  the  tissues  of  the  organs  of  the  body.    As  organic 
constituents  of  the  tissues,  during  their  activity,  undergo  gradual  oxidation,  and 
form,  amongst  other  products,  CO.j',  we  may  assume — (1)  that  the  chief  focus  for 
the  absorption  of  O  and  the  formation  of  CO2  is  to  be  sought  for  within  the 
tissues  themselves.    That  the  O  from  the  blood  in  the  capillaries  rapidly  penetrates 
or  diffuses  into  the  tissues,  is  shown  by  the  fact  that  the  blood  in  the  capillaries 
rapidly  loses  O  and  gains  COg,  while  blood  containing  O,  and  kept  warm  out- 
side the  body,  changes  very  slowly  and  incompletely.    If  portions  of  fresh  tissues 
be  placed  in  defibrinated  blood  containing  O,  then  the  O  rapidly  disappears. 
Frogs  deprived  of  their  blood  exhibit  an  exchange  of  gases  almost  as  great  as 
normal.    This  shows  that  the  exchange  of  gases  must  take  place  in  the  tissues 
themselves.    If  the  chief  oxidations  took  place  in  the  blood  and  not  in  the  tissues, 
then,  during  suffocation,  when  O  is  excluded,  the  substances  which  use  up  O,  i.e., 
those  substances  which  act  as  reducing  agents,  ought  to  accumulate  in  the  blood. 
But  this  is  not  the  case,  for  the  blood  of  asphyxiated  animals  contains  mere  traces 
of  reducing  materials  {Pfliiger).    It  is  difficult  to  say  how  the  O  is  absorbed  by  the 
tissues,  and  what  becomes  of  it  immediately  it  comes  in  contact  with  the  living 
elements  of  the  tissues.    Perhaps  it  is  temporarily  stored  up,  or  it  may  form  certain 
intermediate  less  oxidised  compounds.    This  may  be  followed  by  a  period  of  rapid 
formation  and  excretion  of  CO^.    On  this  supjiosition,  it  is  evident  that  the  absorp- 
tion of  O  and  the  excretion  of  CO2  need  not  occur  to  the  same  extent,  so  that  the 
amount  of  CO2  given  off  at  any  period  is  not  necessarily  an  index  of  the  amount  of 
O  absorbed  during  the  same  period  (§  127). 

[There  are  two  views  as  to  where  the  CO2  is  formed  as  the  blood  passes  through 
the  tissues.  One  view  is  that  the  seat  of  oxidation  is  in  the  blood  itself,  and  the 
other  is  that  it  is  formed  in  the  tissues.  If  we  knew  the  tension  of  the  gases  in 
the  tissues,  the  problem  would  be  easily  solved,  but  we  can  only  arrive  at  a  know- 
ledge of  this  subject  indirectly,  in  the  following  ways] : — 

CO.,  in  Cavities.— That  the  COo  is  formed  in  the  tissues,  is  supported  by  the  fact  that  the 
amount  of  CO.,  ui  the  fluids  of  the  cavities  of  the  body  is  greater  than  the  CO.,  in  the  blood  of 
the  capillaries.    The  tension  of  COg  in — 
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Mm.  Mm. 

Arterial  blood,     .       .        12-28  Hg  tension.  Bile,     ....        50-0  Hg  tension, 

l  entoneal  cavity,        .        58-5    ,,       „  Hydrocele  fluid,     .       .        46-5  „ 
Acid  urine,         .       .        68-0     ,,       ,,  {Pfliiger  and  Strassbtcnf). 

The  large  amount  of  C0»  in  these  fluids  can  only  arise  from  the  CO.^  of  the  tissues  passing  into 
them. 

Gases  of  Lymph.— In  the  lymph  of  the  ductus  thoracicus  the  tension  of  C02  =  33-4  to  37-2 

mm.  Hg,  which  is  greater  than  in  arterial  blood,  but  considerably  less  than  in  venous  blood 
(41-0  mm.  Hg).  [Ludwig  and  Hammarstcn,  Tschirjew.]  This  does  not  entitle  us  to  conclude 
tliat  in  the  tissues  from  which  the  lymph  comes  only  a  small  quantity  of  CO._j  is  formed,  but 
rather  that  in  the  lymph  there  is  less  attraction  for  the  CO.,  formed  in  the  tissues  tlian  in  the 
blood  of  the  capillaries,  where  chemical  forces  are  active  in  causing  it  to  combine,  or  that  in  the 
coui-se  of  the  long  lymph-current,  the  CO.,  is  partly  given  back  to  the  tissue.s,  or  that  COj  is 
formed  in  the  blood  itself  Further,  the  muscles,  which  are  by  far  the  largest  producers  of  CO.,, 
contain  few  lymphatics,  nevertheless  they  supply  much  CO.,  to  the  blood.  The  amount  of  free 
''non-fixed"  CO.,  contained  in  the  juices  and  tissues  indicates  that  the  CO^  passes  from  the 
tissues  into  the  blood  ;  still,  Preyer  believes  that  in  venous  blood  CO3  undergoes  chemical  com- 
bination. The  exchange  of  0  and  CO.^  varies  much  in  the  diiierent 'tissues.  The  muscles  are 
the  most  important  organs,  for  in  their  active  condition  they  excrete  a  large  amount  of  CO.,, 
and  use  up  much  0.  The  0  is  so  rapidly  used  up  by  them  that  no  free  0  can  be  pumped  out 
of  muscular  tissue  (i.  Hciinann).  The  exchange  of  gases  is  more  vigorous  during  the  activity 
of  the  tissues.  Nor  are  the  salivary  glands,  kidneys,  and  pancreas  any  exception,  for  although, 
when  these  organs  are  actively  secreting,  the  blood  flows  out  of  the  dilated  veins  in  a  bright  red 
stream,  still  the  relative  diminution  of  COg  is  more  than  compensated  by  the  increased  volume 
of  blood  which  pa.sses  through  these  organs. 

Keductions  by  the  Tissues. — The  researches  of  Ehrlich  have  shown  that  in  most  tissues  very 
energetic  reductions  take  place.  If  colouring-matters,  such  as  alizarin  blue,  indophenol  blue, 
•or  methyl  blue,  be  introduced  into  the  blood-stream,  the  tissues  are  coloured  by  them.  Those 
tissues  or  organs  which  have  a  particular  affinity  for  0  {e.g.,  liver,  cortex  of  the  kidney,  and 
lungs),  absorb  0  from  the.se  pigments,  and  render  them  colourless.  The  pancreas  and  sub- 
maxillary gland  scarcely  reduce  them  at  all. 

(2)  In  the  blood  itself,  as  in  all  tissues,  O  is  used  up  and  CO2  is  formed. 
This  is  proved  by  the  following  facts  : — That  blood  withdraw^n  from  the  body 
becomes  poorer  in  0  and  richer  in  CO., ;  that  in  the  blood  of  asphyxia,  free  from 
O,  and  in  the  blood-corpuscles,  there  are  slight  traces  of  reducing  agents,  which 
become  oxidised  on  the  addition  of  O.  Still,  this  process  is  comparatively  insigni- 
ficant as  against  that  which  occurs  in  all  the  other  tissues.  That  the  walls  of  the 
vessels — more  especially  the  muscular  fibres  in  the  walls  of  the  small  arteries — use 
O  and  produce  COg  is  unquestionable,  although  the  exchange  is  so  slight  that  the 
blood  in  its  whole  arterial  course  undergoes  no  visible  change. 

Ludwig  and  his  pupils  have  proved  that  COg  is  actually  formed  in  the  blood.  If  the  easily 
oxidisable  lactate  of  soda  be  mixed  with  blood,  and  this  blood  be  caused  to  circulate  in  an 
excised  but  still  living  organ,  such  as  a  lung  or  kidney,  more  0  is  used  up  and  more  COg  is 
formed  than  in  unmixed  blood  similarly  transfused. 

(3)  That  the  tissues  of  the  living  lungs  use  0  and  give  off  CO2  is  probable. 
When  C.  Ludwig  and  Miiller  passed  arterial  blood  through  the  blood-vessels  of  a 
lung  deprived  of  air,  the  O  was  diminished  and  the  CO^  increased.  As  the  total 
amount  of  CO2  and  O  found  in  the  entire  blood,  at  any  one  time,  is  only  4 
grammes,  and  as  the  daily  excretion  of  CO^  =  900  grammes,  and  the  O  absorbed 
daily  =  744  grammes,  it  is  clear  that  exchange  of  gases  must  go  on  with  great 
rapidity,  that  the  O  absorbed  must  be  used  quickly,  and  the  CO2  must  be  rapidly 
excreted. 

Still,  it  is  a  striking  fact  that  oxidation-processes  of  such  magnitude,  as  e.g.,  the  union  of  C 
to  form  CO2,  occur  at  the  relatively  low  temperature  of  the  blood  and  the  tissues.  It  has  been 
surmised  tliat  tlie  blood  acts  as  an  ozone  producer,  and  transfers  this  active  form  of  0  to  the 
tissues.  Liebig  showed  that  the  alkaline  reaction  of  most  of  the  juices  and  tissues  favours  the 
processes  of  oxidation.  Numerous  organic  subs^-ances,  which  are  not  altered  by  0  alone, 
become  rapidly  oxidised  in  the  presence  of  free  alkalies,  e.g.,  gallic  acid,  pyrogallic  acid,  and 
sugar  ;  while  many  organic  acids,  which  are  unaffected  by  ozone  alone,  arc  changed  into 
carbonates  when  in  the  form  of  alkaline  salts  [Gorup-Besanez)  :  and,  in  the  same  way,  when 
hey  are  introduced  into  the  body  in  the  form  of  acids,  they  are  partly  or  wholly  excreted  in 


196 


EESriEATION  IN  A  IJMITED  SPACE. 


the  urine,  but  when  they  are  administered  as  alkaline  compounds  thej'  are  changed  into 
carbonates.  .... 

133.  RESPIRATION  IN  A  LIMITED  SPACE.— Eespiration  in  a  limited 
space  causes — (1)  a  gradual  diminution  of  O ;  (2)  a  simultaneous  increase  of  COg  ; 
(3)  a  diminution  in  the  volume  of  the  gases.  If  the  space  be  of  moderate  dimen- 
sions, the  animal  uses  up  almost  all  the  O  contained  therein,  and  dies  ultimately 
from  spasms  caused  by  the  asphyxia.  The  0  is  absorbed,  therefore — independently 
of  the  laws  of  absorption — by  chemical  means.  The  O  in  the  blood  is  almost  com- 
pletely used  up  (§  129).  In  a  larger  space,  the  CO^  acc^^mulates  rapidly,  before 
the  diminution  of  O  is  such  as  to  affect  the  life  of  the  animal.  As  COg  can  only 
be  excreted  from  the  blood  when  the  tension  of  the  CO2  in  the  blood  is  greater 
than  the  tension  of  CO^  in  the  air,  as  soon  as  the  CO^  in  the  surrounding  air  in 
the  closed  space  becomes  the  same  as  in  the  blood,  the  CO2  will  be  retained  in  the 
blood,  and  finally  CO^  may  pass  back  into  the  body.  This  occurs  in  a  large  closed 
space,  when  the  amount  of  O  is  still  sufficient  to  support  life,  so  that  death  occurs 
under  these  circumstances  (in  rabbits)  through  poisoning  with  CO^  causing 
diminished  excitability,  loss  of  consciousness,  and  lowering  of  temperature,  but  no 
spasms  ( Worm  Miiller).  In  pure  0  animals  breathe  in  a  normal  way  ;  the  quantity 
of  O  absorbed  and  the  CO.,  excreted  is  quite  independent  of  the  jjercentage  of  O, 
so  that  the  former  occurs  through  chemical  agency  independent  of  pressure.  In 
limited  spaces  filled  with  O,  animals  died  by  absorption  of  the  COo  excreted. 
Worm  Miiller  found  that  rabbits  died  after  absorbing  CO2  equal  to  half  the  volume 
of  their  body,  although  the  air  still  contained  50  per  cent.  0.  Animals  can 
breathe  quite  quietly  a  mixture  of  air  containing  14 '8  per  cent.  (20  "9  per  cent, 
normal) ;  with  7  per  cent,  they  breathe  with  difficulty  ;  with  4*5  per  cent,  there  is 
marked  dyspnoia  ;  with  3  per  cent.  O  there  is  tolerably  rapid  asphyxia.  The  air 
expired  by  man  normally  contains  14  to  18  per  cent.  O.  According  to  Hempner, 
mammals  placed  in  a  mixture  of  gases  poor  in  O  use  slightly  less  O. 

Dyspnea  occurs  when  the  respired  air  is  deficient  in  0,  as  well  as  when  it  is  overcharged 
with  COo,  but  the  dyspnoea  in  the  former  case  is  prolonged  and  severe  ;  in  the'  latter,  the 
respiratory  activity  soon  ceases.  The  want  of  0  causes  a  greater  and  more  prolonged  increase 
of  the  blood-pressure  than  is  caused  hy  excess  of  CO^.  Lastly,  the  consumption  of  O  in  the 
body  is  less  affected  when  the  0  in  the  air  is  diminished  than  when  there  is  excess  of  COo.  If 
air  containing  a  diminished  amount  of  0  be  respired,  death  is  preceded  by  violent  phenomena 
of  excitement  and  spasms,  which  are  absent  in  cases  of  death  caused  by  breathing  air  over- 
charged with  CO.,.  In  poisoning  with  CO^,  the  excretion  of  CO.,  is  greatly  diminished,  while 
with  diminution  of  0  it  is  almost  unchanged. 

If  animals  be  supplied  with  a  mixture  of  gases  similar  to  the  atmosphere,  in 
which  N  is  replaced  by  H,  they  breathe  quite  normally  {Lavoisier  and  Seguin)  ; 
the  H  undergoes  no  great  change. 

CI.  Bernard  found  that,  when  an  animal  breathed  in  a  limited  space,  it  became  partially 
accustomed  to  the  condition.  On  placing  a  bird  under  a  bell-jar,  it  lived  several  hours  ;  but 
if  several  hours  before  its  death,  another  bird  fresh  from  the  outer  air  were  placed  under  the 
same  bell-jar,  the  second  bird  died  at  once,  with  convulsions. 

Frogs,  when  placed  for  several  hours  in  air  devoid  of  O,  give  off  just  as  much  COg  as  in  air 
containing  0,  and  tliey  do  this  without  any  obvious  disturbance.  Hence,  it  appears  that  the 
formation  of  CO.^  is  independent  of  the  absorption  of  0,  and  the  CO.,  must  be  formed  from  the 
decomposition  of  other  compounds.  Ultimately,  however,  complete  motor  paralysis  occurs, 
whilst  the  circulation  remains  undisturbed  {Auhert).  ' 

[134.  DYSPNOEA  AND  ASPHYXIA.— For  the  causes  of  dyspnoea  see  §  111, 
and  those  of  asphyxia  see  §  368.  If  from  any  cause  an  animal  be  not  supplied  with 
a  due  amount  of  air,  normal  respiration  becomes  greatly  altered,  passing  through  the 
phases  of  hyperpnoea,  or  increased  respiration,  dyspnoea,  or  difficulty  of  breathing, 
to  the  final  condition  of  suffocation  or  asphyxia.  The  phenomena  of  asphyxia 
may  be  developed  by  closing  the  trachea  of  an  animal  with  a  clamp,  or  by  any 
means  which  prevents  the  entrance  of  air  or  blood  into  the  lungs. 
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The  phenomena  of  asphyxia  are  usually  divided  into  several  stages  : — 1.  During 
the  first  stage  there  is  hyperpnoea,  the  respirations  being  deeper,  more  frequent, 
and  laboured.  The  extraordinary  muscles  of  respiration — both  those  of  inspiration 
and  expiration  (§  118) — are  called  into  action,  dyspnrea  is  rapidly  produced,  and  the 
struggle  for  air  becomes  more  and  more  severe. '  At  the  same  time  the  oxygen  of 
the  blood  is  being  used  up,  while  the  blood  itself  becomes  more  and  more  venous. 
The  venous  blood  circulating  in  the  medulla  oblongata  and  spinal  cord  stimulates 
the  respiratory  centres,  and  causes  the  violent  respirations.  This  stage  usually  lasts 
about  a  minute,  and  gradually  gives  places  to — 

2.  The  second  stage,  when  the  inspiratory  muscles  become  less  active,  while 
those  concerned  in  laboured  expiration  contract  energetically,  and  indeed  almost 
every  muscle  in  the  body  may  contract ;  so  that  this  stage  of  violent  expiratory 
efforts  ends  in  general  convulsions.  The  convulsions  are  due  to  stimulation  of  the 
respiratory  centres  by  the  venous  blood.  The  convulsive  stage  is  short,  and  is 
usually  reached  in  a  little  over  one  minute.    This  storm  is  succeeded  by — 

3.  The  third  stage,  or  stage  of  exhaustion,  the  transition  being  usually  some- 
what sudden.  It  is  brought  about  by  the  venous  blood  acting  on  and  paralysing 
the  respiratory  centres.  The  pupils  are  widely  dilated,  consciousness  is  abolished, 
and  the  activity  of  the  reflex  centres  is  so  depressed  that  it  is  impossible  to  discharge 
a  reflex  act,  even  from  the  cornea.  The  animal  lies  almost  motionless,  with  flaccid 
muscles,  and  to  all  appearance  dead,  but  every  now  and  again,  at  long  intervals,  it 
makes  a  few  deep  inspiratory  efforts,  showing  that  the  respiratory  centres  are  not 
quite,  but  almost  paralysed.  Gradually  the  pauses  become  longer  and  the  inspira- 
tions feebler  and  of  a  gasping  character.  As  the  venous  blood  circulates  in  the  spinal 
cord,  it  causes  a  large  number  of  muscles  to  contract,  so  that  the  animal  extends  its 
trunk  and  limbs.  It  makes  one  great  inspiratory  spasm,  the  mouth  being  widely 
opened  and  the  nostrils  dilated,  and  ceases  to  breathe.  After  this  stage,  which  is 
the  longest  and  most  variable,  the  heart  becomes  paralysed,  partly  from  being  over- 
distended  with  venous  blood,  and  partly,  perhaps,  from  the  action  of  the  venous 
blood  on  the  cardiac  tissues,  so  that  the  pulse  can  hardly  be  felt.  To  this  pulseless 
condition  the  term  "asphyxia"  ought  properly  to  be  applied.  In  connection  with 
the  resuscitation  of  asphyxiated  persons,  it  is  important  to  note  that  the  heart  con- 
tinues to  beat  for  a  few  seconds  after  the  respiratory  movements  have  ceased. 

The  whole  series  of  phenomena  occupies  from  3  to  5  minutes,  according  to  the 
animal  operated  on,  and  depending  also  upon  the  suddenness  with  which  the  trachea 
was  closed.  If  the  causes  of  suffocation  act  more  slowly,  the  phenomena  are  the 
same,  only  they  are  developed  more  slowly. 

The  Circulation.— The  post-mortem  appearances  in  man  or  in  an  animal  are 
generally  well  marked.  Tlae  right  side  of  the  heart,  the  pulmonary  artery,  the 
venae  cavje,  and  the  veins  of  the  neck  are  engorged  with  dark  venous  blood.  The 
left  side  is  comparatively  empty,  because  th^e  rigor  mortis  of  the  left  side  of  the 
heart,  and  the  elastic  recoil  of  the  systemic  arteries,  force  the  blood  towards 
the  systemic  veins.  The  blood  itself  is  almost  black,  and  is  deprived  of  almost  all 
its  oxygen,  its  ha3moglobin  being  nearly  all  in  the  condition  of  reduced  haemoglobin, 
while  ordinary  venous  blood  contains  a  considerable  amount  of  oxyhaemoglobin  as 
well  as  reduced  Hb.  The  blood  of  an  asphyxiated  animal  practically  contains  none 
of  the  former  and  much  of  the  latter.  It  is  important  to  study  the  changes  in  the 
circulation  in  relation  to  phenomena  exhibited  by  an  animal  during  suffocation. 

We  may  measure  the  blood-pressure  in  any  artery  of  an  animal  while  it  is  being 
asphyxiated,  or  we  may  open  its  chest,  maintain  artificial  respiration,  and  place  a 
manometer  in  a  systemic  artery,  e.g.,  the  carotid,  and  another  in  a  branch  of  the 
pulmonary  artery.  In  the  latter  case,  we  can  watch  the  order  of  events  in  the 
heart  itself,  when  the  artificial  respiration  is  interrupted.  It  is  well  to  study 
the  events  in  both  cases. 
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If  the  tlood-pressure  be  measured  in  a  systemic  artery,  e.g.,  the  carotid,  it  is 
found  that  the  blood-pressure  rises  very  rapidly,  and  to  a  great  extent  during  the 
first  and  second  stages  ;  the  pulse-beats  at  first  are  quicker,  but  soon  become  slower 
and  more  vigorous.  During  the  third  stage  it  falls  rapidly  to  zero.  The  great 
rise  of  the  blood-pressure,  during  the  first  and  second  stages,  is  chiefly  due  to  the 
action  of  the  venous  blood  on  the  general  vaso-motor  centre,  causing  constriction  of 
the  small  systemic  arteries.  The  peripheral  resistance  is  thus  greatly  increased, 
and  it  tends  to  cause  the  heart  to  contract  more  vigorously,  but  the  slower  and 
more  vigorous  beats  of  the  heart  are  also  partly  due  to  the  action  of  the  venous 
blood  on  the  cardio-inhibitory  centre  in  the  medulla. 

If  the  second  method  be  adopted,  viz.,  to  open  the  chest,  keep  up  artificial 
respiration,  and  measure  the  blood-pressure  in  a  branch  of  the  pulmonary  artery, 
as  well  as  in  a  systemic  artery, — e.g.,  the  carotid, — we  find  that  when  the  artificial 
respiration  is  stopped,  in  addition  to  the  rise  of  the  blood-pressure  indicated  in  the 
carotid  manometer,  the  cavities  of  the  heart  and  the  large  veins  near  it  are  engorged 
with  venous  blood.  There  is,  however,  but  a  slight  comparative  rise  in  the  blood- 
pressure  in  the  pulmonary  artery.  This  may  be  accounted  for,  either  by  the  pul- 
monary artery  not  being  influenced  to  the  same  extent  as  other  arteries  by  the 
vaso-motor  centre,  or  by  its  greater  distensibility  (§  88).  But,  as  the  heart  itself  is 
supplied  through  the  coronary  arteries  with  venous  blood,  its  action  soon  becomes 
weakened,  each  beat  becomes  feebler,  so  that  soon  the  left  ventricle  ceases  to  con- 
tract, and  is  unable  to  overcome  the  great  peripheral  resistance  in  the  systemic 
arteries,  although  the  right  ventricle  may  still  be  contracting.  As  the  blood 
becomes  more  venous,  the  vaso-motor  centre  becomes  paralysed,  the  small  systemic 
arteries  relax,  and  the  blood  flows  from  them  into  the  veins,  while  the  blood-pressure 
in  the  carotid  manometer  rapidly  falls.  The  left  ventricle,  now  relieved  from  the 
great  internal  pressure,  may  execute  a  few  feeble  beats,  but  they  can  only  be  feeble, 
as  its  tissues  have  been  subjected  to  the  action  of  the  very  impure  blood.  More 
and  more  blood  accumulates  in  the  right  side  from  the  causes  already  mentioned. 
The  violent  inspiratory  efforts  in  the  early  stages  aspirate  blood  from  the  veins 
towards  the  right  side  of  the  heart,  but  of  course  this  factor  is  absent  when  the 
chest  is  opened.] 

[Convulsions  during  asphyxia  occur  only  in  warm-blooded  animals,  and  not  in 
frogs.  If  a  drug  when  injected  into  a  mammal  excites  convulsions,  but  does  not 
do  so  in  the  frog,  then  it  is  usually  concluded  that  the  convulsions  are  due  to  its 
action  on  the  circulation  and  respiration,  and  not  to  any  direct  stimulating  effect 
upon  the  motor  centres.  But  if  the  drug  excites  convulsions  both  in  the  mammal 
and  frog,  then  it  probably  acts  directly  on  the  motor  centres  {Brunton).'] 

[Recovery  from  the  condition  of  Asphyxia.  — If  the  trachea  of  a  dog  be  closed  suddenly  and 
completely,  the  average  duration  of  the  respiratory  movements  is  4  minutes  5  seconds,  while 
the  heart  continues  to  beat  for  about  7  minutes.  Recovery  may  be  obtained  if  proper  means  be 
adopted  before  the  heart  ceases  to  beat ;  but  after  this,  never.  If  a  dog  be  drowned,  the  result 
is  different.  After  complete  submersion  for  li  minute,  recovery  did  not  take  'place.  In 
drowning,  air  passes  out  of  the  chest,  and  water  is  inspired  into  and  fills  the  air-vesicles.  It 
is  rare  for  recovery  to  take  place  in  a  person  deprived  of  air  for  more  than  five  minutes.  If  the 
statements  of  sponge-divers  are  to  be  trusted,  a  person  may  become  accustomed  to  the  deprival 
of  air  for  a  longer  time  than  usual.  In  cases  where  recovery  takes  place  after  a  nnich  longer 
period  of  submersion,  it  has  been  suggested  that,  in  these  cases,  syncope  occurs,  the  heart  beats 
but  feebly  or  not  at  all,  so  that  the  oxygen  in  the  blood  is  not  used  up  with  the  same  rapidity 
It  is  a  well-known  fact  that  newly-born  and  young  puppies  can  be  submerged  for  a  long  time 
before  they  are  suffocated.] 

Artificial  Respiration  in  Asphyxia.— In  cases  of  suspended  animation,  artificial  respiration 
must  be  performed.  The  first  thmg  to  be  done  is  to  remove  any  foreign  substance  from  the 
respiratory  passages  (mucus  or  cedematous  fluids)  in  the  newly-born  or  asphyxiated  In  doubt- 
ful cases,  open  the  trachea  and  suck  out  any  fluid  by  means  of  an  elastic  catheter  (v  Huter) 
Recourse  must  m  all  cases  be  had  to  artificial  respiration.  There  are  several  methods  of  dilatin" 
and  compressing  the  chest  so  as  to  cause  an  e.\chauge  of  gases.  One  method  is  to  compress  the 
chest  rhythmically  with  the  hands. 
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[Marshall  Hall's  Method.— "After  clearing  the  mouth  aiu\  throat,  place  the  patient  on  the 
face,  raising  and  supporting  the  chest  well  on  a  folded  coat  or  other  article  of  dress.  Turn  the 
body  very  gently  on  the  side  and  a  little  beyond,  and  then  briskly  on  the  face,  back  again, 
repeating  these  measures  cautiously,  efficiently,  and  perseveringly,  about  fifteen  times  in  the 
minute,  or  once  every  four  or  five  seconds,  occasionally  varying  the  side.  By  placing  the 
patient  on  the  chest,  the  weight  of  the  body  forces  the  air  out ;  when  turned  on  the  side,  this 
pressure  is  removed,  and  air  enters  the  chest.  On  each  occasion  that  the  body  is  replaced  on 
the  face,  make  uniform  but  efficient  pressure  with  brisk  movement  on  the  back  between  and 
below  the  shoulder-blades  or  bones  on  each  side,  removing  the  pressure  immediately  before 
turning  the  body  on  the  side.  During  the  whole  of  the  operations  let  one  person  attend  solely 
to  the  movements  of  the  head  and  of  the  arm  placed  under  it."] 

[Sylvester's  Method.—"  Place  the  patient  on  the  back  on  the  flat  surface,  inclined  a  little 
upwards  from  the  feet  ;  raise  and  support  the  heatl  and  shoulders  on  a  small  firm  cushion  or 
folded  article  of  dress  placed  under  the  shoulder-blades.  Draw  forward  the  patient's  tongue, 
and  keep  it  projecting  l>eyond  the  lips  ;  an  elastic  band  over  the  tongue  and  under  the  chiu 
will  answer  this  purpose,  or  a  piece  of  string  or  tape  may  be  tied  round  them,  or  by  raising  the 
lower  jaw  the  teeth  may  be  made  to  retain  the  tongue  in  that  position.  Remove  all  tight 
clothing  from  about  the  neck  and  chest,  especially  the  braces."  'To  Imitate  the  Movements  of 
Breathing.— Standing  at  the  patient's  head  grasp  the  arms  just  above  the  elbows,  and  draw  the 
arms  gently  and  steadily  upwards  above  the  heail,  and  keep  them  stretched  upwards  for  two 
seconds.  By  this  means  air  is  drawn  into  the  lungs.  Then  turn  down  the  patient's  arms,  and 
press  them  gently  and  firmly  for  two  seconds  against  the  sides  of  the  chest.  By  this  means  air 
is  pressed  out  of  the  lungs.  Repeat  these  measures  alternately,  deliberately,  and  perseveringly 
about  fifteen  times  in  a  minute,  until  a  spontaneous  effort  to  respire  is  perceived,  immediately 
upon  which  cease  to  imitate  the  movements  of  breathing,  and  proceed  to  induce  circulation  and 
war^nth."] 

Howai-d  advises  rhythmical  compression  of  the  chest  and  abdomen  by  sitting  like  a  rider 
astride  of  the  body,  while  Schiiller  advises  that  the  lower  ribs  be  seized  from  above  with  both 
hands  and  raised,  wherebj'  the  chest  is  dilated,  especially  when  the  thigh  is  pressed  against  the 
abdomen  to  compress  the  abdominal  walls.  The  chest  is  compressed  by  laying  the  hands  flat 
upon  the  hypochondria.  Artificial  respiration  acts  favourably  by  supplying  0  to,  as  well  as 
removing  COo  from,  the  blood  ;  further,  it  aids  the  movement  of  the  blood  within  the  heart 
and  in  the  large  vessels  of  the  thorax.  If  the  action  of  the  heart  has  ceased,  recovery  is  impos- 
sible. In  asphyxiated  newly-born  children,  we  must  not  cease  too  soon  to  perform  artificial 
respiration.  Even  when  the  result  appears  hopeless,  we  ought  to  persevere.  Pfliiger  and  Zuntz 
observed  that  the  reflex  excitability  of  the  fcetal  heart  continued  for  several  hours  after  the 
death  of  the  mother. 

Resuscitation  by  compressing  the  heart. — Bohm  found  that  in  the  case  of  cats  poisoned  with 
potash  salts  or  chloroform,  or  asphyxiated,  so  as  to  arrest  respiration  and  the  action  of  the 
heart, — even  for  a  period  of  forty  minutes,— and  even  when  the  pressure  within  the  carotid  had 
fallen  to  zero,  he  could  restore  animation  by  rhythmical  compression  of  the  heart,  combined  with 
artificial  respiration.  The  compression  of  the  heart  causes  a  slight  movement  of  the  blood, 
while  it  acts  at  the  same  time  as  a  rhythmical  cardiac  stimulus.  After  recovery  of  the  respiration, 
the  reflex  excitability  and  gradually  also  voluntary  movements  are  restored.  The  animals  are 
blind  for  several  days,  the  brain  acts  slowly,  and  the  urine  contains  sugar.  These  experiments 
show  how  important  it  is  in  cases  of  asphyxia  to  act  at  the  same  time  upon  the  heart. 

For  physiological  purposes,  artificial  respiration  is  often  made  use  of,  especially  after 
poisoning  with  curara.  Air  is  forced  into  the  lungs  by  means  of  an  elastic  bag  or  bellows, 
attached  to  a  cannula  tied  in  the  trachea.  The  cannula  has  a  small  opening  in  the  side  of  it 
to  allow  the  expired  air  to  escape. 

Pathological. — After  the  lungs  have  once  been  properly  distended  with  air,  it  is  impossible 
by  any  amount  of  direct  compression  of  them  to  get  rid  of  all  the  air.  This  is  probably  due  to 
the  pressure  acting  on  the  small  bronchi,  so  as  to  squeeze  them,  before  the  air  can  be  forced  out 
of  the  air-vesicles.  If,  however,  a  lung  be  filled  with  CO.,,  and  be  suspended  in  water,  the  CO.^ 
is  absorbed  by  the  water,  and  the  lungs  become  quite  free  from  air  and  are  atelectic  {Hermann 
and  Keller).  The  atelectasis,  which  sometimes  occurs  in  the  lung,  may  thus  be  explained  : — If 
a  bronchus  is  stopped  with  mucus  or  exudation,  COo  accumulates  in  the  air- vesicles  belonging 
to  this  bronchus.  If  the  CO.,  is  absorbed  by  the  blood  or  lymph,  the  corresponding  area 
of  the  lung  will  become  atelectic.  Sometimes  there  is  spasm  of  the  respiratory  muscles,  brought 
about  by  direct  or  reflex  stimulation  of  the  respiratory  centre, 

135.  RESPIRATION  OF  FOREIGN  GASES.— No  gas  without  a  sufficient  admixture  of  O 
can  support  life.  Even  with  completely  innocuous  and  indifl"erent  gases,  if  no  0  be  mixed 
with  them,  they  cause  suflTocation  in  2  to  3  minutes. 

I.  Completely  indifferent  Gases  are  N,  H,  CH4.  The  living  blood  of  an  animal  breathing 
these  gases  yields  no  O  to  them  (Pfiiijer). 

II.  Poisonous  Gases. — O-displacing  Gases.— (ff)  Those  that  displace  0,  and  form  a  stable  com- 
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pound  with  the  ha?inoglobin— (1)  CO  (§§  16  and  17).  (2)  CNH  (hydrocyanic  acid)  displaces  (?) 
O  from  hicmoglobin,  ibrmiiig  a  more  stable  compound,  and  kills  exceedingly  rapidly.  Blood- 
corpuscles  charged  witli  liydrocyanic  acid  lose  the  property  of  decomposing  hydric  peroxide  into 
water  and  0  (§  17,  o). 

(b)  Narcotic  Gases.— (1)  CO^.— V.  Pettenkofer  characterises  atmospheric  air  containing  'l  per 
cent.  COo  as  "  bad  air"  ;  still,  air  in  a  room  containing  this  amount  of  CO2  produces  a  disagreeable 
feeling,  rather  from  the  impurities  mixed  with  it  than  from  the  actual  amount  of  CO2  itself. 
Air  containing  1  per  cent.  COo  produces  decided  discomfort,  and  with  10  per  cent,  it  endangers 
life,  while  larger  amounts  cause  death,  with  symptoms  of  coma.  (2)  NoO  (nitrous  oxide),  respired, 
mixed  with  i  volume  0,  causes,  after  1  to  2  minutes,  a  short  temporary  stage  of  excitement 
("Laughing  gas"  of  H.  Davy),  which  is  succeeded  by  unconsciousness,  and  afterwards  by  an 
increased  excretion  of  COj.    (3)  Ozonised  air  causes  similar  effects  {Binz). 

(c)  Eeducing  Gases. — (1)  HoS  (sulphuretted  hydrogen)  rapidly  robs  blood-corpuscles  of  O, 
S  and  HgO  being  formed,  and  death  occurs  rapidly  before  the  gas  can  decompose  the  hajmoglobin 
to  form  a  sulphur-methremoglobin  compound. 

(2)  PH3  (phosphuretted  hydrogen)  is  oxidised  in  the  blood  to  form  phosphoric  acid  and 
water,  with  decomposition  of  the  hicmoglobin. 

(3)  AsHj  (arseniuretted  hydrogen)  and  SbH^  (antimoniuretted  hydrogen)  act  like  PHg,  but 
the  hfemoglobin  jiasses  out  of  the  stroma  and  appears  in  the  urine. 

(4)  CoNj  (cyanogen)  absorbs  0,  and  decomposes  the  blood. 

III.  Irrespirable  gases,  i.e.,  gases  which,  on  entering  the  larynx,  cause  reflex  spasm  of  the 
glottis.  When  introduced  into  the  trachea,  they  cause  inflammation  and  death.  Under  thi.s 
category  come  hydrochloric,  hydrofluoric,  sulphurous,  nitrous,  and  nitric  acids,  ammonia, 
chlorine,  fluorine,  and  ozone. 

136.  ACCIDENTAL  IMPURITIES  OF  THE  AIR.— Amongst  these  are  dust-particles,  which 
occur  in  enormous  amount  suspended  in  the  air,  and  thereby  act  injuriously  upon  the  respiratory 
organs.  The  ciliated  epithelium  of  the  res})iratory  passages  eliminates  a  large  number  of  them 
(fig.  148).    Some  of  them,  however,  reach  the  air- vesicles  of  the  lung,  where  they  penetrate  the 

epithelium,  reach  the  interstitial  lung-tissue 
and  lymphatics,  andso  pass  with  the  lymph- 
stream  into  the  bronchial  glands.  Particles 
of  coal  or  charcoal  are  found  in  the  lungs 
of  all  elderly  individuals,  and  blacken  the 
alveoli.  In  moderate  amount,  these  black 
particles  do  not  seem  to  do  any  harm  in  the 
tissues,  but  when  there  are  large  accumu- 
lations they  give  rise  to  lung-afi'ections, 
which  lead  to  disintegration  of  these  organs. 
[In  coal-miners,  for  example,  the  lung- 
tissues  along  the  track  of  the  lymphatics 
and  in  the  bronchial  glands  are  quite  black, 
constituting  "  coal-miners'  lung."]  In 
many  trades  various  particles  occur  in  the 
air ;  miners,  grinders,  stone-masons,  file-makers,  weavers,  spinners,  tobacco  manufacturers, 
millers,  and  bakers  sufler  from  lung  afl'ections  caused  by  the  introduction  of  particles  of  various 
kinds  inhaled  during  the  time  they  are  at  work. 

Germs. — There  seems  no  doubt  tliat  the  seeds  of  some  contagious  diseases  maybe  inhaled. 
Diphtheritic  bacteria  (Bacillus  diphtlieria;)  become  localised  in  the  pharynx  and  in  the  larynx — 
glanders  in  the  nose — measles  in  tlie  bronchi — whooping-cough  in  the  bronchi — hay-monads 
in  the  nose — the  Bacillus  pneumoniix?  of  pneumonia  in  the  pulmonary  alveoli.  Tuberculosis, 
according  to  R.  Koch,  is  due  to  the  introduction  and  development  of  the  Bacillus  tuberculosis 
in  the  lungs,  the  bacillus  being  derived  from  the  dust  of  tubercidous  sputa.  The  same  seems  to  be 
the  case  with  the  Bacillus  of  leprosy  and  with  Bacillus  malarife,  which  is  the  cause  of  malaria. 
The  latter  organism  thus  reaches  the  blood  ;  it  changes  the  Hb  within  the  red  "blood-corpuscles 
into  melanin  (§  10,  3),  and  causes  them  to  break  up.  The  Micrococcus  vaccinae  of  smallpox 
gains  access  to  the  blood  in  the  same  way,  also  the  Spirillum  of  remittent  fever  (fig.  23),  the 
microbe  of  scarlet  fever,  &c.  ' 

Seeds  of  disease  passing  into  the  mouth  along  with  air,  and  also  with  the  food,  are  swallowed, 
and  undergo  development  in  the  intestinal  tract,  as  is  probably  the  case  in  cholera  (Comma- 
bacillus  of  R.  Koch),  dysentery,  typhoid,  and  anthrax  which  is  due  to  Bacterium  anthracis 
(fig.  24). 

137.  VENTILATION  OF  ROOMS.— Fresh  air  is  as  necessary  for  the  healthy  as  for  the  sick. 

Every  healthy  person  ought  to  have  a  cubic  space  of  at  the  very  least  800  cubic  feet,  and  every 
sick  person  at  the  very  least  1000  cubic  feet  of  space.  [The  cubic  space  allowed  per  individual 
varies  greatly,  but  1000  cubic  feet  is  a  fair  average.    If  the  air  in  this  space  is  to  be  kept  sweet 
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so  that  the  CO,  does  not  exceed  -06  per  cent.,  3000  cubic  feet  of  air  per  hour  must  be  supplied, 
i.e.,  the  air  in  the  space  must  be  renewed  three  times  per  hour.] 

[Floor-Space.  — It  is  equally  important  to  secure  suliieient  floor-space,  and  this  is  especially 
the  case  in  hospitals.  If  possible,  100-120  square  feet  of  floor-space  ought  to  be  provided  for 
each  patient  in  a  hospital-ward,  and  if  it  is  obtainable  a  cubic  space  of  1500  cubic  feet  (Parkes). 
In  all  cases  the  minimum  floor-space  should  not  be  less  than  xV  of  the  cubic  space.] 

Overcrowding.— When  there  is  overcrowding  in  a  room,  the  amount  of  CO.,  increases.  V. 
Pettenkofer  found  the  normal  amount  of  CO.,  (-04  to  -05  per  1000)  increased'in  comfortable 
rooms  to  0-54-0-7  per  1000;  in  badly  ventilated  sick  chambers  =  2-4  ;  in  overcrowded  audi- 
toriums, 3-2  ;  in  pits  =  4  "9  ;  in  schoolrooms,  7  "2  per  1000.  Although  it  is  not  the  quantity  of 
COo  which  makes  the  air  of  an  overcrowded  room  injurious,  but  the  excretions  from  the  outer 
and  inner  surfaces  of  the  body,  which  give  a  distinct  odour  to  the  air,  quite  recognisable  by  the 
sense  of  smell,  still  the  amount  of  CO2  is  taken  as  an  index  of  the  presence  and  amount  of  the.se 
other  deleterious  substances.  Whether  or  not  the  ventilation  of  a  room  or  ward  occupied  by 
I)crsons  is  sufficient,  is  ascertained  by  estimating  the  amount  of  CO.,.  A  room  which  does  not 
give  a  disagreeable,  somewhat  stuffy,  odour  has  less  than  O'T  per  1000  of  C0„,  while  the  ventila- 
tion is  certainly  insufficient  if  the  00^  =  1  per  1000.  As  the  air  contains  only  0*0005  cubic 
metre  CO,  in  1  cubic  metre  of  air,  and  as  an  adult  produces  hoicrly  0-0226  cubic  metres  COj, 
calculation  shows  that  every  person  requires  113  cubic  metres  of  fresh  air  per  hour,  if  the  CO., 
is  not  to  exceed  07  per  1000  :  for  07  :  1000  =  (0-0226 -I- a;  x  0-0005):  x,  i.e.,  a;  =  113. 

[Vitiating  Products. — In  a  state  of  repose,  an  adult  man  gives  off  from  12  to  16  cubic  feet  of 
COo  in  twenty-four  hours,  or  on  an  average  -6  cubic  feet  per  hour.  To  this  must  be  added  a 
■certain  quantity  of  organic  matter,  which  is  extremely  deleterious  to  health.  While  the  CO2 
diffuses  readily  and  is  easily  disposed  of  by  opening  the  windows,  this  is  not  the  case  with  the 
organic  matter,  which  adheres  to  clothing,  curtains,  and  furniture  ;  hence  to  get  rid  of  it,  a 
room,  and  especially  a  sleeping  apartment,  requires  to  be  well  aired  for  a  long  time,  together 
with  the  free  admission  of  sunlight.  We  must  also  remember  that  an  adult  gives  off  from  25  to 
40  oz.  of  water  by  the  skin  and  lungs.  The  nature  of  the  organic  matters  is  not  precisely 
known,  but  some  of  it  is  particulate,  consisting  of  epithelium,  fatty  matters,  and  organic 
vapours  from  the  lungs  and  mouth.  It  blackens  sulphuric  acid,  and  decolourises  a  weak  solu- 
tion of  potassic  permanganate.  As  a  test,  if  we  expire  through  distilled  water,  and  this  water 
be  set  aside  for  some  time  in  a  warm  place,  it  will  soon  become  foetid.  We  must  also  take  into 
consideration  the  products  of  combiistion  ;  thus  1  cubic  foot  of  coal-gas,  when  burned,  destroys 
all  the  O  in  8  cubic  feet  of  air  (Farkes).] 

Methods. — In  ordinary  rooms,  where  every  person  is  allowed  the  necessary  cubic  space  (1000 
cubic  feet),  the  air  is  sufficiently  renewed  by  means  of  the  pores  in  the  walls  of  the  room,  by  the 
■opening  and  shutting  of  doors,  and  by  the  fireplace,  provided  the  damper  is  kept  open.  It  is 
most  important  to  notice  that  the  natural  ventilation  be  not  interfered  with  by  dampness  of  the 
walls,  for  this  influences  the  pores  very  gi-eatly.  At  the  same  time,  damp  walls  are  injurious  to 
health  by  conducting  away  heat,  and  in  them  the  germs  of  infectious  diseases  may  develop. 

[Natural  Ventilation. — By  this  term  is  meant  the  ventilation  brought  about  by  the  ordinary 
forces  acting  in  nature  ;  such  as  diffusion  of  gases,  the  action  of  winds,  and  the  movements 
excited  owing  to  the  different  densities  of  air  at  unequal  temperatures.] 

[Artificial  Ventilation. — Various  methods  are  in  use  for  ventilating  public  buildings  and 
dwelling-houses.  Two  principles  are  adopted  for  the  former,  viz.,  extraction  and  propulsion  of 
air.  In  the  former  method,  the  air  is  sucked  out  of  the  rooms  by  a  fan  or  other  apparatus,  while 
in  the  latter,  air  is  forced  into  the  rooms,  the  air  being  previously  heated  to  the  necessary 
temperature.  ] 

[A  very  convenient  method  of  introducing  air  into  a  room  is  by  means  of  Tobin's  tubes, 
placed  in  the  walls.  The  air  enters  through  these  tubes  from  the  outside  near  the  floor,  and  is 
carried  up  six  or  more  feet,  to  an  opening  in  the  wall  ;  the  cool  air  thus  descends  slowly.  For 
a  sitting-room,  a  convenient  plan  of  window  ventilation  is  H.  Bird's  Method  : — Raise  the 
lower  sash  and  place  under  it,  so  as  to  fill  up  the  opening,  a  piece  of  wood  3  or  4  inches  high. 
Air  will  then  pass  in,  in  an  upward  direction,  between  the  upper  part  of  the  lower  sash-frame 
and  the  lower  part  of  the  upper  one.] 

138.  FORMATION  OF  MUCUS,  SPUTUM.— The  respiratory  mucous  mem- 
brane is  covered  normally  vi^ith  a  thin  layer  of  mucus  (fig.  130,  a).  It  so  far  inhibits 
the  formation  of  new  mucus  by  protecting  the  mucous  glands  from  the  action  of 
cold  or  other  irritative  agents.  New  mucus  is  secreted  as  that  already  formed  is 
removed.  An  increased  secretion  accompanies  congestion  of  the  respiratory  mucous 
membrane  [or  any  local  irritation].  Division  of  the  nerves  on  one  side  of  the 
trachea  (cat)  causes  redness  of  the  tracheal  mucous  membrane  and  increased  secre- 
tion (Rossbach),  [but  the  two  processes  do  not  stand  in  the  relation  of  cause  and 
effect].    The  secretion  cannot  be  excited  by  stimulating  the  nerves  going  to  the 
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mucous  membrane.  This  merely  causes  anaemia  of  the  mucous  membrane,  while 
the  secretion  continues.]  . 

Modifying  Conditions. -If  ice  be  placed  on  the  belly  of  an  animal  so  as  to  cause  the  animal 
"  to  take  a  cold  "  the  respiratory  mucous  membrane  first  becomes  pale,  and  afterwards  tliere  is 
a  COP  oi^mSus  secr^  the  membrane  becoming  deeply  congested.  The  injection  of  sodium 
LrbonaTeancl  ammonium  chloride  into  the  blood  limits  the  secretion  The  local  applica  ion  of 
alum  silver  nitrate,  or  tannic  acid,  makes  the  mucous  membrane  turbid,  and  the  epithelium  is 
shed.'  The  secretion  is  excited  by  apomorphin,^.emetIn,  pilocarpin,  and  ipecacuanha  when  given 
internally,  while  it  is  limited  by  atropin  and  morphia  (iZossftac/i)-  m,.-   ..i.  i 

rExpectorants  favour  the  removal  of  the  secretions  from  the  air-passages.  This  they  may  do 
either  by  (a)  altering  the  character  and  qualities  of  the  secretion  itself,  or  (b)  by  atiectmg  tne 
expulsive  mechanism.  Some  of  the  drugs  already  mentioned  are  examples  of  the  first  class. 
The  second  class  act  chiefly  by  influencing  the  respiratory  centre,  e.g.,  ipecacuanha,  stiycUnia, 
ammonia,  senega  ;  emetics  also  act  energetically  as  expectorants,  as  m  some  cases  ot  chronic 
bronchitis  ;  warmth  and  moisture  in  the  air  are  also  powerful  adjuncts.] 

Sputum.— Under  normal  circumstances,  some  mucus— mixed  with  a  little  saliva- 
may  be  coughed  up  from  the  back  of  the  throat.    In  catarrhal  conditions  of  the 


Fig.  149. 

Various  objects  found  in  sputum.  1,  detritus  and  particles  of  dust;  2,  alveolar  epithelium 
with  pigment  ;  3,  fatty  and  pigmented  alveolar  epithelium  ;  4,  alveolar  epithelium  with 
myelin-forms  ;  5,  free  myelin-forms  ;  6,  7,  ciliated  epithelium,  some  without  cilia  ;  8, 
squamous  epithelium  from  the  ftiouth  ;  9,  leucocytes  ;  10,  elastic  fibres  ;  11,  fibrin-cast  of  a 
small  bronchus  ;  12,  leptothrix  buccalis  with  cocci,  bacteria,  and  spirochaetae  ;  a,  fatty  acid 
crystals  and  free  fatty  granules  ;  b,  hfeniatoidin  ;  c,  Charcot's  crystals  ;  d,  cholesterin. 

respiratory  mucous  membrane,  the  sputum  is  greatly  increased  in  amount,  and  is 
often  mixed  with  other  characteristic  products.  Microscopically,  sputum  con- 
tains— 

1.  Epithelial  Cells,  chiefly  squames  from  the  mouth  and  pharynx  (fig.  149), 

more  rarely  alveolar  epithelium  and  ciliated  epithelium  (7)  from  the  respiratory 

passages.    They  are  often  altered  owing  to  maceration  or  other  changes.  Thus 

some  cells  may  have  lost  their  cilia  (6). 

The  epithelium  of  the  alveoli  (2)  is  squamous  epithelium,  the  cells  being  two  to  four  times 
the  breadth  of  a  colourless  blood-corpuscle.  These  cells  occur  chiefly  in  the  morning  sputum  in 
individuals  over  30  years  of  age.  In  younger  persons  their  presence  indicates  a  pathological 
condition  of  the  pulmonary  parenchyma. 
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They  often  undergo  fatty  degeneration,  and  they  may  contain  pigment-granules  (3) ;  or  they 
may  present  the  appearance  of  what  Bulil  has  called  ''myelin  degenerated  cells,"  i.e.,  cells  filled 
with  clear  refractive  drops  of  various  sizes,  some  colourless,  others  with  coloured  particles,  the  latter 
having  been  absorbed  (4).    Mucin  in  the  form  of  myelin  drops  (5)  is  always  present  in  sputum. 

2.  Lymphoid  cells  (9)  are  colourless  blood  -corpuscles  which  have  wandered  out 
of  the  blood-vessels ;  they  are  most  numerous  in  yellow  sputum,  and  less  numerous 
in  the  clear  mucus-like  excretion.  The  lymph-cells  often  present  alterations  in  their 
characters  ;  they  may  be  shrivelled  up,  fatty,  or  present  a  granular  appearance. 

The  fluid  substance  of  the  sputum  contains  much  mucus,  arising  from  the 
mucous  glands  and  goblet  cells,  together  with  nuclein,  and  lecithin,  and  the  con- 
stituents of  saliva,  according  to  the  amount  of  the  latter  mixed  with  the  secretion. 
Albttmin  occwvs.  only  during  the  inflammation  of  the  respiratory  passages,  and  its 
amount  increases  with  the  degree  of  inflammation.  Urea  has  been  found  in  cases 
of  nephritis. 

In  cases  of  catarrh,  the  sputum  is  at  first  usually  sticky  and  clear  (sputa  cruda),  but  later  it 
becomes  more  firm  and  yellow  (sputa  cocta).  Under  pathological  conditions,  there  may  be  found 
in  the  sputum— (rt)  red  blood-corpuscles  from  rupture  of  a  blood-vessel,  (h)  Elastic-fibres  (10) 
from  disintegration  of  the  alveoli  of  the  lung  ;  usually  the  bundles  are  fine,  curved,  and  the 
fibres  branched.  [In  certain  cases  it  is  well  to  add  a  solution  of  caustic  potash,  which  dissolves 
most  of  the  other  elements,  leaving  the  elastic  fibres  untouched.]  Their  presence  always 
indicates  destruction  of  the  lung-tissue,  (c)  Colourless  plugs  of  fibrin  (11),  casts  of  the  smaller 
or  larger  bronchi,  occur  in  some  cases  of  fibrinous  exudation  into  the  finer  air-passages,  {d) 
Crystals  of  various  kinds— crystals  fatty  acids  in  bundles  of  fine  needles  (fig.  149,  a).  They 
indicate  great  decomposition  of  the  stagnant  secretion.  Leucin  and  ty rosin  crystals  are  rare 
(§  269).  Tyrosin  occurs  in  considerable  amount  when  an  old  abscess  breaks  into  the  lungs. 
Colourless,  sharp-pointed,  octagonal  or  rhombic  plates— Charcot's  crystals  (c) — have  been  found 
in  the  expectoration  in  asthma,  and  exudative  affections  of  the  bronchi.  Hsematoidin  {h)  and 
cholestenn  crystals  [d)  occur  much  more  rarely. 

Fungi  and  other  lowly  organisms  are  taken  in  during  inspiration  (§  136).  The  threads  of 
Leptothrix  buccalis  (12),  detached  from  the  teeth,  are  frequently  found  (§  147).  Mycelium  and 
spores  are  found  in  thrush  (Oidiura  albicans),  especially  in  the  mouths  of  sucking  infants.  In 
malodorous" expectoration  rod-shaped  bacteria  are  present.  In  pulmonary  gangrene  are  found 
monads,  and  cercomonads  ;  in  pulmonary  phthisis  the  tubercle  bacillus  ;  very  rarely  sarcina, 
which,  however,  is  often  found  in  gastric  catarrh  in  the  stomach  and  also  in  the  urine  (§  270). 

Phjrsical  Characters. — Sputum,  with  reference  to  its  physical  characters,  is  described  as 
mucous,  muco-picrulcnt,  or  pundent. 

Abnormal  coloration  of  the  sputum — red  from  blood  ;  when  the  lilood  remains  long  in  the 
lung  it  undergoes  a  regular  series  of  changes,  and  tinges  the  sputum  dark-red,  bluish-brown, 
brownish-yellow,  deep  yellow,  yellowish-green,  or  gi-ass-green.  The  sputum  is  sometimes 
yellow  in  jaundice.  The  sputum  may  be  tinged  by  what  is  inspired  [as  in  the  case  of  the 
*'  black-spit "  of  miners]. 

The  odour  of  the  sputum  is  more  or  less  unpleasant.  It  becomes  very  disagreeable  when  it 
has  remained  long  in  pathological  lung-cavities,  and  it  is  stinking  in  gangrene  of  the  lung. 

139.  ACTION  OF  THE  ATMOSPHERIC  PRESSURE.— At  the  normal 
pressure  of  the  atmosphere  (height  of  the  barometer,  760  millimetres  Hg),  pressure  is 
exerted  upon  the  entire  surface  of  the  body  =  15,000  to  20,000  kilos.,  according  to 
the  extent  of  the  superficial  area.  This  pressure  acts  equally  on  all  sides  upon  the 
body,  and  also  occurs  in  all  internal  cavities  containing  air,  both  those  that  are  con- 
stantly filled  with  air  (the  respiratory  passages  and  the  spaces  in  the  superior  maxil- 
lary, frontal,  and  ethmoid  bones),  and  those  that  are  temporarily  in  direct  communi- 
cation with  the  outer  air  (the  digestive  tract  and  tympanum).  As  the  fluids  of  the 
body  (blood,  lymph,  secretions,  parenchymatous  juices)  are  practically  incompres- 
sible, their  volume  remains  unchanged  under  the  pressure ;  but  they  absorb  gases 
from  the  air  corresponding  to  the  prevailing  pressure  (i.e.,  the  partial  pressure  of 
the  individual  gases),  and  according  to  their  temperature  (§  33).  The  solids 
consist  of  elementary  parts  (cells  and  fibres),  each  of  which  presents  only  a  micro- 
scopic surface  to  the  pressure,  so  that  for  each  cell  the  prevailing  pressure 
of  the  air  can  only  be  calculated  at  a  few  millimetres — a  pressure  under 
which  the  most  delicate  histological  tissues  undergo  development.    As  an  example 
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of  the  action  of  the  pressure  of  the  atmospheric  pressure  upon  large  masses,  take 
that  brought  about  by  the  adhesion  of  the  smooth,  sticky,  moist,  articular  surfaces 
of  the  shoulder  and  hip  joints  ;  the  arm  and  the  leg  are  supported  without  the 
action  of  muscles.  The  thigh-bone  remains  in  its  socket  after  section  of  all  the 
muscles  and  its  capsule.  Even  when  the  cotyloid  cavity  is  perforated,  the  head  of 
the  femur  does  not  fall  out  of  its  socket.  The  ordinary  barometric  variations  afEect 
the  respiration — a  rise  of  the  barometric  pressure  excites,  while  a  fall  diminishes, 
the  respirations.    The  absolute  amount  of  CO2  remains  the  same  (§  127,  8). 

Great  diminution  of  the  atmospheric  pressure,  such  as  occurs  in  ballooning  (highest  ascent, 
8600  metres),  or  in  ascending  mountains,  causes  a  series  of  characteristic  phenomena: — (1)  In 
consequence  of  the  diminution  of  the  pressure  upon  the  parts  directly  in  contact  with  the  air, 
they  become  greatly  congested,  hence  there  is  redness  and  swelling  of  the  skin  and  free  mucous 
membranes  ;  there  may  be  hfemorrhage  from  the  nose,  lungs,  gums  ;  turgidity  of  the  cutaneous 
veins  ;  copious  secretion  of  sweat ;  great  secretion  of  mucus.  (2)  A  feeling  of  weight  in  the 
limbs,  a  pressing  outwards  of  the  tympanic  membrane  (until  the  tension  is  equilibrated  by 
opening  the  Eustachian  tube),  and  as  a  consequence  noises  in  the  ears  and  difficulty  of  hearing. 
(3)  In  consequence  of  the  diminished  tension  of  the  0  in  the  air  (§  129),  there  is  difficulty  of 
breathing,  pain  in  the  chest,  whereby  the  respirations  (and  pulse)  become  more  rapid,  deeper, 
and  irregular.  When  the  atmospheric  pressure  is  diminished  the  amount  of  O  in  the  blood 
is  diminished,  the  COj  is  imperfectly  removed  from  the  blood,  and  in  consequence  there  is 
diminished  oxidation  within  the  body.  When  the  atmospheric  pressure  is  diminished  to  one- 
half,  the  amount  of  COg  in  arterial  blood  is  lessened  ;  and  the  amount  of  N  diminishes  pro- 
portionally with  the  decrease  of  the  atmospheric  pressure.  The  diminished  tension  of  the  air 
prevents  the  vibrations  of  the  vocal  cords  from  occurring  so  forcibly,  and  hence  the  voice  is  feeble. 
(5)  In  consequence  of  the  amount  of  blood  in  the  skin,  the  internal  organs  are  relatively  anaemic  ; 
hence,  there  is  diminished  secretion  of  urine,  muscular  weakness,  disturbances  of  digestion, 
dulness  of  the  senses,  and  it  may  be  unconsciousness,  and  all  these  phenomena  are  intensified  by 
the  conditions  mentioned  under  (3).  Some  of  these  phenomena  are  modified  by  usage.  The 
highest  limit  at  which  a  man  may  still  retain  his  senses  is  placed  by  Tissandier  at  an  elevation 
of  8000  metres  (280  mm.  Hg).  In  dogs  the  blood-pressure  falls,  and  the  pulse  becomes  small 
and  diminished  in  frequency,  when  the  atmospheric  pressure  falls  to  200  mm.  Hg. 

Those  who  live  upon  high  mountains  suffer  from  a  disease  "  mal  de  montagne,"  which  consists 
essentially  in  the  above  symptoms,  although  it  is  sometimes  complicated  with  ana;mia  of  the 
internal  organs.  Al.  v.  Humboldt  found  that  in  those  who  lived  on  the  Andes  the  thorax  was 
capacious.  At  6000  to  8000  feet  above  sea-level,  water  contains  only  one-third  of  the  absorbed 
gases,  so  that  fishes  cannot  live  in  it.  Animals  may  be  subjected  to  a  further  diminution  of  the 
atmospheric  pressure  by  being  placed  under  the  receiver  of  an  air-pump.  Birds  die  when  the 
pressure  is  reduced  to  120  mm.  Hg ;  mammals  at  40  mm.  Hg  ;  frogs  endure  repeated  evacua- 
tions of  the  receiver,  whereby  they  are  much  distended,  owing  to  the  escape  of  gases  and  water, 
but  after  the  entrance  of  air  they  become  greatly  compressed.  The  cause  of  death  in  mammals 
is  ascribed  by  Hoppe-Seyler  to  the  evolution  of  bubbles  of  gas  in  the  blood  ;  these  bubbles  stop 
up  the  capillaries,  and  the  circulation  is  arrested.  Local  diminution  of  the  atmosp]ici~ic  j)resmrc 
causes  marked  congestion  and  swelling  of  the  part,  as  occurs  when  a  cupping-glass  is  used. 

Great  increase  of  the  atmospheric  pressure  causes  phenomena,  for  the  most  part,  the  reverse 
of  the  foregoing,  as  in  pneumatic  cabinets  and  in  diving-bells,  where  men  may  work  even  under 
4^  atmospheres  pressure.  (1)  Paleness  and  dryness  of  the  external  surfaces,  collapse  of  the 
cutaneous  veins,  diminution  of  perspiration,  and  mucous  secretions.  (2)  The  tympanic  mem- 
brane is  pressed  inwards  (until  the  air  escapes  through  the  Eustachian  tube,  after  causing  a 
sharp  sound),  acute  sounds  are  heard,  pain  in  the  ears,  and  difficulty  of  hearing.  (3)  A  feeling 
of  lightness  and  freshness  during  respiration,  the  respiration  becomes  slower  (by  2-4  per  minute), 
inspiration  easier  and  shorter,  expiration  lengthened,  the  pause  distinct.  The  capacity  of  the 
lungs  increases,  owing  to  the  freer  movement  of  the  diaphragm,  in  consequence  of  the  diminu- 
tion of  the  intestinal  gases.  Owing  to  the  more  rapid  oxidations  in  the  body,  muscular  move- 
ment is  easier  and  more  active.  The  0  absorbed  and  the  CO2  excreted  are  increased.  The 
venous  blood  is  reddened.  (4)  Difficulty  of  speaking,  alteration  of  the  tone  of  the'  voice 
mabihty  to  whistle.  (5)  Increase  of  the  urinary  secretion,  more  muscular  energy,  more  rapid 
metabolism,  increased  appetite,  subjective  feeling  of  warmth,  pulse  beats  slower,  and  pulse-curve 
IS  lower  (compare  §  74).  In  animals  subjected  to  excessively  high  atmospheric  pressure  P  Bert 
found  that  the  arterial  blood  contained  30  vols,  per  cent.  O  (at  760  mm.  Hg)  •  when  the 
amount  rose  to  35  vol.  per  cent,  death  occurred  with  convulsions.  Compressed  air  has  been 
used  for  therapeutical  purposes,  but  in  doing  so  a  too  rapid  increase  of  the  pressure  is  to  be 
avoided.  Waldenburg  has  constructed  such  an  apparatus,  which  may  be  used  for  the  resuira- 
tion  of  air  under  a  greater  or  less  pressure. 

Frogs,  when  placed  in  compressed  0  (at  14  atmospheres),  exhibit  the  same  phenomena  as  if 
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they  were  in  a  vacuum,  or  pure  N.  There  is  paralysis  of  the  central  nervous  system,  sometimes 
preceded  by  convulsions.  The  heart  ceases  to  beat  (not  the  lymph  hearts),  while  the  excitability 
of  the  naotor  nerves  is  lost  at  the  same  time,  and  lastly  the  direct  muscular  excitability  disappears. 
An  excised  frog's  heart  placed  in  0  under  a  very  high  pressure  (13  atmospheres),  scarcely  beats 
cue-fourth  of  the  time  during  which  it  pulsates  in  air.  If  the  heart  be  exposed  to  the  air 
again,  it  begins  to  beat,  so  that  compressed  0  renders  the  vitality  of  the  heart  latent  before 
abolishing  it. 

Phosphorus  retains  its  luminosity  under  a  high  pressure  in  O,  but  this  is  not  the  case  with 
the  luminous  organisms,  e.g.,  Lampyris,  and  luminous  bacteria.  High  atmospheric  pressure  is 
also  injurious  to  plants. 

140.  COMPARATIVE  AND  HISTORICAL. —Mammals  have  lungs  similar  to  those  of  man. 
The  lungs  of  birds  are  spongy,  and  united  to  the  chest-wall,  while  there  are  openings  on  their 
surface  communicating  with  thin-walled  "  air-sacs, "  which  are  placed  amongst  the  viscera. 
The  air-sacs  communicate  with  cavities  in  the  bones,  which  give  the  latter  great  lightness.  The 
diaphragm  is  absent.  In  reptiles  the  lungs  are  divided  into  greater  and  smaller  compartments  ; 
in  snakes  one  lung  is  abortive,  while  the  other  has  the  elongated  form  of  the  body.  The  amphi- 
bians (frog)  possess  two  simple  lungs,  each  of  which  represents  an  enormous  infundibulum  with 
its  alveoli.  The  frog  pumps  air  into  its  lungs  by  the  contraction  of  its  throat,  the  nostrils 
being  closed  and  the  glottis  opened.  When  young— until  their  metamorphosis— frogs  breathe 
like  fishes  by  means  of  gills.  The  perenuibranchiate  amphibians  (Proteus)  retain  their  gills 
throughout  life.  Amongst  fishes,  which  breathe  by  gills  and  use  the  0  absorbed  by  the  water, 
the  Dipnoi  have  in  addition  to  gills  a  swim-bladder  provided  with  atferent  and  efferent  vessels, 
which  is  comparable  to  the  lung.  The  Cobitis  respires  also  with  its  intestine.  Insects  and 
centipedes  respire  by  "tracheae,"  which  are  branched  canals  distributed  throughout  the  body  ; 
they  open  on  the  surface  of  the  body  by  openings  (stigmata)  which  can  be  closed.  Spiders 
respire  by  means  of  tracheae  and  tracheal  sacs,  crabs  by  gills.  The  molluscs  and  cephalopods 
have  gills  ;  some  gasteropods  have  gills  and  others  lungs.  Amongst  the  lower  invertebrata  some 
breathe  by  gUls,  others  by  means  of  a  special  "  water- vascular  system,"  and  others  again  by  no 
special  organs. 

Historical. — Aristotle  (384  B.C.)  regarded  the  object  of  respiration  to  be  the  cooling  of  the 
body,  so  as  to  moderate  the  internal  warmth.  He  observed  correctly  that  the  warmest  animals 
breathe  most  actively,  but  in  interpreting  the  fact  he  reversed  the  cause  and  effect.  Galen 
(131-203  A.D.)  thought  that  the  "soot"  was  removed  from  the  body  along  with  the  expired 
water.  The  most  important  experiments  on  the  mechanics  of  respiration  date  from  Galen  ;  he 
observed  that  the  lungs  passively  follow  the  movements  of  the  chest ;  that  the  diaphragm  is  the 
most  important  muscle  of  inspiration  ;  that  the  external  intercostals  are  inspiratory  ;  and  the 
internal,  expiratory.  He  divided  the  intercostal  nerves  and  muscles,  and  observed  that  loss  of 
voice  occurred.  On  dividing  the  spinal  cord  higher  and  higher,  he  found  that  as  he  did  so  the 
muscles  of  the  thorax  lying  higher  up  became  paralysed.  Oribasius  (360  A.n.)  observed  that  in 
double  pneumothorax  both  limgs  collapsed,  Vesalius  (1540)  first  described  artificial  respiration 
as  a  means  of  restoring  the  beat  of  the  heart.  Malpighi  (1661)  described  the  structure  of  the 
lungs.  J.  A.  Borelli  (t  1679)  gave  the  first  fundamental  description  of  the  mechanism  of  the 
respiratory  movements.  The  chemical  processes  of  respiration  could  only  be  known  after  the 
discovery  of  the  individual  gases  therein  concerned.  Van  Helmont  (t  1644)  detected  GO,,. 
[Joseph  Black  (1757)  discovered  that  CO2,  or  "fixed  air,"  is  given  out  during  expiration.]  In 
1774  Priestley  discovered  O.  Lavoi.sier  detected  N  (1775),  and  ascertained  the  composition  of 
atmospheric  air,  and  he  regarded  the  formation  of  CO2  and  H.fi  of  the  breath  as  a  result  of  a 
combustion  within  the  lungs  themselves.  J.  Ingen-Houss  (1730-1799)  discovered  the  respira- 
tion of  plants.  Vogel  and  others  proved  the  existence  of  CO.,  in  venous  blood,  and  Holi'mann 
and  others  that  of  0  in  arterial  blood.  The  more  complete  conception  of  the  exchange  of 
gases  was,  however,  only  possible  after  Magnus  had  extracted  and  analysed  the  gases  of  arterial 
and  venous  blood  (§  36). 
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141.  THE  MOUTH  AND  ITS  GLANDS.— The  mucous  membrane  of  the  cavity  of  the  mouth, 
which  becomes  continuous  with  the  skin  at  the  red  margin  of  the  lips,  has  a  number  of  seba- 
ceous glands  in  the  region  of  the  red  part  of  the  lip.  The  buccal  mucous  membrane  consists 
of  bundles  of  fine  fibrous  tissue  mixed  with  elastic  fibres,  which  traverse  it  in  every  direction. 
Papillae — simple  or  compound — occur  near  the  free  surfaces.  The  sub-mucous  tissue,  which 
is  directly  continuous  with  the  fibrous  tissue  of  the  mucous  membrane  itself,  is  thickest  where 
the  mucous  membrane  is  thickest,  and  densest  where  it  is  firmly  fixed  to  the  periosteum  of  the 

bone  and  to  the  gum  ;  it  is  thinnest  where  the  mucous  membrane  is 
most  movable,  and  where  there  are  most  folds.  The  cavity  of  the 
mouth  is  lined  by  stratified  squamous  epitheliiun  (fig.  150),  which 
is  thickest,  as  a  rule,  where  the  longest  papilla?  occur. 

All  the  glands  of  the  mouth,  including  the  salivaxy  glands, 
may  be  divided  into  different  classes  according  to  the  nature 
of  their  secretions. 

1.  The  serous  or  albuminous  glands  [true  salivary], 
whose  secretion  contains  a  certain  amount  of  albumin,  e.g., 
the  human  parotid. 

2.  The  mucous  glands,  whose  secretion,  in  addition  to 
some  albumin  contains  the  characteristic  constituent  mucin. 

3.  The  mixed  [or  muco-salivary]  glands,  some  of  the 
Cells  of  stratified  squamous  acini  secreting  an  albuminous  fluid  and  others  mucin,  e.g.,  the 

epithelium  detached  from  human  maxillary  gland. 

the  mouth,    s,  salivary  n    j   „  ,  .  ,  ,       ,      ,  . 

corpuscles.  Numerous  mucous  glands  (labial,  buccal,  palatme,  lingual,  molar) 

have  the  appearance  of  small  macroscopic  bodies  lying  in  the  sub- 
mucosa.  They  are  branched  tubular  glands,  and  the  contents  of  their  secretory  cells  consist 
partly  of  mucin,  which  is  expelled  from  them  during  secretion.  The  excretory  ducts  of  these 
glands,  which  are  lined  by  cylindrical  epithelium,  are  constricted  where  they  enter  the  mouth. 
Kot  unfrequently  one  duct  receives  the  secretion  of  a  neighbouring  gland. 

The  glands  of  the  tongue  form  two  groups,  which  differ  morphologically  and  physiologically, 
fl)  The  mucous  glands  {Weber's  glands),  occurring  chiefly  near  the  root  of  the  tongue,  are 
branched  tubular  glands  lined  with  clear  transparent  secretory  cells  wdiose  nuclei  are  placed 
near  the  attached  end  of  the  cells.  The  acini  have  a  distinct  membrana  propria.  (2)  The 
serous  glands  {Ebncr's)  are  acinous  glands  occurring  in  the  region  of  the  circumvallate  papilhe 
(and  in  animals  near  the  papillic  foliatse).  They  are  lined  with  turbid  granular  epithelium  with 
a  central  nucleus,  and  secrete  saliva.  (3)  The  glands  of  Blandin  and  Nuhn  are  placed  near  the 
tip  of  the  tongue,  and  consist  of  mucous  and  serous  acini,  so  that  they  are  mixed  glands 


of  the 

(Podioisoizky) 


The  blood-vessels  are  moderately  abundant,  and  the  larger  trunks  lie  in  the  sub-mucosa 
whilst  the  finer  twigs  penetrate  into  the  papillae,  where  they  form  either  a  capillary  network  ' 


or 


simple  loops 

The  larger  lymphatics  lie  in  the  sub-mucosa,  whilst  the  finer  branches  form  a  fine  network 
placed  in  the  mucosa.  The  lymph-follicles  also  belong  to  the  lymphatic  system  (§197)  On 
the  dorsum  of  the  posterior  part  of  the  tongue  they  form  an  almost  continuous  layer  They  are 
round  or  oval  (1-1-5  mm.  in  diameter),  lying  in  the  sub-mucosa,  and  consist  of  adenoid  tissue 
loaded  with  lymph-corpuscles.    The  outer  part  of  the  adenoid  reticulum  is  compressed  so  as  to 
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form  a  kind  of  capsule  for  each  follicle.  Similar  follicles  occur  in  the  intestine  as  solitary 
follicles  ;  in  the  small  intestine  they  are  collected  together  into  Peyer's  patches,  and  in  the 
spleen  they  occur  as  Malpighian  corpuscles.  On  the  dorsum  of  the  tongue  several  of  these 
follicles  form  a  slightly  oval  elevation,  which  is  surrounded  by  connective-tissue.  In  the 
centre  of  this  elevation  there  is  a  depression, 


into  which  a  mucous  gland  opens,  which  fills 
the  small  crater  with  mucus  (fig.  151). 

The  tonsils  have  fundamentally  the  same 
structure.  On  their  surface  are  a  number  of 
depressions  into  which  the  ducts  of  small 
mucous  glands  open.  These  depressions  are 
surrounded  by  groups  (10-20)  of  lymph- 
follicles,  and  the  whole  is  environed  by  a 
capsule  of  connective-tissue  (fig.  152).  Large 
lymph-spaces,  communicating  with  lym- 
phatics, occur  in  the  neighbourhood  of  the 
tonsils,  but  as  yet  a  direct  connection  between 
the  spaces  in  the  follicles  and  the  lymph, 
vessels  has  not  been  proved  to  exist.  Similar 
structures  occur  in  the  tubal  and  pharyngeal 
tonsils.  [Stohr  asserts  that  an  enormous  num- 
ber of  leucocytes  wander  out  of  the  tonsils, 
solitary  and  Peyer's  glands,  and  the  adenoid 
tissue  of  the  bronchial  mucous  membrane. 
The  cells  pass  out  between  the  epithelial  cells, 
but  do  not  pass  into  the  interior  of  the  latter.  ] 


Closed 
follicle. 


Depression. 

Adenoid 
tissue. 


Epithelium. 


Closed 
follicles. 


Mucous 
gland. 


Mucous 
gland. 


Pig.  151. 

Section  of  a  mucous  follicle  from  the  tongue. 


Epithelium. 


Nerves.  — Numerous  mcdullated  nerve-fibres  occur  in  the  sub-mucosa,  pass  into  the  mucosa, 
and  terminate  partly  in  the  individual  papillre  in  Krause's  end-bulbs,  Avhich  are  most  abundant 
in  the  lips  and  soft  palate,  and  not  so  numerous  in  the  cheeks  and  floor  of  the  mouth.  The 
nerves  administer  not  only  to  common  sensation,  but  they  are  also  the  organs  of  transmissions 
for  tactile  (heat  and  pressure)  ^ — 

impressions.  It  is  highly 
probable,  however,  that  some 
nerve-fibres  end  in  fine  ter- 
minal fibrils,  between  the 
epithelial  cells,  as  in  the 
cornea  and  elsewhere. 

[Secretory  glands  may  be 
simple  (fig.  153,  B,  C,  D)  or 
compound  (E).  In  the  latter 
case  the  duct  is  branched. 
In  the  process  of  develop- 
ment, a  solid  process  of  the 
epithelium  sinks  into  the 
subjacent  fibrous  tissue,  and, 
to  form  a  simple  gland,  a 
cavity  appears  in  this  bud, 
but  for  a  compound  gland, 
other  epithelial  buds  sprout 
from  its  blind  end.  Each 
bud  acquires  a  central  cavity, 
these  elongate  and  increase 
in  number,  thus  forming  a 
much  branched  system,  the 
terminal  blind  ends  forming 
the  acini,  alveoli  or  true 
secretory  part.  If  the  alveoli 
are  tubular  in  shape,  the 
gland  is  called  a  compound 
tubular  gland. 


Fig.  152. 

Vertical  section  of  a  human  ton.sil,  x  20.  1,  cavity  ;  2,  epitheliimi 
infiltrated  with  leucocytes  below  and  on  the  left,  but  free  on  the 
right ;  3,  adenoid  tissue  with  sections  a,  b,  c,  of  masses  of  it ; 
4,  fibrous  sheath  ;  5,  section  of  a  gland-duct ;  d,  blood-vessel. 

Thus  m  the  compound  glands  some  parts  are  secretory,  and  others  act  as  ducts, 
while  in^the  simple  glands,  all  the  parts  may  be  secretory.  All  the  glands  opening  on  the  surface 
of  the  body  are  of  epiblastic  origin.  The  secretory  cells  lining  the  acini  rest  on  a  basement 
membrane,  and  outside  this  are  the  lymph-spaces  and  capillary  blood-vessels.] 

'  142.  THE  SALIVAEY  GLANDS.— The  three  pairs  of  salivary  glands,  sub-maxillary,  sub- 
lingual, and  parotid,  are  compound  tubular  glands.  Fig.  155,  A,  shows  a  fine  duct,  terminating 
in  the  more  or  less  flask-shaped  alveoli  or  acini.  [Each  gland  consists  of  a  number  of  lobes,  and 
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each  lobe  in  turn  of  a  mnuher  of  lobules,  which,  again,  are  composed  of  acini.  All  these  are  held 
together  by  a  framework  of  connective-tissue.  The  larger  branches  of  the  duct  lie  between  the 
lobules  and  constitute  the  interlobular  ducts,  giving  branches  to  each  lobule  which  they  enter, 

constituting  the  intralobular  ducts, 
which  branch  and  finally  terminate  in 
connection  with  the  alveoli,  by  means 
of  an  intermediary  or  intercalary  part. 
The  larger  interlobar  and  interlobular 
ducts  consist  of  a  membrana  propria, 
strengthened  outside  with  fibrous  and 
elastic  tissue,  and  in  some  places  also  by 
non-striped  muscle,  while  the  ducts  are 
lined  by  columnar  epithelial  cells.  In 
the  largest  branches,  there  is  a  second 
row  of  smaller  cells,  lying  between  the 
large  cells  and  the  membrana  propria. 


Fig. 


153. 


Fig. 


153. — Evolution  of  glands.   A,  schema  of  skin;  ep,  epidermis;  d,  cutis  with  a  capillary  c; 
B,  simple  gland  with  its  blood-vessels  ;  C,  D,  more  complex  glands  ;  E,  compound  gland, 
blood-vessels  omitted. 
Fig.  154. — Rodded  epithelium  lining  the  duct  of  a  salivary  gland. 


Fig.  155. 

A,  duct  and  acini  of  the  parotid  gland  of  a  dog  ;  B,  acini  of  the  sub-maxillary  gland  of  a  doo-  - 
c,  refractive  mucous  cells  ;  d,  granular  half-moons  of  Gianuzzi  ;  C,  similar  alveoli  after 
prolonged  secretion  ;  D,  basket-shaped  tissue-investment  of  an  acinus  ;  F,  entrance  of  a 
non-medullated  nerve-fibre  into  a  secretory  cell. 

The  intralobular  ducts  are  lined  by  a  single  layer  of  large  cylindrical  epithelium  with  the 
nucleus  about  the  middle  of  the  cell,  while  the  outer  half  of  the  cell  is  finely  striated  loneitud- 
inally  or  "rodded,"  which  is  due  to  fibrilke  (fig.  154);  the  inner  half  next  the  lumen  is 
granular  The  intermediary  part  is  narrow,  and  is  lined  by  a  single  layer  of  flattened  cells, 
each  with  an  elongated  oval  nucleus.  There  is  usually  a  narrow  "neck,"  where  the  intral 
lobular  duct  becomes  continuous  with  the  intermediary  part,  and  here  the  cells  are  polyhedral  1 
The  acini  or  alveoli,  are  the  parts  where  the  actual  process  of  secretion  takes  place  Thev 
vary  somewhat  in  shape— some  are  tubular,  others  branched,  some  are  dilated  and  resemble  a 
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Florence  flask,  and  several  of  them  usually  open  into  one  interniediiuy  part  of  a  duct.  Each 
alveolus  is  bounded  by  a  basement  membrane,  with  a  reticulate  structure  made  up  of  uucleatetl, 
branched,  and  anastomosing  cells  so  as  to  resemble  a  basket  (D).  There  is  a  homogeneous, 
membrane  bounding  the  alveoli  in  addition  to  this  basket-shaped  structure.  Immediately  out- 
side this  membrane  is  a  lymph-space,  and  outside  this  again  the  network  of  capillaries  is 
distributed.  [The  extent  to  which  tliis  lymph-sjiace  is  tilled  with  lymph  determines  the 
distance  of  the  capillaries  from  the  menibraua  propria.  The  interalveolar  lymph-spaces  com- 
municate with  large  lymph-spaces  between  the  lobules,  which  in  turn  connnunicate  with 
perivascular  lymphatics  around  the  arteries  and  veins.]  Tlie  lymphatics  emerge  from  the  gland 
at  the  hilum. 

The  secretory  cells  vary  in  structure,  according  as  tlie  salivary  gland  is  a  mucous 
[sub-masillary  and  sub-lingual  of  tlie  dog  and  cat],  a  serous  [parotid  of  man  and 
mammals,  and  sub-maxillary  of  rabbit],  or  a  mixed  gland  [liuman  sub-maxillary 
and  sub-lingual]. 

Mucoiis  Acini. — The  secretory  cells  of  mucous  glands,  and  the  mucous  acini  of  mixed  glands 
(fig.  156),  are  lined  by  a  single  layer  of  "  mucin  ceUs  "  (tig.  155,  B,  c),  which  are  large  cells  dis- 
tended with  mucin,  or  with  a  hypothetical 
substance,  mucigen,  which  yields  mucin.  The 
mucin  cells  are  more  or  less  spheroidal  in 
shape,  clear,  shining,  highly  refractive,  and 
nearly  till  the  acinus.  The  flattened  nucleus 
is  near  the  wall  of  the  acinus.  Each  cell  has  a 
fine  process  which  overlaps  the  fixed  parts  of 
the  cells  next  to  it.  Owing  to  the  body  of 
each  coll  being  infiltrated  with  mucin,  these 
cells  do  not  stain  with  carmine,  although  the 
nucleus  and  its  immediately  investing  proto- 
I)lasm  do.  Another  kind  of  cell  occurs  in  the 
.sub-maxillary  gland  of  the  dog.  It  forms  a 
half-moon-shaped  structure  lying  in  direct 
contact  with  the  wall  of  the  acinus  ((?t«7nt.;;i')- 
Each  "half-moon"  or  "crescent"  consists 
of  a  number  of  small,  closely  packed,  angu- 
lar, highly  albuminous  cells  with  small  oval 
nuclei,  which,  however,  are  sei)arated  only 
with  difiiculty.  Hence,  Heidonhain  has  called 
them  "composite  marginal  cells"  (B,  d). 
They  are  granular,  darker,  devoid  of  mucin, 
and  stain  readily  with  pigments.  [In  the 
.sub-maxillary  gland  of  the  cat,  there  is  a 
complete  layer  of  these  "marginal  "  carmine- 
staining  cells  lying  between  the  mucous  cells 
and  the  membrana  propria.] 

[Serous  Acini.  —  In  true  serous  glands 
(parotid  of  man  and  mammals)  and  in  the 
serous  acini  of  mixed  glands,  the  acini  are  lined  by  a  single  layer  of  secretory  columnar  finel}-- 
granular  cells,  which  in  the  quiescent  condition  completely  fill  the  acinus,  so  that  scarcely  any 
lumen  is  left.  Just  before  secr(;tion,  or  when  these  cells  are  quiescent,  Langley  has  shown  that 
they  are  large  and  filled  with  numerous  granules,  which  obscure  the  presence  of  the  nucleus. 
As  secretion  takes  place,  these  granules  seem  to  be  used  up  or  discharged  into  the  lumen  ;  at 
least,  the  outer  part  of  each  cell  gradually  becomes  clear  and  more  transparent,  and  this  con- 
dition spreads  towards  the  inner  part  of  the  cell.] 

[In  the  mixed  or  muco-salivary  glands  {e.g.,  human  sub-maxillary)  some  of  the  alveoli  are 
mucous  and  others  serous  in  tlieir  characters,  but  the  latter  are  always  far  more  numerous,  and 
the  one  kind  of  acinus  is  directly  continuous  with  the  others  (tig.  156).] 

143.  HISTOLOGICAL  CHANGES  DURING  THE  ACTIVITY  OF  THE 
SALIVARY  GLANDS. — [The  condition  of  physiological  activity  of  the  gland-cells 
is  accompanied  by  changes  in  the  histological  characters  of  the  secretory  cells. 
Changes  in  serous  glands  have  been  carefully  studied  in  the  parotid  of  the  rabbit, 
but  the  appearances  vary  somewhat,  according  as  the  glands  are  examined  in  the 
fresh  condition  or  after  hardening  in  various  reagents,  such  as  absolute  alcohol. 
When  the  gland  is  at  rest,  in  a  preparation  hardened  in  alcohol,  and  stained  with 
carmine,  the  cells  consist  of  a  pale,  almost  uncoloured  substance,  with  a  few  fine 

0 


Section  of  a  human  sub-maxillary  gland.  On 
the  left  is  a  group  of  serous  alveoli,  and  on  the 
right  a  group  of  mucous  alveoli. 
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granules,  and  a  small,  irregular,  red-stained,  shrivelled  nucleus  devoid  of  a  nucleolus. 
The  appearance  of  the  nucleus  suggests  the  idea  of  its  being  shrivelled  by  the 
action  of  the  hardening  reagent  (fig.  157.] 

[During  activity,  if  the  gland  be  caused  to  secrete  by  stimulating  the  sympa- 
thetic, all  parts  of  the  cells  undergo  a  change  (figs.  157,  158).  In  preparations 
hardened  in  alcohol — (1)  the  cells  diminish  somewhat  in  size  ;  (2)  the  nuclei 
are  no  longer  irregular,  but  round,  with  a  sharp  contour  and  nucleoli;  (3)  the  sub- 
stance of  the  cell  itself  is  turbid  owing  to  the  diminution  of  the  clear  substance, 
and  the  increase  of  the  granules,  especially  near  the  nuclei ;  (4)  at  the  same  time, 
the  whole  cell  stains  more  deeply  with  carmine  (Heidenhain).^ 

[On  studying  the  changes  which  occur  in  a  living  serous  gland,  Langley  found 
that  the  substance  of  the  cells  of  the  parotid  is  pervaded  by  fine  granules,  which 


Fig.  157.  Fig.  158. 


Sections  of  a  "serous"  gland.    The  parotid  of  a  rabbit,  fig.  157,  at  rest;  fig.  158,  after 

stimulation  of  tlie  cervical  sympathetic. 

are  so  numerous  as  to  obscure  the  nucleus,  while  the  outlines  of  the  cells  are  indis- 
tinct. No  lumen  is  visible  in  the  acini  during  activity,  the  granules  disappear 
from  the  outer  zone  of  the  cells,  the  cells  themselves  becoming  smaller  and  more 
distinct.  After  prolonged  secretion,  the  granules  largely  disappear  from  the  cell- 
substance  except  quite  near  the  inner  margin.  The  cells  are  smaller,  their  outlines 
more  distinct,  their  spherical  nuclei  apparent,  and  the  lumen  of  the  acini  is  wide 
and  distinct.  Thus,  it  is  evident  that,  during  rest,  granules  are  manufactured, 
which  disappear  during  the  activity  of  the  cells,  the  disappearance  taking  place 
from  without  inwards.    Similar  changes  occur  in  the  cells  of  the  pancreas.] 

[More  complex  changes  occur  in  the  mucous  glands,  such  as  the  sub-maxillary 
or  orbital  glands  of  the  dog  {Lavdovshy).  The  appearances  vary  according  to  the 
intensity  and  duration,  of  the  secretory  activity.  The  mucous  cells  at  rest  are  large, 
clear,  and  refractive,  containing  a  flattened  nucleus  (fig.  155,  C),  surrounded  with  a 
small  amount  of  protoplasm,  and  placed  near  the  basement  membrane.  The  clear 
substance  does  not  stain  with  carmine,  and  consists  of  mucigen  lying  in  the  wide 
.spaces  of  an  intracellular  plexus  of  fibrils.  After  prolonged  secretion,  produced, 
it  may  be,  by  strong  and  continued  stimulation  of  the  chorda,  the  mucous  cells  of 
the  sub-maxillary  gland  of  the  dog  undergo  a  great  change.]  The  distended,  re- 
fractive, and  "mucous  cells,"  which  occur  in  the  quiescent  gland,  and  which  do  not 
stain  with  carmine,  do  not  appear  after  the  gland  has  been  in  a  state  of  activity. 
Their  place  is  taken  by  small  dark  protoplasmic  cells  devoid  of  mucin  (fig.  155,  C). 
These  cells  readily  stain  with  carmine,  whilst  their  nucleus  is  scarcely,  if  at  all, 
coloured  by  the  dye.  The  researches  of  R.  Heidenhain  (1868)  have  shed  umch 
light  on  the  secretory  activity  of  the  salivary  glands. 

The  change  may  be  produced  in  two  ways.  Either  it  is  due  to  the  "  mucous  cells"  during 
secretion  becoming  broken  up,  so  that  they  yield  their  mucin  directly  to  the  saliva  ;  in  saliva  rich 
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m  mucin,  small  microscopic  pieces  of  mucin  are  found,  and  sometimes  mucous  cells  themselves 
are  present.  Or,  we  must  assume  that  the  nuieous  cells  simply  eliminate  the  mucin  from  their 
bodies  {Ewald,  StUhr) ;  while,  after  a  period  of  rest,  new  nmciu  is  formed.  According  to  this 
view,  the  dark  granular  cells  of  the  glands,  after  active  secretion,  are  simply  mucous  ceils,  which 
have  given  out  their  mucin.  If  we  assume,  with  Heidenhain,  that  the  mucous  cells  break  up,  then 
these  granular  non-mucous  cells  must  be  regarded  as  new  formations  produced  by  the  prolifera- 
tion and_ growth  of  the  composite  marginal  cells,  i.e.,  the  crescents,  or  half-moons  of  Gianuzzi. 

[During  rest,  the  protoplasm  seems  to  manufacture  mucigen,  which  is  changeci 
into  and  discharged  as  mucin  in  the  secretion,  when  the  gland  is  actively  secreting. 
Thus,  the  cells  become  smaller,  but  the  protoplasm  of  the  cell  seems  to  increase, 
new  mucigen  is  manufactured  during  rest,  and  the  cycle  is  repeated.] 

144.  THE  NERVES  OF  THE  SALIVARY  GLANDS.— The  nerves  are  for  the 
most  part  meduUated,  and  enter  at  the  hilum  of  the  gland,  where  they  form  a 
rich  plexus  provided  with  ganglia  between  the  lobules.  [There  are  no  ganglia  in 
the  parotid  gland  (A7em).] 

All  the  salivary  glands  are  supplied  by  branches  from  two  different  nerves — from 
the  sympathetic  and  from  a  cranial  nerve. 

1.  The  sympathetic  nerve  gives  branches  (a)  to  the  sub-maxillary  and  the  sub- 
lingual glands,  derived  from  the  plexus  on  the  external  maxillary  artery ;  (b)  to  the 
parotid  gland  from  the  carotid  plexus  (fig.  159). 


Scheme  of  the  nerves  of  the  salivary  glands.  P.,  pons  ;  M.O.,  medulla  oblongata  ;  J.N.,  nerve  of 
Jacobson  ;  0.,  S.M.,  I.M.,  oi)hthalmic,  superior,  and  inferior  maxillary  divisions  of  fifth 
nerve,  V.;  VII.,  seventh  nerve;  S.s.p.,  small  superficial  petrosal  nerve;  Vag.,  vagus; 
Sym.,  sympathetic  ;  O.G.,  otic,  and  S.G.,  submaxillary  ganglia  ;  P.,  S.,  and  S.L.,  parotid, 
submaxillary,  and  sublingual  glands  ;  T. ,  tongue. 

2.  The  facial  nerve  gives  branches  to  the  sub-maxillary  and  sub-lingual  glands  from 
the  chorda  tympani,  which  accompanies  the  lingual  branch  of  the  fifth  nerve  (fig.  159). 
The  branches  to  the  parotid  arise  from  the  tympanic  branch  of  the  glosso-pharyngeal 
nerve  (dog).  The  tympanic  plexus  sends  fibres  to  the  small  superficial  petrosal 
nerve,  and  with  it  these  fibres  run  to  the  anterior  surface  of  the  pyramid  in  the 
temporal  bone,  emerging  from  the  skull  through  a  fissure  between  the  petrous  and 
great  wing  of  the  sphenoid,  and  then  joining  the  otic  ganglion.  This  ganglion 
sends  branches  to  the  auriculo-temporal  nerve  (itself  derived  from  tlie  third  branch 
of  the  trigeminus),  which,  as  it  passes  upwards  to  the  temporal  region  under  cover 
of  the  parotid,  gives  branches  to  this  gland. 

The  sub -maxillary  ganglion,  which  gives  branches  to  the  sub-maxillary  and  sub- 
lingual glands,  receives  fibres  from  the  tympanico-lingual  nerve  (chorda  tympani) 
as  well  as  sympathetic  fibres  from  the  plexus  on  the  external  maxillary  artery. 

Termination  of  the  Nerve-Fibres. — With  regard  to  the  ultimate  distribution  of 
these  nerves  we  can  distinguish  (1)  the  vaso-motor  nerves,  which  give  branches  to 
the  walls  of  the  blood-vessels,  and  (2)  the  secretory  nerves  proper. 
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Pfliiger  states,  with  regard  to  tlie  latter,  that  (a)  medullated  nerve-fibres  penetrate  the  acini ; 
the  sheath  of  Schwann  unites  with  the  niembrana  propria  of  the  acinus  ;  the  medullated  fibre 
—still  medullated— passes  between  the  secretorj'  cells,  where  it  divides  and  becomes  non- 
niedullated,  and  its  axial  cylinder  terminates  in  connection  with  the  nucleus  of  a  secretory  cell. 
[This,  however,  is  not  proved]  (lig.  155,  F).  {b)  According  to  Pfliiger,  some  of  the  nerve-fibres  end 
in  multipolar  ganglion  cells,  which  lie  outside  the  wall  of  the  acinus,  and  these  cells  send 
branches  to  the  secretory  cells  of  the  acini.  [These  cells  probably  correspond  to  the  branched 
cells  of  the  basket-shaiied  structure.]  (c)  Again,  he  describes  medullated  fibres  which  enter  the 
attached  end  of  the  cylindrical  epithelium  lining  the  excretory  ducts  of  the  glands  (E).  Pfliiger 
thinks  that  those  fibres  entering  the  acini  directly  arc  cerebral,  while  those  with  ganglia  in  their 
course  are  derived  from  the  sympathetic  system,  [{d)  The  direct  tiirmination  of  nerve-fibres  has 
been  observed  in  the  salivary  glands  of  the  cockroach  by  Kupff'er.] 

145.  ACTION  OF  THE  NERVOUS  SYSTEM  ON  THE  SECRETION  OF 
SALIVA. — A.    Sub-maxillary  Gland. — Stimulation  of  the  facial  nerve  at  its 

origin  causes  a  profuse  secretion  of  a  thin  watery  saliva,  which  contains  a  very 
small  amount  of  specific  constituents.  Simultaneously  with  the  act  of  secretion,  the 
blood-vessels  of  the  glands  dilate,  and  the  capillaries  are  so  distended  that  the  pulsatile 
movement  in  the  arteries  is  propagated  into  the  veins.  Nearly  four  times  as  much 
blood  flows  out  of  the  veins  (CL  Bernard),  the  blood  being  of  a  bright  red  colour, 
and  containing  one-third  more  O  than  the  venous  blood  of  the  non-stimulated  gland. 
Notwithstanding  this  relatively  high  percentage  of  O,  the  secreting  gland  uses  more 
O  than  the  passive  gland  (§131,  1). 

[I.  Stimulation  of  Chorda. — If  a  cannula  be  placed  in  Wharton's  duct,  e.g.,  in 
a  dog,  and  the  chorda  tympani  be  divided,  no  secretion  flows  from  the  cannula. 
On  stimulating  the  2')erii)heral  end  of  the  chorda  tympani  with  an  interrupted 
current  of  electricity,  the  same  results— copious  secretion  of  saliva  and  vascular 
dilatation,  with  increased  flow  of  blood  through  the  gland — occur  as  when  the 
origin  of  the  seventh  nerve  itself  is  stimulated.  —The  watery  saliva  is  called  chorda 
saliva.] 

Two  functionally  different  kinds  of  nerve-tibres  occur  in  the  facial  nerve — (1) 
true  secretory  fibres,  (2)  vaso-dilator  fibres. 

II.  Stimulation  of  the  sympathetic  nerve  causes  a  scanty  amount  of  a  very 
thick,  sticky,  mucous  secretion,  in  which  the  specific  salivary  constituents,  mucin, 
and  the  salivary  corpuscles  are  very  abundant.  The  specific  gravity  of  the  saliva 
is  raised  from  1007  to  1010.  Simultaneously  the  blood-vessels  become  contracted, 
so  that  the  blood  fiows  more  slowly  from  the  veins,  and  has  a  dark  bluish  colour. 

The  sympathetic  also  contains  two  kinds  of  nerve-fibres — (1)  true  secretory 
fibres,  and  (2)  vaso-constrictor  fibres. 

[Electrical  Variations  during  Secretion.— That  changes  in  the  electromotive  properties  of 
glands  occur  during  secretion  was  shown  in  the  frog's  skin,  Bayliss  and  Bradford  find  that  the 
same  is  true  of  the  sub-maxillary  gland  (dog).  During  secretion,  the  excitatory  change  on 
stimulating  the  chorda  is  a  posUivc  variation  of  the  current  of  rest  (the  hilum  of  the  gland 
becoming  more  positive),  but  it  is  frequently  followed  by  a  second  phase  of  opposite  sign.  The 
latent  period  is  always  very  short,  about  0-37".  Atropin  abolishes  the  chorda  variation.  On 
stimulating  the  sympathetic,  the  excitatory  change  is  of  an  opposite  sign  to  that  of  the  chorda, 
and  the  hilum  becomes  less  positive,  so  that  there  is  a  negative  variation.  It  requires  a  more 
powerful  stimulus,  is  less  in  amount,  and  its  latent  period  is  longer  (2"-4"),  while  atropin  lessens 
but  does  not  abolish  it.] 

Eelation  to  Stimulus.— On  stimulating  the  cerebral  nerves,  at  first  with  a  weak  and  gradually 
with  a  stronger  stinuilus,  there  is  a  gradual  development  of  the  secretion  in  which  the  solid 
constituents— occasionally  the  organic— are  increased  (Hcidenhain).  If  a  strong  stimulus  be 
applied  for  a  long  time,  the  secretion  diminishes,  becomes  watery,  and  is  poor  in  specific  con- 
stituents,  especially  in  the  organic  elements,  which  are  more  afi'ected  than  the  inorc^anic  (0 
Ludwifi  and  Bechcr).  After  prolonged  stimulation  of  the  sympathetic,  the  secretion  resembles 
the  chorda  saliva.  It  would  seem,  therefore,  that  the  chorda  and  sympathetic  saliva  arc  not 
specifically  distinct,  hid  vary  only  in  degree.  On  continuing  the  stimulation  of  the  nerves  up  to 
a  certain  maximal  limit,  the  rapidity  of  secretion  becomes  greater,  and  the  percentacre  of  salts 
also  increases  to  a  certain  maximum,  and  this  independently  of  the  former  condition  of  the 
glands.  The  percentage  of  organic  constituents  also  depends  on  the  strength  of  the  nervous 
stimulation,  but  not  on  this  alone,  as  it  is  essentially  contingent  upon  the  condition  of  the  <'land 
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before  the  secretion  took  place,  and  it  also  depends  upon  the  duration  and  intensity  of  the 
previous  secretory  activity.  Very  strong  stimulation  of  the  gland  leaves  an  "  after-eilcct," 
which  predisposes  it  to  give  off  organic  constituents  into  the  secretion  {Heidcnhain).  A  latent 
period  of  1-2  sec.  to  24  sec.  may  elapse  between  the  nerve-stimulation  and  the  beginning  of  the 
secretion. 

[Langley  has  shown  that  in  the  cat  the  sympathetic  saliva  of  the  sub-maxillary  gland  is  less 
viscid  than  the  chorda  saliva.] 

Relation  to  Blood-Supply. — The  secretion  of  saliva  is  not  simply  tlie  result  of  the 
amount  of  blood  in  the  glands;  that  there  is  afactor  independent  of  the  changes  in 
the  state  of  the  vessels  is  shown  by  the  following  facts  : — 

_  (1)  The  secretory  activity  of  the  glands  when  their  nerves  are  stimulated  continues  for  some 
time  after  the  blood-vessels  of  the  gland  have  been  ligatured.  [If  the  head  of  a  rabbit  be  cut 
off,  stimulation  of  the  seventh  nerve,  above  wliere  the  chorda  leaves  it,  causes  a  flow  of  saliva, 
which  cannot  be  accounted  for  on  the  supposition  that  the  saliva  already  present  in  the  salivary 
glands  is  forced  out  of  them.  Thus  we  may  have  secretion  without  a  blood-stream.  The 
saliva  is  really  secreted  from  the  lymph  present  in  the  lymph-spaces  of  tlie  gland  {Ludwig).'] 

(2)  Atropin  and  daturin  abolish  the  activity  of  the  secretory  fibres  in  the  chorda 
tympani,  but  do  not  afiect'the  vaso-dilator  fibres  {Heidenhain).  The  same  results 
occur  after  the  injection  of  acids  and  alkalies  into  the  excretory  duct  (Gianuzzi). 

[Action  of  Atropin. — The  vascular  dilatation  and  the  increased  flow  of  saliva, 
due  to  the  activity  of  the  secretory  cells,  produced  by  stimulation  of  the  chorda 
tympani,  although  they  occur  simultaneously,  do  not  stand  in  the  relation  of  cause 
and  effect.  We  may  cause  vascular  dilatation  w-ithout  an  increased  flow  of  saliva, 
as  already  stated  (2).  If  atropin  be  given  to  an  animal,  stimulation  of  the  chorda 
produces  dilatation  of  the  blood-vessels,  but  no  secretion  of  saliva.  Atropin 
paralyses  the  secretory  fibres,  but  not  the  vaso-dilator  fibres  (fig.  160).  The 
increased  supply  of  blood,  while  not  causing,  yet  favours  the  act  of  secretion,  by 
placing  a  larger  amount  of  pabulum  at  the  disposal  of  the  secretory  elements,  the 
cells.] 

(3)  The  pressure  in  the  excretory  duct  of  the  salivary  gland — measured  by 
means  of  a  manometer  tied  into  it — may  be  nearly  ttvice  as  great  as  the  pressure 
within  the  arteries  of  the  glands,  or  even  in  the  carotid  itself  (Ludivig).  The 
pressure  in  Wharton's  duct  may  reach  200  mm.  Hg. 

[Secretory  Pressure. — The  experiment  described  under  (3)  proves,  in  a  definite 
manner,  that  the  passage  of  the  water  from  the  blood-vessels,  or  at  least  from  the 
lymph  into  the  acini  of  the  gland,  cannot  be  due  to  the  blood-pressure ;  that,  in 
fact,  it  is  not  a  mere  j)rocess  of  filtration^  such  as  occurs  in  the  glomeruli  of  the 
kidney.  In  the  case  of  the  salivary  gland,  where  the  pressure  within  the  gland 
may  be  double  that  of  the  arterial  pressure,  the  water  actually  moves  from  the 
lymph-spaces  against  very  great  resistance.  We  can  only  account  for  this  result 
by  ascribing  it  to  the  secretory  activity  of  the  gland-cells  themselves.  Whether 
the  activities  of  the  gland-cells,  as  suggested  by  Heidenhain,  are  governed  directly 
by  two  distinct  kinds  of  nerve-fibres,  a  set  of  solid-secreting  fibres,  and  a  set  of 
water-secreting  fibres,  remains  to  be  proved.] 

(4)  Just  as  in  the  case  of  muscles  and  nerves,  the  salivary  glands  become  fatigued  or 
exhausted  after  prolonged  action.  This  result  may  also  be  brought  about  by  injecting  acids  or 
alkalies  into  the  duct,  which  shows  that  the  secretory  activity  of  the  gland  is  independent  of 
the  circulation  {Gianuzzi). 

All  these  facts  lead  us  to  conclude  that  the  nerves  exercise  a  direct  effect  upon  the  secretory 
cells,  apart  from  their  action  on  the  blood-vessels. 

Extirpation  of  Salivary  Glands. — When  the  chorda  tympani  is  extirpated  on  one  side  in 
young  dogs,  the  sub-maxillary  gland  on  that  side  does  not  develop  so  much — its  weight  is  50 
per  cent,  less — while  the  mucous  cells  and  the  "  crescents  "  are  smaller  than  on  the  sound  side 
{Bufalini). 

During  secretion,  the  temperature  of  the  gland  rises  1-5°  C.  (Ludwig),  and  the 
blood  flowing  from  the  veins  is  often  warmer  than  the  arterial  blood.  [The  electro- 
motive changes  are  referred  to  at  p.  212.] 
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"Paralytic  Secretion  "  of  Saliva.— By  this  term  is  meant  the  continued  secre- 
tion of  a  thin  watery  saliva  from  the  sub-maxillary  gland,  which  occurs  twenty- 
four  hours  after  the  section  of  the  cerebral  nerves  (chorda  of  the  seventh),  i.e.,  those 
branches  of  them  that  go  to  this  gland,  whether  the  sympathetic  be  divided  or  not 
{CL  Bernard).  It  increases  until  the  eighth  day,  after  which  it  gradually  diminishes, 
while  the  gland-tissue  degenerates.  The  injection  of  a  small  quantity  of  curara 
into  the  artery  of  the  gland  also  causes  it. 

[Heidenliain  showed  that  section  of  one  chorda  is  followed  by  a  continuous  secretion  of  saliva 
from  both  sub-niaxillary  glands.  The  term  "paralytic"  secretion  is  applied  to  that  which 
takes  place  on  the  side  on  which  the  nerve  is  cut,  and  Langley  proposes  to  call  the  secretion  on 
the  opposite  side  the  antilytic.  ApncEa  (§  368)  stops  both  the  paralytic  and  antilytic  secretion, 
while  dyspncea  increases  the  flow  in  both  cases  ;  and  as  section  of  the  symi>athetic  fibres  to  the 
gland  (where  the  chorda  is  cut)  arrests  the  paralytic  secretion  excited  by  dyspncea,  it  is  evident 
tliat  both  the  paralytic  secretion  and  the  secretion  following  dyspna-a  are  caused  by  stimuli 
travelling  down  the  sympathetic  fibres.  In  the  later  stages  of  the  paralytic  secretion,  the  cause 
is  in  the  gland  itself,  for  it  goes  on  even  if  all  the  nerves  passing  to  the  gland  be  divided,  and 
is  probably  due  to  a  local  nerve-centre.  In  this  stage  the  secretion  is  arrested  by  a  large  dose  of 
chloroform.  The  paralytic  secretion,  in  the  first  stage,  may  be  owing  to  a  venous  condition  of 
the  blood  acting  on  a  central  secretory  centre  whose  excitability  is  increased  ;  and  in  the  latter 
stages  probably  on  local  nerve-centres  within  the  gland.  The  fibres  of  the  chorda  in  the  cat  are 
only  partially  degenerated  thirteen  days  after  section  {Langley).'\ 

[Histological  Changes. — In  the  gland  during  paralytic  secretion,  the  glandrcells  of  the  alveoli 
(serous,  mucous,  and  demilunes)  diminish  in  size  and  show  the  typical  "  resting  "  appeai'ance, 
even  to  a  greater  extent  than  the  normal  resting  gland  {Langley).'] 

B.  Sub-lingual  Gland.' — Very  probably  the  same  relations  obtain  as  in  the  sub- 
maxillary gland. 

C.  Parotid  Gland. — In  the  dog,  stimulation  of  the  sympathetic  alone  causes  no 
secretion ;  it  occurs  when  the  glosso-pharyngeal  branch  to  the  parotid  is  simul- 
taneously excited.  This  branch  may  be  reached  within  the  tympanum  in  the 
tympanic  plexus.  A  thick  secretion  containing  much  organic  matter  is  thereby  ob- 
tained. Stimulation  of  the  cerebral  branch  alone  yields  a  clear  thin  watery  secretion, 
containing  a  very  small  amount  of  organic  substances,  but  a  considerable  amount 
of  the  ^alts  of  the  saliva. 

[Stimulation  of  Jacobson's  Nerve  (Parotid  of  Dog) — 

Total  Solids.  Suits.         Organic  Matter. 

Without  sympathetic,       .       .       .       .       0-56%  0-31  0*24 

With  sympathetic,   2-42  7°  0*36  2-06] 

[Reflex  Secretion  of  Saliva.— If  a  cannula  be  placed  in  Wharton's  duct,  e.g.,  in  a 
dog,  during  fasting,  no  saliva  will  flow  out,  but  on  applying  a  sapid  substance  to  the 
Macous  Membrane  mucous  membrane  of  the  mouth  or 

the  tongue,"  there  is  a  copious  flow 
of  saliva.  If  the  sympathetic  nerve 
be  divided,  secretion  still  taikes  place 
when  the  mouth  is  stimulated,  but  if 
the  chorda  tympani  be  cut,  secretion 
no  longer  takes  place.  Hence,  the 
secretion  is  due  to  a  reflex  act ;  in 
this  case,  the  lingual  is  the  afferent, 
and  the  chorda  the  efferent  nerve 
carrying  impulses  from  a  centre 
situated  in  the  medulla  oblongata 
(fig.  160).]  In  the  intact  body,  the 
secretion  of  saliva  occurs  through  a 
reflex  stimulation  of  the  nerves  con- 
.  cerned,  whereby,  under  normal  cir- 

cumstances, the  secretion  is  always  watery  (chorda  or  facial  saliva).  The  centripetal 
or  afferent  nerve-fibres  concerned  are  :— (1)  The  nerves  of  taste.    (2)  The  sensory 
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branches  of  the  trigeminus  of  the  entire  cavity  of  the  mouth  and  the  glosso- 
pharyngeal (which  appear  to  be  capable  of  being  stimulated  by  mechanical  stimuli, 
pressure,  tension,  displacement).  The  movements  of  mastication  also  cause  a 
secretion  of  saliva.  Pfiiiger  found  that  one-third  more  saliva  was  secreted  on  the 
side  where  mastication  took  place  ;  and  CI.  Bernard  observed  that  the  secretion 
ceased  in  horses  during  the  act  of  drinking.  (3)  The  nerves  of  smell,  excited  by 
certain  odours,  (i)  The  gastric  branches  of  the  vagus.  A  rush  of  saliva  into  the 
mouth  usually  precedes  the  act  of  vomiting  (§  158). 

(5)  The  stimulation  of  distant  sensory  nerves,  e.g.,  the  central  eiul  of  the  sciatic— certainly 
through  a  complicated  reflex  mechanism — causes  a  secretion  of  saliva  [Oicajannikow  and 
Tschierjeiv).  Stimulation  of  the  conjunctiva,  e.g.,  by  a])plying  an  irritating  lluid  to  the  eye  of 
carnivorous  animals,  causes  a  reflex  secretion  of  saliva  {Aschcnbrundt).  Pcihaps  the  secretion 
of  saliva  which  sometimes  occurs  during  pregnancy  is  caused  in  a  similar  reflex  manner. 

(6)  The  movements  of  mastication  excite  secretion,  but  although,  during  the  act  of  rumination, 
this  is  the  case  in  ruminants,  in  whom  the  process  of  mastication  is  very  thorough,  there  is  no 
secretion  from  the  sub-maxillary  gland,  although  the  parotid  secretes  {Colin,  Ellcnhcrger  and 
Ilofmcister). 

The  reflex  centre  for  the  secretion  of  saliva  lies  in  the  medulla  oblongata,  at 
the  origin  of  the  seventh  and  ninth  cranial  nerves.  The  centre  for  the  sympa- 
thetic fibres  is  also  placed  here.  This  region  is  connected  by  nerve-fibres 
with  the  cerebrum ;  hence,  the  thought  of  a  savoury  morsel,  sometimes, 
when  one  is  hungry,  causes  a  rapid  secretion  of  a  thin  watery  fluid — [or,  as  we 
say,  "makes  the  mouth  water "].  If  the  centre  be  stimulated  directly  by  a 
mechanical  stimulus  (puncture),  salivation  occurs,  while  asphyxia  has  the  same 
effect.  The  reflex  secretion  of  saliva  may  be  inhibited,  by  stimulation  of  certain 
sensory  nerves,  e.g.,  by  pulling  out  a  loop  of  the  intestine.  Stimulation  of  the  cortex 
cerebri  of  a  dog,  near  the  sulcus  cruciatus,  is  often  follow^ed  by  secretion  of  saliva. 
Disease  of  the  brain  in  man  sometimes  causes  a  secretion  of  saliva,  owing  to  the 
effects  produced  on  the  intracranial  centre. 

So  long  as  there  is  no  stimulation  of  the  nerves,  there  is  no  secretion  of  saliva,  as 
in  sleep.  Immediately  after  the  section  of  all  nerves,  secretion  stops,  for  a  time 
at  least. 

Pathological  Conditions  and  Poisons. — Certain  affections,  as  inflammation  of  tne  mouth, 
neuralgia  ;  ulcers  of  the  mucous  membrane,  and  affections  of  the  gums,  due  to  teething  or  the 
prolonged  administration  of  mercury,  often  produce  a  copious  secretion  of  saliva  or  ptyalism. 
Certain  poisons  cause  the  same  effect  by  direct  stimulation  of  the  nerves,  as  Calabar  bean 
(physostigmin),  digitalin,  and  especially  pilocarpin.  Many  poisons,  especially  the  narcotics — 
above  all,  atropin — paralyse  the  secretoi-y  nerves,  so  that  there  is  a  cessation  of  the  seci'etion  and 
the  mouth  becomes  dry  ;  while  the  administration  of  muscarin  in  this  condition  causes  secretion. 
Pilocarpin  acts  on  the  chorda  tympani,  causing  a  profuse  secretion,  and  if  atropin  be  given,  the 
secretion  is  again  arrested.  Conversely,  if  the  secretion  be  arrested  by  atropin,  it  may  be 
restored  by  the  action  of  pilocarpin  or  physostigmin.  Nicotin,  in  small  doses,  excites  the 
secretory  nerves,  but  in  large  doses  paralyses  them.  Daturin,  cicutin,  and  iodide  of  aithylstrych- 
nin,  paralyse  the  chorda.  The  saliva  is  diminished  in  amount  in  man,  in  cases  of  2M7'alysis  of 
the  facial  or  sympathetic  nerves,  as  is  observed  in  unilateral  paralysis  of  these  nerves. 

[Sialogogues  are  those  drugs  which  increase  the  secretion  of  saliva.  Some  are  topical,  and 
take  eflect  when  applied  to  the  mouth.  They  excite  secretion  reflcxly  by  acting  on  the  sensory 
nerves  of  the  mouth.  They  include  acids,  and  various  pungent  bodies,  such  as  mustard,  ginger, 
pyrethrum,  tobacco,  ether,  and  chloroform  ;  but  they  do  not  all  produce  the  same  ell'ect  on  the 
amount  or  quality  of  the  saliva  ;  others,  the  general  sialogogues,  cause  salivation  when  intro- 
duced into  the  blood  ;  physostigmin,  nicotin,  pilocarpin,  muscarin.  The  drugs  named  act  after 
all  the  nerves  going  to  the  gland  are  divided,  so  that  they  stimulate  the  peripheral  ends  of  the 
nerves  in  the  glands.    The  two  former  also  excite  the  central  ends  of  the  secretory  nerves.] 

[Anti-sialics  are  those  substances  which  diminish  the  secretion  of  saliva,  and  they  may  take 
effect  upon  any  part  of  the  reflex  arc,  i.e.,  on  the  mouth,  the  afferent  nerves,  the  nerve-centre 
and  aflerent  nerves,  or  upon  the  blood-stream  through  the  glands,  or  on  the  glands  themselves. 
Opium  and  morphia  affect  the  centre,  large  doses  of  physostigmin  affect  the  blood-supply,  but 
atropin  is  the  most  powerful  of  all,  as  it  paralyses  the  terminations  of  the  secretory  nerves  in 
the  glands,  e.g.,  the  chorda  tympani,.  and  even  the  sympathetic  in  the  cat  (but  not  in  the 
dog).]  . 


2l6 


THE  PAROTID  SALIVA. 


[Excretion  by  the  Saliva.— Some  drugs  are  excreted  by  the  saliva.  Iodide  of  potassium  is 
rapidly  eliminated  by  the  kidneys,  and  by  the  salivary  glands,  and  so  also  is  iodide  of 

^^°Theory  of  Salivary  Secretion.— Heidenhain  has  recently  formulated  the  following  theory 
regarding  the  secretion  of  saliva  :— "During  the  passive  or  quiescent  condition  of  the  gland, 
the  organic  materials  of  the  secretion  are  formed  from  and  by  the  activity  of  the  protoplasm  of 
the  secretory  cells.  A  quiescent  cell,  which  has  been  inactive  for  some  time,  therefore  contains 
little  protoplasm,  and  a  large  amount  of  these  secretory  substances.  In  an  actively  secreting 
gland,  there  are  two  processes  occurring  together,  but  independent  of  each  other,  and  regulated 
by  two  diH'crent  classes  of  nerve-fibres  ;  secretory  fibres  cause  the  act  of  secretion,  while  trophic 
fibres  cause  chemical  processes  within  the  cells,  partly  resulting  in  the  formation  of  the  soluble 
constituents  of  the  secretion,  and  partly  in  the  growth  of  the  protoplasm.  According  to  the 
number  of  both  kinds  of  fibres  present  in  a  nerve  passing  to  a  gland,  such  nerve  being  stimu- 
lated, the  secretion  takes  place  more  rapidly  (cerebral  nerve)  or  more  slowly  (sympathetic), 
while  the  secretion  contains  less  or  more  solid  constituents.  The  cerebral  nerves  contain  many 
secretory  fibres  and  few  trophic  fibres,  while  the  sympathetic  contain  more  trophic  but  few 
secretory  fibres.  The  rapidity  and  chemical  composition  of  the  secretion  vary  according  to  the 
strength  of  the  stimulus.  During  continued  secretion,  the  supply  of  secretory  materials  in  the 
gland-cells  is  used  up  more  rapidly  than  it  is  replaced  by  the  activity  of  the  protoplasm  ;  hence, 
the  amount  of  organic  constituents  diminishes,  and  the  microscopic  characters  of  the  cells  are 
altered.  The  microscopic  characters  of  the  cells  are  altered  also  by  the  increase  of  the  pro- 
toplasm, which  takes  place  in  an  active  gland.  The  mucous  cells  disappear,  and  seem  to  be 
dissolved  after  prolonged  secretion,  and  their  place  is  taken  hy  other  cells  derived  from  the  ])ro- 
liferation  of  the  marginal  cells.  The  energy  which  causes  the  current  of  fluid  depends  upon  the 
protoplasm  of  the  gland-cells," 

146.  THE  SALIVA  OF  THE  INDIVIDUAL  GLANDS.— (a)  Parotid  saliva 

is  obtained  by  placing  a  fine  cannula  in  Steno's  duct;  it  Las  an  alkaline  reaction,  but 
during  fasting,  the  first  few  drops  may  be  neutral  or  even  acid  on  account  of  free 
CO2 ;  its  specific  gravity  is  1003  to  1004.  After  standing  it  becomes  turbid, 
and  deposits,  in  addition  to  albuminous  matter,  calcium  carbonate,  which  is  present 
in  the  fresh  saliva  in  the  form  of  bicarbonate.  It  contains  small  quantities  (more 
abundant  in  the  horse)  of  a  globulin-like  body,  and  never  seems  to  be  without 
CNKS,  i.e.,  sulphocyanide  of  potassium  (or  sodium), — which,  however,  is  absent  in 
the  sheep  and  dog. 

[The  sulphocyanide  gives  a  dark  red  colour  (ferric  sulphocyanide)  with  ferric  chloride,  and  the 
colour  is  discharged  by  mercuric  chloride,  but  this  is  not  the  case  with  meconic  acid,  which 
gives  a  similar  colour-reaction.]  It  also  reduces  iodic  acid  when  added  to  .saliva,  causing  a 
yellow  colour  from  the  liberation  of  iodine,  which  may  be  detected  at  once  by  starch  {Solera). 

Amongst  the  organic  substances  the  most  important  are  ptyalin,  a  small  amount 

of  iirea,  and  traces  of  a  volatile  acid.    Mucin  is  absent,  hence  the  parotid  saliva  is 

not  sticky,  and  can  readily  be  poured  from  one  vessel  into  another.    It  contains  1  b 

to  1*6  per  cent,  of  solids  in  man,  of  which  0'3  to  1"0  per  cent,  is  inorganic. 

Of  the  inorganic  constituents — the  most  abundant  are  potassium  and  sodium  chlorides  ;  then 
potassium,  sodium,  and  calcium  carbonates,  some  phosphates,  and  a  trace  of  an  alkaline 
.sulj)hate. 

_  Salivary  calculi  are  formed  in  the  ducts  of  the  salivary  glands  owing  to  the  deposition  of 
lime-salts,  and  they  contain  only  traces  of  the  other  salivary  constituents  ;  in  the  same  way  is 
formed  the  tartar  of  the  teeth,  which  contains  many  threads  of  leptothrix,  and  the  remains  of 
low  organisms  which  live  in  decomposing  saliva  in  carious  cavities  between  the  teeth. 

{h)  Sub-maxillary  saliva  is  obtained  by  placing  a  cannula  in  Wharton's  duct ; 
it  is  alkaline,  and  may  be  strongly  so.    After  standing  for  a  time,  fine  crystals  of 
calcium  carbonate  are  deposited,  together  with  an  amorphous  albuminous  body. 
It  always  contains  mucin  (which  is  precipitated  by  acetic  acid) ;  hence,  it  is  usually 
somewhat  tenacious.    It  contains  ptyalin,  but  in  less  amount  than  in  parotid 
saliva ;  and,  according  to  Oehl,  only  0-0036  per  cent,  of  potassium  sulphocyanide. 
Chemical  Composition.— Sub-maxillary  saliva  (dog) : 
Water,      .       991-45  per  1000, 
Organic  Matter,    2  -89 


Inorganic  Matter,  5-66  \  f  ?^  J?fn'"^  f'^^'^'  1 

I   1-16  CaCOj,  Calcium  and  Magnesium  phosphates. 
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Mixed  Saliva                    Parotid  Submaxillary 

(numan)                      (Huniaii)  (l)"?) 

r,,^  ,                                                       (Jactiboiritsclt).  (lloppe-Seyler).  (llerter). 

[^^••^ter,  99-51                    99.32  99-44 

Solids,     .       .        .       .        ,       .         0-49                      0-68  0-5t> 


Soluljle  organic  bodies  (ptyalin),      .  0-13   |  ^  „  -  J  0'066 

Epithelium,  mucin,  ....  0-16   \  \  O'l? 

Inorganic  salts,        ....  0-102  0*34  0*43 

Potassic  sulphocyanide,    .       .       .  0-006  0-03 

Potassic  and  sodic  chlorides,     .       .  0-084  ...  •••  ] 

Gases.— Pfliiger  found  that  100  cubic  centimetres  of  the  saliva  contained  0-6  0;  64-7  CO2 
(part  could  be  pumped  out,  and  part  required  the  addition  of  phosphoric  acid) ;  0-8  N.  ;  or,  in 
100  vol.  gas,  0-91  O  ;  97-88  CO.^  ;  1-21  N.  [It  therefore  contains  much  more  CO.^  than  venous 
blood.  Kiilz  obtained  from  100  c.c.  of  human  saliva  7  c.c.  of  gas— 0  =  1  c.c,  N  =  2-5  c.c.  and 
C02  =  3-5  c.c.    Besides  this  there  is  40-60  c.c.  of  lixcd  COj^  in  the  form  of  carbonates.] 

(c)  Sub-lingual  saliva  is  obtained  by  placing  a  very  fine  cannula  in  the 
ductus  Rivinianus;  it  is  strongly  alkaline  in  reaction,  very  sticky  and  cohesive, 
contains  much  mucin,  numerous  salivary  corpuscles,  and  some  potassium  sulpho- 
cyanide. 

147.  THE  MIXED  SALIVA  IN  THE  MOUTH.— The  mixed  saliva  in  the 

mouth  is  a  mixture  of  the  secretions  from  the  salivary,  mucous,  and  other  glands  of 
the  mouth. 

(1)  Physical  Characters. — It  is  an  opalescent,  tasteless,  odourless,  slightly 
glairy  fluid,  with  a  specific  gravity  of  lOO-t  to  1009,  and  an  alkaline  reaction.  The 
amount  secreted  in  twenty-four  hours  =  200  to  1500  grammes  (7  to  50  oz.); 
according  to  Bidder  and  Schmidt,  however,  =  1000  to  2000  grammes.  The  solid 
constituents  =  5-8  per  1000. 

Composition. — The  solids  are  : — Epithelium  and  mucus,  2*2  ;  ptyalin  and  albumin,  1"4  ;  salts, 
2 '2;  potassium  sulphocyanide,  0*04  per  1000.  The  ash  contains  chiefly  potash,  phosphoric 
acid,  and  chlorine  {Hamvierbiicher). 

Decomposition-products  of  epithelium,  salivary  corpuscles,  or  the  remains  of  food,  may  render 
it  acid  temporarily,  as  after  long  fasting,  and  after  much  speaking ;  the  reaction  is  acid  in  some 
cases  of  dyspepsia  and  in  fever,  owing  to  the  stagnation  and  insufficient  secretion. 

(2)  Microscopic  Constituents. — (a)  The  salivary  corpuscles  are  slightly  larger 
than  the  white  blood-corpuscles  (8  to  11  /x.),  and  are  nucleated  protoplasmic  globular 
cells  without  an  envelope  (fig.  150,  s).  During  their  living  condition,  the  particles 
in  their  interior  exhibit  molecular  or  Brov^^nian  movement.  The  dark  granules 
lying  in  the  protoplasm  are  thrown  into  a  trembling  movement,  from  the  motion  of 
the  fluid  in  which  they  are  suspended.  This  dancing  motion  stops  when  the  cell 
dies. 

[The  Brownian  movements  of  these  suspended  granules  are  purely  physical,  and  are  exhibited 
by  all  fine  microscopic  particles  suspended  in  a  limpid  fluid,  e.g.,  gamboge  rubbed  up  in  water, 
particles  of  carmine,  charcoal,  &c.] 

(i)  Pavement  epithelial  cells  from  the  mucous  membrane  of  the  mouth  and  tongue  ;  they 
are  very  abundant  in  catarrh  of  the  mouth  (fig.  150). 

(c)  Living  organisms,  which  live  and  thrive  in  the  cavities  of  teeth,  nourished  by  the  remains 
of  food.  Amongst  these  are  Leptothrix  buccalis  (fig.  149,  12)  .and  small  bactcria-like  organisms. 
The  threads  of  the  leptothrix  penetrate  into  the  canals  of  the  dentine,  and  produce  dental  caries. 
[Miller  has  found  twenty-five  varieties  of  micro-organisms,  including  cocci,  bacteria,  vibrios, 
spirilla,  and  spirochfctit;,  eight  of  them  present  in  the  stomach  and  twelve  in  the  intestines.] 

(3)  Chemical  Properties. — (a)  Organic  Constituents. — Serum-albumin  is  preci- 
pitated by  heat  and  by  the  addition  of  alcohol.  In  saliva,  mixed  with  much  water 
and  shaken  up  with  CO2,  a  glolmlin-like  body  is  precipitated  ;  mucin  occurs  in  small 
amount.  Amongst  the  extractives,  the  most  important  is  ptyalin ;  fats  and  urea 
occur  only  in  traces.  In  twenty-four  hours  130  milligrammes  of  potassium  or 
sodium  sulphocyanide  are  secreted. 

{h)  Inorganic  Constituents. — Sodium  and  potassium  chlorides,  potassium 
sulphate,  alkaline  and  earthy  phosphates,  ferric  phosphate. 
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According  to  Schbnljein,  the  saliva  contains  traces  of  nitrites,  (detected  by  adding  dilute 
sulphuric  acid  and  diamido-beuzol  to  dilute  saliva),  which  give  a  yellow  colour  {Gries).  ihere 
are  also  traces  of  ammonia  {Bruckc).  j 

Abnormal  ConstituentB.— In  diabetes  mellitus,  lactic  acid,  derived  from  a  further  .decomposi- 
tion of  grape-sugar,  is  found.  It  dissolves  the  lime  in  the  teeth,  giving  rise  to  diabetic  dental 
•caries.  Frerichs  found  Icudn,  and  Vulpian  increase  of  albumin  in  albuminuria.  Of  foreign 
substances  taken  into  the  body,  the  following  appear  iu  the  saliva  :— Mercuiy,  potassium, 
iodine,  and  bromine. 

Saliva  of  New-Bom  Children. — In  new-born  children,  the  parotid  alone  contains 
ptyalin.  The  diastatic  ferment  seems  to  be  developed  in  the  sub-maxillary  gland 
and  pancreas,  at  the  earliest  after  two  months.  Hence,  it  is  not  advisable  to  give 
starchy  food  to  infants.  No  ptyalin  has  been  found  in  the  saliva  of  infants  suffer- 
ing from  thrush  (Oidium  albicans — Ziveifel).  The  diastatic  action  of  saliva  is  not 
absolutely  necessary  for  the  suckling,  feeding  as  it  does  upon  milk.  The  mouth 
during  the  first  two  months  is  not  moist,  but  at  a  later  period  saliva  is  copiously 
secreted  {Koroioin)  ;  after  the  first  six  months,  the  salivary  glands  increase  con- 
siderably. The  eruption  of  the  teeth — owing  to  the  irritation  of  the  mucous 
membrane — produces  a  copious  secretion  of  saliva. 

148.  PHYSIOLOGICAL  ACTION  OF  SALIVA.— I.  Diastatic  Action.— The 
most  important  chemical  action  exerted  by  saliva  in  digestion  is  its  diastatic  or 
amylolytic  action  [Leuchii,  1831),  i.e.,  the  transformation  of  starch  into  de-ctrin  and 
some  form  of  sugar.  This  is  due  to  the  ptyalin. — a  hydrolytic  ferment  or  enzym 
— which,  even  when  it  is  present  in  very  minute  quantity,  causes  starch  to  take  up 
water  and  become  soluble,  the  ferment  itself  undergoing  no  essential  change  in  the 
process.  [Ptyalin  belongs  to  the  group  of  unorganised  ferments  (§  250,  9),  Like 
all  other  ferments  it  acts  only  within  a  certain  range  of  temperature,  being  most 
active  about  40°  C.  Its  energy  is  permanently  destroyed  by  boiling.  Its  acts  best 
in  a  slightly  alkaline  or  neutral  medium.] , 

[Action  on  Starch. — Starch-grains  consist  of  granulose  or  starch  enclosed  by 
coats  of  cellulose.  Cellulose  does  not  appear  to  be  affected  by  saliva,  so  that  saliva 
acts  but  slowly  on  raw  unboiled  starch.  If  the  starch  be  boiled,  so  as  to  swell  up 
the  starch-grains,  and  rupture  the  cellulose  envelopes,  the  amylolytic  action  takes 
place  rapidly.  If  starch-paste  or  starch-mucilage,  made  by  boiling  starch  in  water^ 
be  acted  upon  by  saliva,  especially  at  the  temperature  of  the  body,  the  first  physical 
change  observable  is  the  liquefaction  of  the  paste,  the  mixture  becoming  more  fluid 
and  transparent.  The  change  takes  place  in  a  few  minutes.  When  the  action  is 
continued,  important  chemical  changes  occur.] 

According  to  O'SuUivan,  Musculus,  and  v.  Mering,  the  diastatic  ferment  of  saliva 
(and  of  the  pancreas),  by  .acting  upon  starch  or  glycogen,  forms  dextrin,  and  maltose 
(both  soluble  in  water).  Several  closely  allied  varieties  of  dextrin,  distinguishable 
by  their  colour-reactions,  seem  to  be  produced  (Brilcke).  Erythrodextrin  is 
formed  first,  it  gives  a  red  colour  with  iodine  ;  then  a  reducing  dextrin— achroo- 
dextrin,  which,  gives  no  colour-reaction  with  iodine.  The  sugar  formed  by  the 
action  of  ptyalin  upon  starch  is  maltose  {0^2^22^-^^  +  H2O),  which  is  distinguished 
from  grape-sugar  (C12H24OJ2)  by  containing  one  molecule  less  of  water,  which,  how- 
ever, it  holds  as  a  molecule  of  water  of  hydration.  [Maltose  also  differs  from  grape- 
sugar  in  its  greater  rotatory  power  on  polarised  light,  the  former  =  +  1.50°,  theUatter 
+  56°,  the  ratio  being  61  :  100  ;  and  in  its  smaller  power  of  reducing  cupric  oxide. 
Thus,  between  the  original  starch  and  the  final  product,  maltose,  several  interme- 
diate bodies  are  formed.  The  starch  gives  a  blue  with  iodine,  but  after  it  has  been 
acted  on  for  a  time  it  gives  a  red  or  violet  colour,  indicating  the  presence  of  ery- 
throdextrin, there  being  a  simultaneous  production  of  sugar  ;  but  ultimately  no 
colour  is  obtained  on  adding  iodine — achroodextrin,  which  gives  no  colour  with 
iodine,  maltose  being  formed.  The  presence  of  the  maltose  is  easily  determined 
by  testing  with  Fehling's  solution.] 
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[Brown  and  Heron  suggest  that  the  final  result  of  the  transformation  may  be  re- 
presented by  the  equation — 

10(Ci2H,oOio)  +  SR,0  =  8(Ci2H,,OiO  +  2{C,.,U.,,0,,) 

Soluble  starch.        Water.  Miiltdse.  Achroode.xtriii. 

The  ferment  slowly  changes  maltose  into  grape-sugar  or  dextrose.  This  result 
may  be  brought  about  much  more  rapidly  by  boiling  maltose  with  dilute  sulphuric 
or  hydrochloric  acid.]  Achroodextrin  ultimately  passes  into  maltose,  and  this 
again  into  dextrose  ;  the  other  form  of  dextrin  does  not  seem  to  undergo  this  change 
(Seegen's  Dystropodextrin).  For  the  further  changes  that  maltose  undergoes  in 
the  intestine,  see  §  183,  II.  2. 

_  [The  formula  of  starch  is  usually  expressed  as  CeHjoOj,  but  the  researches  already  men- 
tioned, and  those  of  Brown  and  Heron,  make  it  probable  that  it  is  more  complex,  whicli  we 
may  provisionally  represent  by  n{C-^.M..oQi„l  According  to  Muscuhis  and  Meyer,  erythrodextrin 
is  a  mixture  of  dextrin  and  soluble  starch.] 

Preparation  of  Ptyalin.— (1)  Like  all  other  hydrolytic  ferments,  it  is  carried  down  with  any 
copious  precipitate  that  is  produced  in  the  fluid  which  contains  it,  and  it  can  be  isolated  from 
the  precipitate.  The  saliva  is  acidulated  with  phosphoric  acid,  lime-water  is  added  until  the 
reaction  becomes  alkaline,  when  a  precipitate  of  the  basic  calcium  phosphate  occurs,  which 
carries  the  ptyalin  along  with  it.  This  precipitate  is  collected  on  a  filter,  washed  with  water, 
which  dissolves  the  ptyalin,  and  from  its  watery  solution  it  is  precipitated  by  alcohol  as  a  white 
powder.    It  is  redissolved  in  water  and  reprecipitated,  and  is  obtained  pure  {Cohnheim). 

(2)  Glycerine  or  v.  Wittich's  Method.— The  salivary  glands  [rat]  are  chopped  up,  placed  in 
absolute  alcohol  for  twenty-four  hours,  taken  out  aud  dried,  and  afterwards  placed  in  glycerine 
for  several  days,  which  extracts,  the  ptyalin.  It  is  precipitated  by  alcohol  from  the  glycerine 
extract.  '  . 

(3)  William  Roberts  recommends  the  following  solutions  for  extracting  ferments  from  organs 
which  contain  them  :— (1)  A  3  to  4  per  cent,  solution  of  a  mixture  of  2  parts  of  boracic  acid  and  1 
part  borax.    (2)  Water,  with  12  to  15  per  cent,  of  alcohol.    (3)  1  part  chloroform  to  200  of  water. 

Diastatic  Action  of  Saliva. — (a)  The  diastatic  or  siigar-forming  action  is  known  by — (1) 
The  disappearance  of  the  starch.  When  a  small  quantity  of  starch  is  boiled  with  several 
hundred  times  its  volume  of  water,  starch-mucilage  is  obtained,  which  strikes  a  blue  colour 
with  iodine.  If  to  a  small  quantity  of  this  starch  a  siifficient  amount  of  saliva  be  added,  aud 
the  mixture  kept  for  some  time  at  the  temperature  of  the  body,  the  blue  colour  disappears,  (2) 
The  presence  of  sugar  is  proved  directly  by  using  the  tests  for  sugar  (§  149). 

(6)  The  action  takes  place  more  slowly  in  the  cold  than  at  the  temperature  of  the  body — its 
action  is  enfeebled  at  55°  C. ,  and  destroyed  at  75°  C.  {Paschutin).  The  most  favourable 
temperature  is  35°  to  39°  C. 

(c)  The  ptyalin  itself  does  not  seem  to"  be  changed  during'  its  action,  but  ptyalin  which  has 
been  used  for  one  experiment  is  less  active  when  used  the  second  time  {Paschutm). 

Ptyalin  differs  from  diastase — the  ferment  in  germinating  grains — in  so  far  that  the  latter 
first  begins  to  act  at  -)-  66"  C.  Ptyalin  decomposes  salicin  into  saligenin  and  grape-sugar 
{Frerichs  and  Stddler). 

(d)  Saliva  acts  best  in  an  exactly  neutral  medium,  but  it  also  acts  in  an  alkaline  and  even  in  a 
slightly  acid  fluid;  strong  acidity  prevents  its  action.  The  ptyalin  is  only  active  in  the  stomach 
when  the  acidity  is  due  to  orr/anic  acids  (lactic  or  butyric),  and  not  when  free  hydrochloric  acid 
is  present  {van  de  Velde).  In  both  cases,  however,  dextrin  is  formed.  Ptyalin  is  destroyed  by 
hydrochloric  acid  or  digestion  by  pepsin  {Chittenden  and  Griswold,  Langley).  Even  butyric 
and  lactic  acids  formed  from  grape-sugar  in  the  stomach  may  prevent  its  action  ;  but  if  the 
acidity  be  neutralised,  the  action  is  resumed  {CI.  Bernard). 

{e)  The  addition  of  common  salt,  ammonium  chloride,  or  sodium  sulphate  (4  per  cent.  soIut 
tion),  increases  the  activity  of  the  ptyalin,  and  CO2,  acetate  of  quinine,  strychnia,  morphia, 
curara,  0'025  per  cent,  sulphuric  acid,  have  the  same  effect. 

(/)  Much  alcohol  and  caustic  potash  destroy  the  ptyalin  ;  long  exposure  to  the  air  weakens 
its  action,  sodium  carbonate  and  magnesium  sulphate  delay  the  action  {Pfeiffer).  Salicylic 
acid  and  much  atropin  arrest  the  formation  of  sugar. 

{g)  Ptyalin  acts  very  feebly  and  very  gradually  upon  raw  starch,  only  after  2  to  3  hours 
{Schiff)  ;  while  upon  boiled  starch  it  acts  rapidly,  [Hence  the  necessity  for  boiling  thoroughly 
all  starchy  foods.] 

{h)  The  various  kinds  of  starch  are  changed  more  or  less  rapidly  according  to  the  amount  of 
cellulose  which  they  contain  ;  raw  potato  starch  after  2  to  3  hours,  raw  maize  starcli  after  2  to 
3  minutes  {Hanmmrsten)  ;  wheat  starch  more  quickly  than  that  of  rice.  When  the  starches 
are  powdered  and  boiled,  they  are  changed"  with  equal  rapidity. 

{i)  A  mixture  of  the  saliva  from  all  the  glands  is  more  active  than  the  saliva  from  any  single 
gland  {Jakubowitsch),  while  mucin  is  inactive. 
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TESTS  FOK  SUGAE. 


[Effect  of  Tea.— Tea  has  an  intensely  inhibitory  effect  on  salivary  digestion,  which  is  due  to 
the  lar^'e  (luantity  of  tannin  contained  in  the  tea-leaf.  Coffee  and  cocoa  have  only  a  slight 
effect  on  salivary  digestion.  The  only  way  to  mitigate  the  inhibitory  effect  of  tea  on  salivary 
digestion  is  "not  to  sip  the  beverage  witli  the  meal,  but  to  eat  first  and  drink  afterwards' 
llioberts).] 

II.  Saliva  dissolves  those  substances  which  are  soluble  in  water ;  while  the  alka- 
line reaction  enables  it  to  dissolve  some  substances  which  are  not  soluble  in  water 
alone,  but  require  the  presence  of  an  alkali. 

III.  Saliva  moistens  dry  food  and  aids  the  formation  of  the  "bolus,"  while  by 
its  mucin  it  helps  the  act  of  swallowing,  the  mucin  being  given  off  unchanged  in  the 
fseces.    The  ultimate  fate  of  ptyalin  is  unknown. 

[IV.  Saliva  also  aids  articulation,  while  according  to  Liebig  it  carries  down  into 
the  stomach  small  quantities  of  O.] 

[V.  It  is  necessary  to  the  sense  of  taste  to  dissolve  sapid  substances,  and  bring 
them  into  relation  with  the  end-organs  of  the  nerves  of  taste.] 

Saliva  has  no  action  on  proteids  or  on  fats. 

The  presence  of  a  peptone-forming  ferment  has  recently  been  detected  in  saliva  {Hiifner, 
Muni',  KUhne).    [Perfectly  healthy  human  saliva  has  no  poisonous  properties.] 

149.  TESTS  FOR  SUGAR.— 1.  Trommer's  test  depends  upon  the  fact  that,  in 
alkaline  solutions,  sugar  acts  as  a  reducing  agent ;  in  this  case  a  metallic  oxide  is 
changed  into  a  suboxide.  To  the  fluid  to  be  investigated,  add  ^  of  its  volume  of 
a  solution  of  caustic  potash  (soda),  specific  gravity  1-25,  and  a  few  drops  of  a  weak 
solution  of  cupric  sulphate,  which  causes  at  first  a  bluish  precipitate,  consisting  of 
hydrated  cupric  oxide,  but  it  is  redissolved,  giving  a  clear  blue  fluid,  if  sugar  be 
present.  Heat  the  upper  stratum  of  the  fluid,  and  a  yellow  or  red  ring  of  cuprous 
oxide  is  obtained,  which  indicates  the  presence  of  S'Ugar  ;  2CuO  —  O  =  CugO. 

The  solution  of  hydrated  cupric  oxide  is  caused  by  other  organic  substances  ;  but  the  final 
stage,  or  the  production  of  cuprous  oxide,  is  obtained  only  with  certain  sugars — gi-ape-,  fruit-, 
and  milk-  (but  not  cane-)  sugar.  Fluids  which  are  turbid  must  be  previously  filtered,  and  if 
they  are  highly  coloured,  they  must  be  treated  with  basic  lead  acetate  ;  the  lead  acetate  is  after- 
wards removed  by  the  addition  of  sodium  phosphate  and  subsequent  filtration.  If  very  small 
quantities  of  sugar  are  present  along  with  compounds  of  ammonia,  a  yellow  colour  instead  of  a 
yellow  precipitate  may  be  obtained.  In  doing  the  test,  care  must  be  taken  not  to  add  too  much 
cupric  sulphate. 

[2.  Fehling's  Solution  is  an  alkaline  solution  of  potassio-tartarate  of  copper. 
Boil  a  small  quantity  of  the  deep-blue-coloured  Fehling's  solution  in  a  test-tube, 
and  add  to  the  boiling  test  a  few  drops  of  the  fluid  supposed  to  contain  the  sugar. 
If  sugar  be  present,  the  copper  solution  is  reduced,  giving  a  yellow  or  reddish  pre- 
cipitate. The  reason  for  boiling  the  test  itself  is,  that  the  solution  is  apt  to 
decompose  when  kept  for  some  time,  when  it  is  precipitated  by  heat  alone.  This 
is  one  of  the  best  and  most  reliable  tests  for  the  presence  of  sugar.  In  Pavy's 
modification  of  this  test,  ammonia  is  used  instead  of  a  caustic  alkali  (§  267).] 

(3)  Bottger's  Test. —Alkaline  bismuth  oxide  solution  is  best  prepared,  according  to  Nylander, 
as  follows  :— 2  grms.  bismuth  subnitrate,  4  grnis.  potassic  and  sodic  tartarate,  100  grms. 
caustic  soda  of  8  per  cent.  Add  1  c.c.  to  every  10  c.c.  of  the  fluid  to  be  investigated.  When 
boiled  for  several  minutes,  the  sugar  causes  the  reduction  and  deposits  a  black  precipitate  of 
metallic  bismuth.  [According  to  Salkowski  the  urine  of  a  person  taking  rhubarb  gives  the 
same  reaction  with  this  test.] 

(4)  Moore  and  Heller's  Test.— Caustic  potash  or  soda  is  added  until  the  mixture  is  strongly 
alkaline  ;  it  is  afterwards  boiled.  If  sugar  be  present,  a  yellow,  brown,  or  brownish -black  colom- 
tion  18  obtained.  If  nitric  acid  be  added,  the  odour  of  burned  sugar  (caramel)  and  formic  acid 
is  obtained. 

(5)  Mulder  and  Neubauer's  Test.— A  solution  of  itidigo-carmine,  rendered  alkaline  with  sodic 
carbonate,  is  added  to  the  sugar  solution  until  a  slight  bluish  colour  is  obtained.  When  the 
mixture  is  heated,  the  colour  passes  into  purple,  red,  and  yellow.  When  shaken  with  atmo- 
spheric air,  the  fluid  again  becomes  blue. 

Molisch's  Test.— To  5  c.cm.  of  the  fluid  add  2  drops  of  a  17  per  cent,  alcoholic  solution 
of  a--naphthol,  or  a  solution  of  thymol.    Add  1  to  2  c.cm.  of  concentrated  sulphuric  acid 
and  shake  the  mixture.    The  presence  of  sugar  colours  the  a-naphthol  mixture  deep  violet' 
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the  thymol  deep  red.  The  subsequent  addition  of  water  causes  a  precipitate  of  similar  colour, 
winch  IS  insoluble  in  concentrated  hydrochloric  acid.  Albumin,  casein,  and  peptone  give  the 
same  reaction  {Sccgcn),  but  the  deposit  on  the  addition  of  water  is  soluble  in  concentrated 
hydrochloric  acid. 

Other  tests  are  described  in  §  266. 

In  all  cases  where  albumin  is  present  it  must  be  removed— in  urine  by  acidulating  with  acetic 
aeul  and  boiling  ;  in  blood,  by  adding  four  times  its  volume  of  alcohol  and  afterwards  tilteriug, 
while  the  alcohol  is  expelled  by  heat. 

150.  QUANTITATIVE  ESTIMATION  OF  SUGAE.— I.  By  Fermentation.— In  the  glass 
vessel  (fig._  161,  a)  a  measured  quantity  (20  c.cm.)  of  the  fluid  (sugar)  is  placed  along  with  some 
yeast,  while  h  contains  concentrated  sulphuric  acid.  The 
whole  apparatus  is  then  weighed.  When  exposed  to  a  suffi- 
cient temperature  (10"  to  40°  C),  the  sugar  splits  into  2 
molecules  of  alcohol  and  2  of  carbon  dioxide, 

C,,H,.06  =  2(aH«0)  +  2(C0.,), 
Grape-sugar  =    2  alcohol    +  2  carbon  dioxide ; 

and  in  addition  there  are  formed  traces  of  glycerine  and  suc- 
cinic acid.  The  CO.,  escapes  from  h,  and  as  it  passes  through 
the  H0SO4,  the  CO.  yields  to  the  latter  its  water.  The 
apparatus  is  weighed  after  two  days,  when  the  reaction  is 
ended,  and  the  amount  of  sugar  is  calculated  from  the  loss  of 
weight  in  the  20  c.cm.  of  fluid.   100  parts  of  water-free  sugar 


Apparatus  for  the 
estimation  of  sv 
mentation. 


quantitative 
gar  by  fer- 


=  48-89  parts  CO^,  or  100  parts  CO'^  correspond  to  204^54 
parts  of  sugar. 

II.  Titration.  —By  means  of  Fehling's  solution,  which  is  made  of  such  a  strength  that  all  the 
copper  in  10  cubic  centimetres  of  the  solution  is  reduced  by  0-05  grammes  of  grape-sugar 
(§  267).  _  _  J'  «  ^    i  o 

III.  Circumpolarisation. — The  saccharimeter  of  Soleil-Ventzke  may  be  used  to  determine  the 
amount  of  sugar  present.  It  may  also  be  nSed  for  the  quantitative  estimation  of  albumin. 
Sugar  rotates  the  ray  of  polarised  light  to  the  right  and  albumin  to  the  left.  The  amount  of 
rotation,  or  "specific  rotatory  power,"  is  directly  proportional  to  the  amount  of  the  rotating 
substance  present  in  the  solution,  so  that  the  amount  of  rotation  of  the  ray  indicates  the  amount 
of  the  substance  present.  By  the  term  "specific  rotatory  power"  is  meant  the  degree  of 
rotation  which  is  produced  by  1  grm.  of  the  substance  dissolved  in  1  c.cm.  of  water,  when 
examined  in  a  layer  1  decimeter  thick.  For  yellow  light  the  specific  rotation  of  grape-sugar  is 
-f-56°. 

In  fig.  162  the  light  from  the  lamp  falls  upon  a  crystal  of  calc-spar.  Two  Nicol's  prisms  are 
placed  at  v  and  s,  v  is  movable  round  the  axis  of  vision,  while  s  is  fixed.  In  ?)i  Soleil's  double 
plate  of  quartz  is  placed,  so  that  one-half  of  it  rotates  the  ray  of  polarised  light  as  much  to  the 
right  as  the  other  rotates  it  to  the  left.  In  n  the  field  of  vision  is  covered  by  a  plate  of  lefi- 
rotatory  quartz.  At  6  c  is  the  compensator,  composed  of  two  right-rotatory  prisms  of  quartz, 
which  can  be  displaced  laterally  by  the  milled  head,  g,  so  that  the  polarisied  light  passing 
through  the  apparatus  can  be  made  to  pass  through  a  thicker  or  thinner  layer  of  quartz.  When 
these  right-rotatory  prisms  are  placed  in  a  certain  position,  the  rotation  of  the  left-rotatory 
quartz  at  n  is  exactly  neutralised.  In  this  position  the  scale  on  the  compensator  has  its  nonius 
exactly  at  0,  and  both  halves  of  the  double  plate  at  m  appear  to  have  the  same  colour  to  the 
observer,  who  from  v  looks  through  the  telescope  placed  at  e.  Rotate  the  Nicol's  prism  at  v 
until  a  bright  rose-coloured  field  is  obtained.  In  this  position  the  telescope  must  be  so  adjusted 
that  the  vertical  line  bounding  the  two  halves  shall  be  distinctly  visible.  The  apparatus  is  now 
ready  for  use. 

Fill  a  tube,  1  decimetre  in  length,  with  urine  containing  sugar  or  albumin,  the  urine  being 
perfectly  clear.  The  tube  is  placed  between  m  and  n.  By  rotating  the  Nicol's  prisms,  v,  the 
rose-colour  is  again  obtained.  The  compensator  at  g  is  then  rotated  until  both  halves  of  the 
field  of  vision  have  exactly  the  same  colour.  When  this  is  obtained,  reail  off  on  the  scale  the 
number  of  degrees  the  nonius  is  displaced  to  the  right  (sugar)  or  to  the  left  (albumin)  from  zero. 
The  number  of  degrees  indicates  directly  the  number  of  grammes  of  the  rotating  substance 
present  in  100  c.c.  of  the  fluid.  If  the  fluid  is  very  dark  coloured,  it  must  be  decolourised  by 
filtering  it  through  animal  charcoal  (Seegen),  [or  the  colouring  matter  may  be  preciptated  by  the 
addition  of  lead  acetate.]  If  the  sugary  urine  contains  albumin,  the  latter  must  be  removed  by 
boiling  and  filtration.  A  turbidity  not  removed  by  filtration  may  be  got  rid  of  by  adding  a  drop 
of  acetic  acid  or  several  drops  of  sodic  carbonate  or  milk  of  lime,  and  afterwards  filtering.  [One 
may  also  employ  the  apparatus  of  Mitscherlich ,  or  the  "  half-shadow  apparatus"  of  Laurent.] 

151.  MECHANISM  OF  THE  DIGESTIVE  APPARATUS.— This  embraces 
the  following  acts  : — 
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INTEODUCTION  OF  THE  FOOD. 


1.  The  introduction  and  mastication  of  the  food;  the  movements  of  the  tongue ; 

insalivation  ;  formation  of  the  bolus  of  food. 

2.  Deglutition. 

3.  The  movements  of  the  stomach,  small  and  large  intestine. 

4.  The  excretion  of  faacal  matters. 

152.  INTRODUCTION  OF  THE  FOOD.— Fluids  are  taken  into  the  mouth  in 
three  ways  : — (1)  By  suction,  the  lips  are  applied  air-tight  to  the  vessel  containing 
the  fluid,  while  the  tongue  is  retracted  (the  lower  jaw  being  often  depressed)  and 


Fig.  162, 

Soldi- Veutzke's  polarisation  apparatus, 
acts  like  the  piston  in  a  suction-pump,  thus  causing  the  fluid  to  enter  the  mouth. 
Herz  found  that  the  negative  pressure  caused  by  an  infant  while  sucking  =  3  to  10 
mm.  Hg.  (2)  The  fluid  is  lapped  when  it  is  brought  into  direct  contacl;  with  the 
hps,  and  is  raised  by  aspiration  and  mixed  with  air  so  as  to  produce  a  characteristic 
.sound  m  the  mouth.  (3)  Fluid  may  be  poured  into  the  mouth,  and  as  a  general 
rule  the  lips  are  applied  closely  to  the  vessel  containing  the  fluid. 
;  Solids,  when  they  consist  of  small  particles,  are  Hcked  up  with  the  lips  aided  bv 
the  movements  of  the  tongue.    In  the  case  of  large  masses,  a  part  is  bitten  off  with 
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the  incisor  teeth,  and  is  afterwards  brought  under  the  action  of  the  molar  teeth  by 
means  of  the  lips,  cheeks,  and  tongue. 

153 .  MASTICATION.  — The  articulation  of  the  jaw  is  provided  with  an  iuterarticular  cartilage 
—the  meniscus—which  prevents  direct  pressure  being  made  upon  the  articular  surface  when  the 
jaws  are  energetically  closed,  and  which  also  divides  the  joint  into  two  cavities,  one  lying  over 
the  other.  The  capsule  is  so  lax  that,  in  addition  to  the  raising  and  depressing  of  the  lower 
jaw,  it  permits  of  the  lower  jaw  being  displaced  forwards,  whereby  the  meniscus  moves  with  it, 
and  covers  the  articular  surface. 

The  process  of  mastication  embraces  : — (a)  The  elevation  of  the  jaw,  accom- 
plished by  the  combined  action  of  the  Temporal,  Masseter,  and  Internal  Pterygoid 
Muscles.  If  the  lower  jaw  was  previously  so  far  depressed  that  its  articular  surface 
rested  upon  the  tubercle,  it  now  passes  backwards  upon  the  articular  surface. 

(b)  The  depression  of  the  lower  jaw  is  caused  by  its  own  weight,  aided  by  the 

action  of  the  anterior  bellies  of  the  Digastrics,  the  Mylo-  and  Genio-hyoid  and 

Platysma.    The  muscles  act  especially  during  forcible  opening  of  the  mouth.  The 

necessary  fixation  of  the  hyoid  bone  is  obtained  through  the  action  of  the  Omo-  and 

Sterno-hyoid,  and  by  the  Sterno-thyroid  and  Thyro-hyoid. 

AVhen  the  articular  surface  of  the  lower  jaw  passes  forwards  on  to  the  tubercle,  the  External 
Pterygoids  actively  aid  in  producing  this  {Btrcml). 

(c)  Displacement  of  the  Articular  Surfaces. — During  rest,  when  the  mouth  is 
closed,  the  incisor  teeth  of  the  lower  jaw  are  within  the  arch  of  the  upper  incisors. 
When  in  this  position  the  jaw  is  protruded  by  the  External  Pterygoids,  whereby  the 
articular  surface  passes  on  to  the  tubercle  (and,  therefore,  downwards),  while  the  lateral 
teeth  are  thereby  separated  from  each  other.  The  jaw  is  retracted  by  the  Internal 
Pterygoids  without  any  aid  from  the  posterior  fibres  of  the  Temporals.  When  one 
articular  surface  is  carried  forwards,  the  jaw  is  protruded  and  retracted  by  the  Exter- 
nal and  Internal  Pterygoid  of  the  same  side.  At  the  same  time,  there  is  a  transverse 
movement,  whereby  the  back  teeth  of  the  protruded  side  are  separated* from  each  other. 

During  mastication,  the  individual  movements  of  the  lower  jaw  are  variously  com- 
bined, and  especially  with  lateral  grinding  movements,  while  the  food  to  be  masticated 
is  kept  from  passing  outwards  by  the  action  of  the  muscles  of  the  lips  (Orbicularis 
oris)  and  the  Buccinators,  while  the  tongue  continually  pushes  the  particles  between 
the  molar  teeth.  The  energy  of  the  muscles  of  mastication  is  regulated  by  the 
sensibility  of  the  teeth,  and  the  muscular  sensibility  of  the  muscles  of  mastication, 
as  well  as  by  the  general  sensibility  of  the  mucous  membrane  of  the  mouth  and 
lips.  At  the  same  time,  the  mass  is  mixed  with  saliva,  the  divided  particles  cohere, 
and  are  formed  into  a  mass  or  bolus,  of  a  long,  oval  shape,  by  the  muscles  of  the 
tongue.    The  bolus  then  rests  on  the  back  of  the  tongue,  ready  to  be  swallowed. 

Nerves  of  Mastication. — The  muscles  of  mastication  receive  their  motor  nerves  from  the  tliird 
branch  of  the  trigeminus,  the  mylo-hyoid  and  tlie  anterior  belly  of  the  digastric  being  supplied 
from  the  same  source.  The  genio-,  omo-,  and  sterno-hyoid,  sterno-thyroid,  and  tliyro-hyoid 
are  supplied  by  the  hypoglossal,  while  the  facial  supplies  the  posterior  belly  of  the  digastric,  the 
stylo-liyoid,  the  platysma,  the  buccinator,  and  the  muscles  of  the  lips.  The  general  centre  for 
the  muscles  of  mastication  lies  in  the  rnedulla  oblongata  (§  367). 

When  the  mouth  is  closed,  the  jaws  are  kept  in  contact  by  the  pressure  of  the  air,  as  the 
cavity  of  the  mouth  is  i-endered  free  from  air,  and  the  entrance  of  air  is  prevented  anteriorly 
by  the  lips,  and  posteriorly  by  the  soft  palate.  The  pressure  exerted  by  the  air  is  from  2  to  4 
mm.  Hg.  {Metzgcr  and  Dondcrs). 

[Effect  on  the  Circulation.— Marey  found  that  mastication  trebled  the  velocity  of  the  blood- 
current  in  the  carotid  (horse),  while  Frangois  Frank  observed  that  the  circulation  of  the  brain 
{in  man)  is  increased  ;  hence  it  is  evident  that  mastication  implies  an  increased  supply  of  blood 
to  the  nerve-centres.] 

154.  STRUCTtJKE  AND  DEVELOPMENT  OF  THE  TEETH.  —A  tooth  is  just  a  papilla  of  the 
mucous  membrane  of  the  gum,  which  has  undergone  a  characteristic  development.  In  its  simplest 
form,  as  in  the  teeth  of  the  lamprey,  the  connective-tissue  basis  of  the  [lapilla  is  covered  with 
many  layers  of  corneous  epithelium.  In  human  teeth,  part  of  tire  papilla  is  transformed  into  a 
layer  of  calcified  dentine,  while  the  epithelium  of  the  papilla  produces  the  enamel,  the  fang  of 
the  tooth  being  covered  by  a  thin  accessory  layer  of  bone,  the  crusta  petrosa  or  cement. 
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The  dentine  or  ivory  which  surrounds  the  pulp-cavity  and  the  canal  of  the  fang  (fig.  163)  is 

very  iirni,  elastic,  and  brittle.  Dentine,  like  the  matrix 
of  bone,  when  treated  in  a  certain  way,  presents  a  fibrillar 
structure.    It  is  permeated  by  innumerable  long,  tortuous, 
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Fig.  163.  Fig.  164, 

163. —  Longitudinal  section  of  an  incisor  tooth 


Fig.  164. — Transverse  section  of  dentine. 


The  light  rings  are  the  walls  of  the  dentinal  tubules ;  the  dark  centres  with  the  light  points 
are  the  fibres  of  Tomes  lying  in  the  tubules.    Fig.  165. — Interglobular  spaces  in  dentine. 

wavy  tubes — the  dentinal  tubules — each  of  which  communicates  with  the  pulp-cavity  by  means 
of  a  fine  opening,  and  passes  more  or  less  horizontally  outwards  as  far  as  the  outer  layers  of  the 

dentine.  The  tubules  are  bounded  by 
an  extremely  resistant,  thin,  cuticular 
membrane,  which  strongly  resists  the 


chemical 


reagents. 


These 


Fig.  166. 


Fig.  167. 


Fig.  166.— Section  of  a  tooth  between  the  dentine  and  enamel,  a,  enamel  ;  c,  dentinal  tubules  ; 
B,  enamel  prisms  highly  magnified  ;  C,  transverse  sections  of  enamel  prisms.  Fig.  167  — 
Transverse  section  of  the  fang,  a,  cement  with  bone-corpuscles  ;  b,  dentine  with  tubules  • 
c,  boundary  between  both,  ' 

tubules  are  filled  completely  by  soft  fibres,  the  "fibres  of  Tomes,"  which  are  merely  greatly 
elongated  and  brauched  processes  of  the  odontoblasts  of  the  pulp. 
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The  dentinal  tubules,  as  well  as  the  libres  of  Tomes,  anastomose  throughout  tlieir  entire  extent 
by  means  of  line  processes.  As  the  libres  approacli  the  enamel,  which  they  do  not  penetrate, 
some  of  them  bend  on  themselves,  and  form  a  loop  (lig.  1(56,  c),  whilst  others  i)ass  into  the 
"interglobular  spaces  "  (tig.  165)  which  are  so  abundant  in  the  outer  part  of  the  dentine.  The 
interglobular  spaces  are  small  spaces  bounded  by  curved  surfaces.  Certain  curved  lines, 
"  Schreger's  lines,"  may  be  detected  with  the  naked  eye  in  the  dentine  {e.g.,  of  the  elephant's 
tusk)  running  parallel  with  the  contour  of  the  tootli.  They  are  caused  by  the  fact  that  at  these 
parts  all  tlie  chief  curves  in  the  dentinal  tubules  follow  a  similar  course. 

The  enamel,  the  hardest  substance  in  the  body  (resembling  apatite),  covers  the  crown  of  the 
teeth.  It  consists  of  hexagonal  flattened  prisms  arranged  side  by  side  like  a  palisade  (fig.  166, 
B  and  C).  They  are  3  to  5  ;a  (nnyVT)  i"ch)  broad,  not  quite  uniform  in  thickness,  curved 
slightly  in  different  directions,  and,  owing  to  iiieciualities  of  thickness,  thev  exhibit  transverse 
markings.  They  are  elongated,  calcified,  cyUndrical,  epithelial  cells.  Retzius  described  dark 
brown  lines  running  parallel  with  the  outer  boundary  of  the  enamel,  due  to  the  presence  of 
pigment  (fig.  163).  The  fully  formed  enamel  is  negatively  doubly  refractive  and  uniaxial,  while 
the  developing  enamel  is  positively  doubly  refractive  {Uoppc-Seijlcr). 

The  cuticula  or  Nasmyth's  membrane  covers  the  free  surface  of  the  enamel  as  a  completely 
structureless  membrane  1  to  2  ^  thick,  but  in  quite  young  teeth  it  exhibits  an  epithelial  struc- 
ture, and  is  derived  from  tlie  outer  epithelial  layer  of  the  enamel  organ. 

The  cement  or  crusta  petrosa  is  a  thin  laver  of  bone  covering  the  fang  (fig.  167,  a).  The 
bone  lacunaj  comnuinicate  directly  with  the  dental  tubules  of  thellang.  Haversian  canals  and 
lamellre  are  only  found  where  the  layer  of  cement  is  thick,  and  the  former  may  communicate 
with  the  pulp-cavity.  Very  thin  layers  of  cement  may  be  devoid  of  bone-corpuscles.  Sharpey's 
fibres  occur  in  the  cement  of  the  dog's  tootli  ;  while  in  the  horse's  tooth  single  bone-corpuscles 
are  developed  by  a  capsule.  In  the  periodontal  membrane,  which  is  just  the  iieriosteum  of  the 
alveolus,  coils  of  blood-vessels  similar  to  the  renal  glomeruli  occur.  They  anastomose  with  each 
other,  and  are  surrounded  by  a  delicate  capsule  of  connective-tissue. 

Chemistry  of  a  Tooth.— the  teetli  consist  of  a  gelatine-yielding  matrix  infiltrated  with  cal- 
cium phosphate  and  carbonate  (like  bone).  (1)  The  dentine  contains — organic  matter,  27 '70  ; 
calcium  phosphate  and  carbonate,  72-06  ;  magnesium  phosphate,  0*75  ;  with  traces  of  iron, 
fluorine,  and  sulphuric  acid. 

(2)  The  enamel  contains  an  organic  proteid  matrix  allied  to  the  substance  of  epithelium.  It 
consists  of  3 '60  organic  matter  and  96*00  of  calcium  phosphate  and  carbonate,  1"05  magnesium 
phosphate,  with  traces  of  calcium  fluoride  and  an  insoluble  chlorine  compound. 

(3)  The  cement  is  identical  with  bone. 

The  pulp  in  a  fully-grown  tooth  represents  the  remainder  of  the  dental  papilla  around  which 
the  dentine  was  deposited.  It  consists  of  a  very  vascular  indistinctly  fibrillar  connective-tissue, 
laden  with  cells.  The  layers  of  cells,  resembling  epithelium,  which  lie  in  direct  contact  with 
the  dentine,  are  called  odontoblasts,  i.e.,  those  cells  which  build  up  the  dentine.  These  cells 
send  off  long  branched  processes  into  the  dentinal  tubules,  whilst  their  nucleated  bodies  lie 
on  the  surface  of  the  pulp,  and  form  connections  by  processes  with  other  cells  of  the  pulp  and 
with  neighbouring  odontoblasts.  Numerous  non-medullated  nerve-fibres  (sensory  from  the 
trigeminus),  whose  mode  of  termination  is  unknown,  occur  in  the  pulp. 

The  periosteum  or  periodontal  membrane  of  the  fang  is,  at  the  same  time,  the  alveolar  peri- 
osteum, and  consists  of  connective-tissue  with  elastic  fibres  and  many  nerves. 

The  gums  are  devoid  of  mucous  glands,  very  vascular,  and  often  provided  with  long  vascular 
papillre,  which  are  sometimes  compound. 

Development  of  a  Tooth. — It  begins  at  the  end  of  the  second  month  of  fojtal  life.  Along  the 
whole  length  of  the  foital  gum  is  a  thick  projecting  bridge  (fig.  168,  a)  composed  of  many  layers 
of  epithelium.  A  depression,  the  dental  groove,  also  filled  witli  epithelium,  occurs  in  the  gum, 
and  runs  along  under  the  ridge.  The  dental  groove  becomes  deeper  tliroughout  its  entire  length, 
and  on  transverse  section  presents  tlie  appearance  of  a  dilated  flask  {h),  while  at  the  same  time 
it  is  filled  with  elongated  epithelial  cells,  which  form  the  "enamel  organ."  A  conical  papilla, 
the  "dentine  germ,"  grows  uj)  from  the  mucous  tissue,  of  which  the  gum  consists,  towards  the 
enamel  organ  (fig.  169,  c),  so  that  the  apex  of  the  papilla  comes  to  have  the  enamel  organ  resting 
upon  it  like  a  double  cap.  Afterwards,  owing  to  the  development  of  connective-tissue,  the  parts 
of  the  enamel  organ  lying  between  and  uniting  the  individual  dentine  germs,  disappear,  and 
gradually  the  connective-tissue  forms  a  tooth-sac  enclosing  the  papilla  and  its  enamel  organ  [d). 

Those  epithelial  cells  (fig.  169,  3)  of  the  enamel  organ,  which  lie  next  the  top  of  the  papilla, 
are  cylindrical,  and  become  calcified  to  form  enamel  prisms.  The  layer  of  cells  of  the 
double  cap,  which  is  directed  towards  the  tooth-sac  (1),  becomes  flattened,  fuses,  undergoes  a 
horny  transformation,  and  becomes  the  cuticula,  whilst  the  cells  which  lie  between  both  layers 
undergo  an  intermediate  metamorphosis,  so  that  they  come  to  resemble  the  branched  stellate 
cells  of  the  mucous  tissue  (2),  and  gradually  disappear  altogether. 

The  dentine  is  formed  in  the  most  superficial  layer  of  the  projecting  connective-tissue  of  the 
dental  papilla,  owing  to  the  calcification  of  the  continuous  layer  of  odontoblasts  which  occur 
there  (figs.  169  and  170,  k).    During  the  process,  fibres  or  branches  of  these  cells  are  left 
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unaffected,  and  remain  as  the  fibres  of  Tomes.  Exactly  the  same  process  occurs  as  in  the 
formation  of  bone,  the  odontoblasts  forming  around  themselves  a  calcified  matrix.  Ihe  cement 
is  fonuptl  from  the  soft  connective-tissue  of  the  dental  alveolus.  . 

Dentition.— During  the  development  of  the  first  temporary  or  milk-teeth  a  special  enarnel 
organ  (fi"-.  169,  c)  is  formed  near  these,  but  it  does  not  undergo  development  until  the  nnlk- 
teeth  are  shed  ;  even  the  papilla  is  wanting  at  first.    When  the  permanent  tooth  begins  to 


Fig. 


169. 


Fig.  170. 


Fig.  168.  Fig. 
168. — a,  Dental  ridge  ;  h,  enamel  organ  ;  c,  beginning  of  the  dentine  germ  ;  d,  first  indication 
of  the  tooth-sac.  Fig.  169. — a,  Dental  ridge  ;  h,  enamel  organ  with  (1)  outer  epithelium, 
(2)  middle  stellate  layer,  (3)  enamel  prism-cell  layer  ;  c,  dentine  germ  with  blood-vessels 
and  the  long  osteoblasts  on  the  surface  ;  d,  tooth-sac  ;  c,  secondary  enamel  germ.  Fig. 
170. — a.  Dental  ridge  ;  b,  enamel  organ;  c,  dentine  germ  ;  /,  enamel  ;  g,  dentine;  h,  inter- 
val between  enamel  organ  and  the  position  of  the  tooth  ;  h,  layer  of  odontoblasts. 

develop,  it  opens  into  the  alveolar  wall  of  the  milk-teeth  from  below.  The  tissue  of  this  dental 
sac  causes  erosion,  or  eating  away  of  the  fang  and  even  of  the  bodj'  of  the  milk-teeth,  without 
its  blood-vessels  undergoing  atrophy.  The  chief  agents  in  the  absorption  are  the  amoeboid  cells 
of  the  granulation  tissue.    [Multinuclear  giant-cells  also  erode  the  fangs  of  the  teeth.] 

Eruption  of  the  Milk-Teeth.  — The  following  is  the  order  in  which  the  twenty  milk-teeth  cut  the 
gum,  i.e.,  from  the  seventh  month  to  the  second  year: — Lower  central  incisors,  upper  central 
incisors,  upper  lateral  incisors,  lower  lateral  incisors,  first  molar,  canine,  the  second  molars. 

[The  figures  indicate  in  months  the  period  of  eruption  of  each  tooth.] 


Mol.irs. 

Canines. 

Incisors. 

Canines. 

Molars. 

24  12 

18 

.9  7  7  9 

18 

24  12 

[The  permanent  teeth  succeed  the  milk-teeth,  the  process  beginning  about  the  seventh  year. 
Ten  teeth  in  each  jaw  take  the  place  of  the  milk-teeth,  while  six  teeth  appear  further  back  in 
each  jaw.  Thus  the  total  number  of  permanent  teeth  is  thirty-two.  As  the  sacs,  from  which 
the  permanent  teeth  are  developed,  are  formed  before  birth,  they  merely  undergo  the  same 
process  of  development  as  the  temporary  teeth,  only  at  a  much  later  period.  The  last  of  the 
permanent  molars — the  ivisdom-tooth — may  not  cut  the  jaw  until  the  seventeenth  to  the  twenty- 
fifth  year.  At  the  sixth  year  the  jaw  contains  the  largest  number  of  teeth,  as  all  the  temporary 
teeth  are  present,  and,  in  addition,  the  crowns  of  all  the  permanent  teeth,  except  the  wisdom- 
teeth,  making  forty-eight  in  all.] 

[Eruption  of  Permanent  Teeth.  — The  age  at  which  each  tooth  cuts  the  gum  is  given  in  years 
in  the  following  table  : — 


Molars. 

Bicuspid. 

Canines. 

Incisors. 

Canines. 

Bicuspid. 

Molars. 

17  12 
to    to  6 
25  13 

10  9 

11  to  12 

8  7  7  8 

11  to  12 

9  10 

12  17 

6    to  to 

13  25 

L-nutiuu  ui  A^iugs  uu  me  ±eein.— All  rne  conainons  lor  putretaction  are  present  in  the  mouth; 
and  when  putrefaction  occurs,  the  products  (often  acid)  attack  the  dentine  and  hasten  its  decay.' 
Hence,  the  necessity  for  thorough  daily  cleansing  of  the  teeth  and  mouth.  The  teeth  may  be 
cleaned  by  means  of  a  soft  tooth-brush  and  water,  with  or  without  the  use  of  any  of  the 
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numerous  dentifrices,  such  as  powdered  chalk  or  charcoal.  Astringents  such  as  catechu  and 
areca-nut  are  sometimes  used.  Mineral  acids  attack  the  teeth,  and  ought,  wheu  taken,  to  be 
sucked  through  a  tube.  ] 

155.  MOVEMENTS  OF  THE  TONGUE.— The  tongue,  being  a  muscular 
organ,  and  extremely  mobile,  plays  an  important  part  in  the  process  of  mastica- 
tion : — (1)  It  keeps  the  food  from  passing  from  between  the  molar  teeth.  (2)  It 
forms  into  a  bolus  the  finely-divided  food  after  it  is  mixed  with  saliva.  (3)  When 
the  tongue  is  raised,  the  bolus  lying  on  its  dorsum  is  pushed  backwards  into  the 
pharynx  and  cesophagus. 

The  course  of  the  fibres  is  threefold — longitudinally,  from  base  to  tip ; 
transversely,  the  fibres  for  the  most  part  proceeding  outwards  from  the  vertically- 
placed  septum  linguae ;  vertically,  from  below  upwards.  Some  of  the  muscles  are 
confined  to  the  tongue  (intrinsic),  while  others  (extrinsic)  are  attached  beyond  it 
to  the  hyoid  bone,  lower  jaw,  the  styloid  process,  and  the  palate. 

Microscopically,  the  fibres  are  trausversely  striated,  with  a  delicate  sarcolemma,  and  very 
often  they  are  branched  where  they  are  inserted  intot  he  mucous  membrane.  The  muscular 
bundles  cross  each  other  in  various  directions,  and  in  the  interspaces  fat-cells  and  glands  occur. 

Changes  in  form  and  position  : — 

(1)  Shortening  and  broadening  by  the  longitudinal  muscle,  aided  by  the  hyo- 
glossus. 

(2)  Elongation  and  narromng,  by  the  transversus  linguae. 

(3)  The  dorsum  is  rendered  concave  by  the  transversus  and  the  simultaneous  action 
of  the  median  vertical  fibres. 

(4)  Arching  of  the  dorsum  : — (a)  Transversely,  by  the  lowest  transverse  bundles  ; 
{h)  longitudinally,  by  the  lowest  longitudinal  muscles. 

(5)  Protrusion,  by  the  genio-glossus,  while  at  the  same  time  the  tongue  usually 
becomes  narrower  and  longer  (2). 

(6)  Retraction,  by  the  hyo-glossus  and  stylo-glossus,  and  (1)  usually  occurring  at 
the  same  time. 

(7)  Dej^ression  into  the  floor  of  the  mouth,  by  the  hyo-glossus.  The  floor  of  the 
mouth  may  be  made  deeper  by  depressing  the  hyoid  bone. 

(8)  Elevation  of  the  tongue  towards  the  palate  : — (a)  At  the  tip  by  the  anterior 
part  of  the  longitudinal  fibres  ;  {h)  in  the  middle  by  elevating  the  entire  hyoid  bone 
by  the  mylo-hyoid  {N.  trigemimis)  ;  (c)  at  the  root  by  the  stylo-glossus  and  palato- 
glossus, as  well  as  indirectly  by  the  stylo-hyoid  facialis). 

(9)  Lateral  movements,  the  tip  of  the  tongue  passing  to  the  right  or  left ;  these 
are  caused  by  the  longitudinal  fibres  of  one  side. 

Motor  Nerves. — The  motor  nerve  of  the  tongue  is  the  hypoglossal.  Wlien  this  nerve  is 
divided  or  paralysed  on  one  side,  the  tip  of  the  tongue  lying  in  the  floor  of  the  mouth  is  directed 
towards  the  sound  side,  because  the  tonus  of  the  non-paralysed  longitudinal  fibres  shortens  the 
sound  side  slightly.  If  the  tongue  be  protruded,  however,  the  tip  ])asses  towards  the  2>nrcdyscd 
side.  This  arises  from  the  direction  of  the  genio-glossus  (from  the  middle  downwards  and  out- 
wards), and  the  tongue  follows  the  direction  of  its  action.  The  tongues  of  animals  which  have 
been  killed  exhibit  fibrillar  contractions  of  the  muscles,  sometimes  lasting  for  a  whole  day. 
[Stirling  has  frequently  found  nerve-ganglia  in  the  nerves  of  the  tongue]. 

156.  DEGLUTITION. — The  onward  movements  of  the  contents  of  the  digestive 
canal  are  effected  by  a  special  kind  of  action  whereby  the  tube  or  canal  contracts 
upon  its  contents,  and  as  this  contraction  proceeds  along  the  tube,  the  contents  are 
thereby  carried  along.    This  is  the  "peristaltic  movement,"  or  peristalsis. 

In  the  first  and  most  complicated  part  of  the  act  of  deglutition,  we  distinguish 
in  order  the  following  individual  movements  : — 

(1)  The  aperture  of  the  mouth  is  closed  by  the  orbicularis  oris  {N.  facicdis). 

(2)  The  jaws  are  pressed  against  each  other  by  the  muscles  of  mastication 
{N.  trigemimis),  while  at  the  same  time  the  lower  jaw  affords  a  fixed  point, for  the 
action  of  the  muscles  attached  to  it  and  the  hyoid  bone.  ...  1 
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(3)  The  tip,  middle,  and  root  of  the  tongue,  one  after  the  other,  are  pressed 
against  the  hard  palate,  whereby  the  contents  of  the  mouth  are  propelled  towards 
the  pharynx. 

(4)  When  the  bolus  has  passed  the  anterior  palatine  arch  (the  mucus  of  the 
tonsillar  glands  making  it  slippery  again),  it  is  prevented  from  returning  to  the 
mouth  by  the  palato-glossi  muscles  which  lie  in  the  anterior  pillars  of  the  fauces, 
coming  together  like  two  side-screens  or  curtains,  meeting  the  raised  dorsum  of  the 
tongue  (Stylo-glossus). 

(5)  The  morsel  is  now  behind  the  anterior  palatine  arch  and  the  root  of  the 
tongue,  and  has  reached  the  pharynx,  where  it  is  subjected  to  the  successive  action 
of  the  three  pharyngeal  constrictor  muscles  which  propel  it  onwards.  The  action 
of  the  superior  constrictor  of  the  pharynx  is  always  combined  with  a  horizontal 
elevation  (Levator  veli  palatini ;  iV.  facialis)  and  tension  (Tensor  veli  palatini ; 
N.  trigeviinus,  otic  ganglion)  of  the  soft  palate.  The  upper  constrictor  presses 
(through  the  pterygo-pharyngeus)  the  posterior  and  lateral  walls  of  the  pharynx 
tightly  against  the  posterior  margin  of  the  horizontal,  tense,  soft  palate,  whereby  the 
margins  of  the  posterior  palatine  arches  (palato-pharyngeus)  are  approximated. 
The  pharyngo-nasal  cavity  is  thus  completely  shut  off,  so  that  the  bolus  cannot  be 
pressed  backwards  into  the  nasal  cavity. 

In  persons  with  congenital  or  acquired  defects  of  the  soft  palate,  or  cleft-palate,  during 
swallowing,  food  passes  into  the  nose. 

(6)  Falk  and  Kronecker  assert,  that  by  the  energetic  contraction  of  the  muscles 
which  diminish  the  cavity  of  the  mouth,  especially  the  mylo-hyoid,  the  bolus  is 
"  projected "  through  the  pharynx  and  oesophagus.  [They  even  assert  that  the 
bolus  reaches  the  cardia  before  even  the  musculature  of  the  pharynx  or  oesophagus 
can  contract,  and  further  that  the  pharyngeal  muscles  of  a  dog  may  be  divided 
without  making  swallowing  impossible.]  If  we  make  a  series  of  efforts  to  swallow, 
one  after  the  other,  as  in  drinking,  contraction  of  the  pharynx  and  oesophagus  takes 
place  only  after  the  last  effort.  Thus  each  new  act  of  deglutition  in  the  mouth 
inhibits  (by  stimulation  of  the  glosso-pharyngeal  nerve)  the  movements  in  the  parts 
of  the  oesophageal  tube  situated  below  it. 

(7)  The  bolus  is  propelled  onwards  by  the  successive  contraction  of  the  upper, 
middle,  and  lower  constrictors  of  the  pharynx  until  it  passes  into  the  oesophagus. 
At  the  same  time  the  entrance  to  the  glottis  is  closed,  else  the  morsel  would  pass 
into  the  larynx,  or,  as  is  generally  said,  would  "  pass  the  wrong  way." 

Duration.— According  to  Meltzer  and  Kronecker,  the  duration  of  deglutition  in  the  mouth 
is  0'3  sec;  then  the  constrictors  of  the  pharynx  contract  O'O  sec;  afterwards,  the  upper  part 
of  the  ffisophagus  ;  then  after  1  "8  sec.  tlie  middle  ;  and  after  another  3  sec  the  lower  constrictor. 
The  closure  of  the  cardia,  after  the  entrance  of  the  bolus  into  the  stomach,  is  the  final  act  iu  the 
total  series  of  movements. 

Sounds  during  Deglutition.— If  the  region  of  the  stomach  he  auscultated  during  the  act  of 
swallowing,  two  sounds  may  be  heard ;  the  first  one  is  produced  when  the  bolus  is  projected  into 
the  stomach  ;  the  second  occurs  when  the  peristalsis,  vvliich  takes  place  at  the  end  of  swallow- 
ing, squeezes  the  contents  of  the  (eso])hagus  through  the  cardia  {Meltzer,  Zenker,  Eicalcl).  [The 
latter  occurs  4-5  mins.  afterwards.  In  man,  when  water  alone  is  swallowed,  there  is  no  sound, 
biit  when  it  is  mixed  with  air  there  is,  and  it  is  generally  heard  because  air  is  usually  swallowed 
with  the  food  or  drink  {Quincke).] 

The  closure  of  the  glottis  is  effected  in  the  following  manner  : — (a)  The  whole 
larynx-^the  lower  jaw  being  fixed — is  raised  vjywarch  and  forwards,  while  at  the 
same  time  the  root  of  the  tongue  hangs  over  it.  The  hyoid  bone  is  raised  forwards 
and  upwards  by  the  genio-hyoid,  anterior  belly  of  the  digastric,  and  mylo-hyoid  ; 
the  larynx  is  approximated  close  to  the  hyoid  bone  by  the  thyro-hyoid.  (6)  When 
the  larynx  is  raised,  so  that  it  comes  to  lie  below  the  overhanging  root  of  the 
tongue,  the  epiglottis  is  pressed  downwards  over  the  entrance  to  the  glottis,  and 
the  bolus  passes  over  it.    The  epiglottis  is  also  pulled  down  by  the  special  muscular 
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fibres  of  the  reflector  epiglottidis  and  aryepiglotticus.  (c)  The  closure  of  the  glottis 
by  the  constrictors  of  the  larynx  also  prevents  the  entrance  of  substances  into  the 
larynx  (§313,  II.  2). 

Injury  to  the  Epiglottis.— Intentional  injury  of  the  epiglottis  in  animals,  or  its  destruction 
in  man,  may  cause  lluids  to  "go  the  wrong  way,"  i.e.,  into  the  glottis,  whilst  solid  food  can  be 
swallowed  without  disturbance.  In  dogs,  coloured  fluids  placed  on  the  root  of  the  tongue  have 
been  observed  to  pass  directly  into  the  pharynx  without  coming  into  contact  with  it,  so  as  to 
tinge  the  upper  surface  of  the  epiglottis  {Magendic).  [The  basis  of  the  epiglottis  is  yellow 
elastic  cartilage,  so  that  it  shows  no  tendency  to  ossify,  and  always  retains  its  elasticity  (§  313).] 

In  order  that  the  descending  bolus  may  be  prevented  from  carrying  the  pharynx 
with  it,  the  stylo-pharyngeus,  salpingo-pharyngeus,  and  baseo-pharyngeus  contract 
upwards  when  the  constrictors  act. 

Nervous  Mechanism. — Deglutition  is  voluntary  only  during  the  time  the  bolus 
is  in  the  mouth.  When  the  food  passes  through  the  palatine  arch  into  the  gullet 
the  act  becomes  involuntary,  and  is,  in  fact,  a" well-regulated  reflex  action.  When 
there  is  no  bolus  to  be  swallowed,  voluntary  movements  of  deglutition  can  be 
accomplished  only  within  the  mouth  ;  the  pharynx  only  takes  up  the  movement, 
provided  a  bolus  (food  or  saliva)  mechanically  excites  the  reflex  act.  The  afferent 
nerves,  which,  when  mechanically  stimulated,  excite  the  involuntary  act  of  degluti- 
tion, are,  the  palatine  branches  of  the  trigeminus  (from  the  spheno-palatine  gang- 
lion) and  the  pharyngeal  branches  of  the  vagus.  The  centre  for  the  nerves  con- 
cerned (for  the  striped  muscles)  lies  in  the  superior  olives  of  the  medulla  oblongata. 
Swallowing  can  be  carried  out  when  a  person  is  unconscious,  or  after  destruction 
of  the  cerebrum,  cerebellum,  and  pons  (§  367,  6).  [Even  in  the  deep  coma  of  alco- 
holism, the  tube  of  a  stomach-pump  is  carried  into  the  stomach  reflexly,  provided 
the  surgeon  passes  it  back  into  the  pharynx.]  The  nerves  of  the  pharynx  are  de- 
rived from  the  pharyngeal  plexus,  which  receives  branches  from  the  vagus,  glosso- 
pharyngeal, and  sympathetic  (.§  352,  4). 

Within  the  oesophagus,  whose  stratified  epithelium  is  moistened  with  the  mucus 
derived  from  the  mucous  glands  in  its  walls,  the  downward  movement  is  involun- 
tary, and  depends  upon  a  complicated  reflex  movement  discharged  from  the  centre 
for  deglutition.  There  is  a  peristaltic  movement  of  the  outer  longitudinal  and 
inner  circular  non-striped  muscular  fibres. 

In  the  upper  part  of  the  resophagus,  which  contains  striped  muscular  fibres,  the  peristalsis 
takes  place  more  quickly  than  in  the  lower  part.  The  movements  of  the  oesophagus  never 
occur  independently,  but  are  always  tlie  continuation  of  a  foregoing  act  of  deglutition.  If  food 
be  introduced  into  the  oesophagus  through  a  hole  in  its  wall,  there  it  lies  ;  and  it  is  only  carried 
downwards  when  a  movement  to  swallow  is  made.  The  peristalsis  extends  along  the  whole 
length  of  the  asophagus,  even  when  it  is  ligatured  or  when  a  part  of  it  is  removed  (Mosso).  If 
a  dog  be  allowed  to  swallow  a  piece  of  flesh  tied  to  a  string,  so  that  the  flesh  goes  halfway 
down  the  oesophagus,  and  if  the  flesh  be  withdrawn,  the  peristalsis  still  passes  downwards 
(C.  Ludwig  aiul  Wild). 

The  motor  nei^e  of  the  oesophagus  is  the  vagus  (not  the  accessory  fibres)  [fesophageal,  whose 
branches  have  numerous  small  ganglia  in  their  course].  After  it  is  divided,  the  food  lodges  in 
the  lower  part  of  the  oesophagus.  Very  large  and  very  small  masses  are  swallowed  with  more 
difiiculty  than  those  of  moderate  size.  Dogs  can  swallow  an  olive-shaped  body  weighted  with  a 
counterpoise  of  450  grammes  (Mosso).  When  the  thorax  is  greatly  distended,  as  in  Miillcr's 
experiment,  or  greatly  diminished,  as  in  Valsalva's  experiment  (§  60),  deglutition  is  rendered 
more  difficult. 

Goltz's  Experiments. — The  oesophagus  and  stomach  of  the  frog  become  more  excitable,  i.e., 
the  excitability  of  the  ganglionic  plexuses  in  their  walls  is  increased,  when  the  brain  and 
spinal  cord  or  both  vagi  are  destroyed.  These  organs  contract  energetically  after  slight 
stimulation,  while  frogs,  whose  central  nervous  system  is  intact,  swallow  fluids  simply  by 
peristalsis.  Females,  and  sometimes  men  also,  suffering  from  hysteria,  not  unfre(iuently  have 
similar  spasmodic  contractions  of  the  oesophageal  region  (globus  hystericus).  After  section  of 
both  vagi  in  the  dog,  Schiff"  observed  spasmodic  contraction  of  the  oesophagus. 

Effect  on  Circulation. — Every  time  one  swallows,  the  heart's  action  is  accelerated,  the  blood- 
pressure  falls,  the  necessity  for  respiration  diminishes,  while  many  movements  (labour  pains, 
erection)  are  inhibited.    These  effects  are  brought  about  reflexly  {Kronccker  and  Meltzer,  §  369). 
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[Structure  of  the  (EsophagUB.  — Tlie  walls  of  the  asophagus  are  composed  of  four  coats- 
mucous,  sub-mucous,  muscular,  and  fibrous  (fig.  171).  1 

(1)  The  mxicous  coat  is  firm,  and  is  thrown  into  longitudinal  folds,  which  disappear  wlien  tne 
tube  is  disteiidid.  It  is  lined  by  several  layers  of  stratified  squamoiis  epithelium.  The 
niembrane  itself  is  composed,  especially  at  its  inner  paTt,  of  dense  fibrous  tissue,  which  projects, 
iu  the  form  of  papillae,  into  the  stratified  epithelium.  The  papillre  are  present  in  the  child,  but 
are  largest  iu  old  people.  At  its  outer  part  is  a  continuous  longitudinal  layer  of  non-striped 
muscle,  the  muscularis  mucosae.  The  layer  consists  of  small  bundles  of  non-striped  muscle 
separate  from  each  other. 

(2)  The  sub-mucous  coat  is  thicker  than  the  foregoing,  and  consists  of  loose  connective- 
tissue,  with  tlie  acini  of  small  mucous  glands  imbedded  in  it.  The  ducts  pierce  the  muscularis 
mucoste  to  open  on  the  inner  surface  of  the  tube. 

(3)  The  muscular  coat  consists  of  an  inner,  thicker,  circular,  and  an  outer,  thinner,  longi- 
tudinal layer  of  non-striped  muscle,  commencing  on  a  level  with  the  cricoid  cartilage.  In  man 
the  upper  third  of  the  gullet  consists  of  striped  muscular  fibres.    (4)  Outside  the  muscular  coat 
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Fig.  171. 

Transverse  section  of  part  of  the  cesophagus. 


is  a  layer  of  fibrous  tissue  with  elastic  fibres.  The  structure  of  the  muscular  coat  of  the 
cesopliagus  varies  much  in  dilferent  animals.  In  the  rabbit,  in  the  first  quarter  of  its  length, 
it  has  two  layers,  but  below  this  there  are  three  layers,  i.e.,  a  circular  between  an  outer  and  an 
inner  longitudinal  layer,  while  the  non-striped  fibres  are  confined  to  the  lowest  quarter  of  the 
tube.  ] 

[Nerve-Plexuses. — As  in  the  intestine,  there  are  two  plexuses  of  nerves  with  ganglia;  one  in 
the  sub-nmcous  coat  {Meissner  s)  and  the  other  between  the  two  muscular  coats  (Aiicrhach's), 
Avhich  are  continuous  with  those  in  the  stomach  and  intestine.  Blood-vessels  and  numerous 
lymphatics  lie  in  the  mucous  and  sub-mucous  coats.  ] 

157.  MOVEMENTS  OF  THE  STOMACH.— Position.— When  the  stomach 
is  empty,  the  great  curvature  is  directed  downwards  and  the  lesser  upwards  ;  but 
when  the  organ  is  full,  it  rotates  on  an  axis  running  horizontally  through  the 
pylorus  and  cardia,  so  that  the  great  curvature  appears  to  be  directed  to  the  front 
and  the  lesser  backwards. 

Arrangement  of  the  Muscular  Fibres.— The  non-striped  muscular  fibres  of  tlie  stomach  are 
arranged  in  three  directions  or  layers,  an  outer  longitudinal  continuous  with  those  of  the 
cesophagus.  This  layer  is  best  developed  along  the  curvatures,  especially  the  lesser.  At  the 
pylorus  the  fibres  form  a  thick  layer,  and  become  continuous  with  the  longitudinal  fibres  of  the 
duodenum.  The  circular  fibres  form  a  complete  layer  ;  at  the  pylorus  they  are  more  numerous, 
and  constitute  the  sphincter-muscle  or  pyloric  valve  ;  whilst  at  the  cardia  (inlet),  such  a 
muscular  ring  is  absent.    The  innermost  oblique  or  diagonal  layer  is  complete. 

The  Movements  of  the  Stomach  are  of  two  kinds  : — (1)  The  rotatory  or  churn- 
ing movements,  whereby  the  parts  of  the  wall  of  the  stomach  in  contact  with  the 
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contents  glide  to  and  fro  with  a  slow  rubbing  movement.  Such  movements  seem 
to  occur  periodically,  every  period  lasting  several  minutes  {Beaumont).  By  these 
movements  the  contents  are  moistened  with  the  gastric  juice,  while  the  masses  of 
food  are  partly  broken  down.  The  formation  of  hair-balls  in  the  stomach  of  dogs 
and  oxen  indicates  that  such  rotatory  movements  of  the  contents  of  the  stomach 
take  place.  (2)  The  other  kind  of  movement  consists  in  a  periodically  occurring 
peristalsis,  whereby,  as  with  a  push,  the  first  dissolved  portions  of  the  contents  of 
the  stomach  are  forced  into  the  duodenum.  They  begin  after  a  quarter  of  an  hour, 
and  recur  until  about  five  hours  after  a  meal.  This  peristalsis  is  most  pronounced 
towards  the  pyloric  end,  and  the  muscles  of  the  pyloric  sphincter  relax  to  allow  the 
contents  to  pass  into  the  duodenum.  According  to  Kiidinger,  the  longitudinal 
muscular  fibres,  when  they  contract,  especially  when  the  pyloric  end  is  filled,  may 
act  so  as  to  dilate  the  pylorus. 

Gizzard. — The  strongly  muscular  walls  of  the  stomach  of  graiu-eating  birds  effect  a  tritura- 
tion of  the  food.  The  older  physiologists  found  that  glass  balls  and  lead  tubes,  which  could 
be  compressed  only  by  a  weight  of  40  kilos.,  were  broken  or  compressed  in  the  stomach  of 
a  turkey. 

Influence  of  Nerves. — [The  stomach  is  supplied  by  the  vagi  and  by  the  sympa- 
thetic, the  right  vagus  being  distributed  to  the  posterior  surface,  and  the  left  to  the 
anterior  surface,  of  the  organ.]  Auerbach's  ganglionic  plexus  of  nerve-fibres  and 
nerve-cells,  which  lies  between  the  muscular  coats  of  the  stomach,  must  be  regarded 
as  its  proper  motor  centre,  and  to  it  motor  impulses  are  conducted  by  the  vagi. 
Section  of  both  vagi  does  not  abolish,  but  it  diminishes  the  movements  of  the 
stomach.  The  muscular  fibres  of  the  cardia  may  be  excited  to  action,  or  their 
action  inhibited  by  fibres  which  run  in  the  vagus  (Nn.  constrictores,  et  dilatator 
cardiae).  [If  the  vagi  be  divided  in  the  neck,  there  is  a  short  temporary  spasmodic 
contraction  of  the  cardiac  aperture.  On  stimulating  the  peripheral  end  of  the  vagus 
with  electricity,  after  a  latent  period  of  a  few  seconds,  the  cardiac  end  contracts, 
more  especially  if  the  stomach  be  distended,  but  the  movements  are  slight  if  the 
stomach  be  empty.  In  curarised  dogs,  the  pylorus  contracts  with  varying  inten- 
sity, and  irregularly  whether  the  vagi  and  splanchnics  be  intact  or  divided. 
Stimulation  of  the  vagi  in  the  neck  causes  contraction  of  the  pylorus,  when  the 
latent  period  may  be  seven  seconds.  Stimulation  of  the  splanchnics  in  the  thorax 
arrests  the  spontaneous  pyloric  contractions,  the  left  splanchnic  being  more  active 
than  the  right  (Oser).] 

Local  electrical  stimulation  of  the  surface  of  the  stomach  causes  circular  constrictions 
of  tlie  organ,  which  disappear  very  gradually,  while  the  movement  is  often  propagated  to 
otlier  parts  of  the  gastric  wall.  When  heated  to  25°  C,  the  excised  empty  stomach  exhibits 
movements.  Injury  to  the  pedunculi  cerebri,  optic  thalamus,  medulla  oblongata,  and  even  to 
the  cervical  part  of  the  spinal  cord,  according  to  Schifl',  causes  paralysis  of  the  vessels  of  certain 
areas  of  the  stomach,  resulting  in  congestion  and  subsequent  ha;niorrhage  into  the  mucous 
membrane.  [It  is  no  unconnnou  occurrence  to  find  liR'nioriliage  into  tlie  gastric  mucous  mem- 
brane of  rabbits,  after  they  have  been  killed  by  a  violent  blow  on  the  head.] 

[Action  of  Drugs. — The  automatic  centres  are  excited  by  emetin,  apomorphin,  tartar  emetic, 
while  muscarin  causes  general  contraction  of  the  stomach.  The  activity  of  the  automatic  centres 
is  diminished  by  cliloral,  urethau,  morphin,  and  uicotin,  while  atropin  causes  paralysis  of  the 
nerve-endings  (E.  Schutz).'] 

158.  VOMITING. — Mechanism. — Vomiting  is  caused  by  contraction  of  the 
walls  of  the  stomach,  the  pyloric  sphincter  being  closed.  It  occurs  most  readily 
when  the  stomach  is  distended — (dogs  usually  greatly  distend  the  stomach  by 
swallowing  air  before  they  vomit) ;  it  readily  occurs  in  infants,  in  whom  the 
cul-de-sac  at  the  cardia  is  not  developed.  It  is  quite  certain  that  in  children 
vomitino-  occurs  through  contraction  of  the  walls  of  the  stomach,  without  the 
spasmodic  action  of  the  abdominal  walls.  When  vomiting  is  violent,  the 
abdominal  muscles  act  energetically.  [The  act  of  vomiting  is  generally  preceded 
by  a  feeling  of  nausea,  and  usually  there  is  a  rush  of  saliva  into  the  mouth, 
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caused  by  a  reflex  stimulation  of  afferent  fibres  in  the  gastric  branches  of  the 
vagus,  the  efferent  nerve  for  the  secretion  of  saliva  being  the  chorda  tympani. 
After  this  a  deep  inspiration  is  taken,  and  the  glottis  closed,  so  that  the  diaphragm 
is  firmly  pressed  downwards  against  the  abdominal  contents,  and  it  is  kept  con- 
tracted ;  the  lower  ribs  are  pulled  in.  The  diaphragm  being  kept  contracted  and 
the  glottis  closed,  a  violent  expiratory  effort  is  made,  so  that  the  contraction  of  the 
abdominal  muscles  acts  upon  the  abdominal  contents,  the  stomach  being  forcibly 
compressed.  The  cardiac  orifice  is  opened  at  the  same  time,  and  the  contents  of 
the  stomach  are  ejected.  The  chief  agent  seems  to  be  the  abdominal  compression, 
but  the  walls  of  the  stomach  also  help,  though  only  to  a  slight  extent.] 

The  contraction  of  the  walls  of  the  stomach,  which  causes  a  general  diminution  of  the  gastric 
cavity,  is  not  a  true  anti-peristalsis,  as  can  be  seen  in  the  stomach  when  it  is  exposed.  The 
cardia  is  opened  by  the  longitudinal  muscular  fibres,  which  pull  towards  the  lower  orifice  of  tlie 
tesophagus,  so  that  when  the  stomacli  is  full  they  must  act  as  dilators.  The  act  of  vomiting  is 
preceded  by  a  ructus-like  dilating  movement  of  the  intra-thoracic  part  of  the  oesophagus,  which 
is  caused  thus  : — The  glottis  is  closed,  inspiration  occurs  suddenly  and  violently,  whereby  the 
lesophagus  is  distended  by  gases  proceeding  from  the  stomach.  The  larynx  and  hyoid  bone,  by 
the  combined  action  of  the  genio-hyoid,  sterno-hyoid,  sterno-thyroid,  and  thyro-hyoid  muscles,  are 
forcibly  pulled  forwards,  so  that  the  air  passes  from  the  pharynx  downwards  into  the  upper 
section  of  the  a'sopliagus.  If  the  abdominal  walls  contract  suddenly,  and  if  this  sudden  impulse 
be  aided  by  the  movements  of  the  stomach  itself,  the  contents  of  the  stomach  are  forced  out- 
wards. During  continued  vomiting,  antiperistalsis  of  the  duodenum  may  occur,  whereby  bile 
passes  into  the  stomach,  and  becomes  mixed  with  its  contents. 

Children,  in  whom  the  fundus  is  absent,  vomit  more  easily  than  adults.  [In  them  also  the 
nervous  system  is  more  excitable.] 

Influence  of  Nerves.— The  centre  for  the  movements  concerned  in  vomiting 
lies  in  the  medulla  oblongata,  and  is  in  relation  with  the  respiratory  centre,  as 
is  shown  by  the  fact  that  nausea  may  be  overcome  by  rapid  and  deep  respirations. 
In  animals,  vomiting  may  be  inhibited  by  vigorous  artificial  respiration.  On 
the  other  hand,  the  administration  of  certain  emetics  prevents  the  occurrence  of 
apnoea. 

In  vomiting,  the  afferent  impulses  may  be  discharged  from  (1)  the  mucous 
membrane  of  the  soft  palate,  pharynx,  root  of  the  tongue  (glosso-phari/ngeal  nerve), 
as  in  tickling  the  fauces  with  the  finger ;  (2)  the  nerves  of  the  stomach  (vagus  and 
sympathetic) ;  (3)  stimulation  of  the  uterine  nerves  (pregnancy) ;  (4)  the  viesenteHc 
nerves  (inflammation  of  the  abdomen  and  hernia);  (5)  nerves  of  the  urinary 
apparatus  (passing  a  renal  calculus) ;  (6)  nerves  to  the  liver  and  gall-duct  (vagus) ; 
(7)  nerves  to  the  lungs  in  phthisis  (vagus).  Vomiting  is  also  produced  by  direct 
stimulation  of  the  vomiting  centre.  [The  efferent  impulses  are  carried  by  the 
phrenics  (diaphragm),  vagus  (oesophagus  and  stomach),  and  intercostals  (abdominal 
muscles).] 

Vomiting,  produced  by  the  thought  of  something  disagreeable,  appears  to  he  caused  by  the 
conduction  of  the  excitement  from  the  cerebrum  to  the  vomiting  centre.  [It  may  also  be  excited 
through  the  brai7i  by  a  disagreeable  smell,  shocking  sight,  or  by  other  impressions  on  the  nerves 
of  special  sense.  ]  Vomiting  is  very  common  in  diseases  of  the  brain  [tubercle,  inflammation, 
hsemorrhage].    Section  of  both  vagi  generally,  but  not  always,  prevents  vomiting. 

Emetics  act  (1)  partly  by  mechanically  or  chemically  stimulating  the  ends  of  the  centripeta 
(afferent)  nerves  of  the  mucous  membrane.  [These  are  local  emetics.  ]  Tickling  the  fauces,  touch- 
ing the  surface  of  the  exposed  stomach  (dog)  ;  and  many  chemical  emetics,  c.^. ,  mustard',  cupric 
and  zinc  sulphate,  and  other  metallic  salts,  act  in  this  way.  (2)  Other  substances  cause  vomitincr 
when  they  are  introduced  into  the  blood  (without  being  first  introduced  into  the  stomach),  and 
act  directly  upon  the  vomiting  centre,  e.g.,  apomorphin.  [These  are  general  emetics.!  (3) 
Lastly,  there  arc  some  substances  which  act  in  both  ways,  e.g.,  tartar  emetic.  Emetics  may  also 
remove  mucus  from  the  lungs,  and  in  this  case  it  is  probable  that  the  emetic  acts  upon  the 
respiratory  centre,  and  so  favours  the  respirations.  The  general  emetics  usually  create  con- 
siderable depression,  wliile  the  vomiting  lasts  longer  than  with  local  emetics.  The  former 
increase  the  salivary,  gastric,  and  respiratory  secretions. 

[Uses  of  Emetics.— Emetics  are  useful  not  only  for  removing  from  the  stomach  any  offendint^ 
body,  be  it  a  poison  or  the  products  of  imperfect  or  perverted  gastric  digestion,  or  bile  which 
has  passed  back  into  the  stomach,  but  foreign  bodies  impacted  in  the  oesophagus  may  be  c^ot 
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rid  of  on  exciting  vomiting  by  tlie  subcutaneous  injection  of  apomorphin.  As  the  diaphragm 
contracts  vigorously  during  vomiting,  it  compresses  the  liver,  and  thus  bile  is  expelled  into  the 
duodenum,  or  the  passage  of  a  small  calculus  along  the  bile-duct  may  be  aided.  They  also  are 
useful  in  removing  mucus  or  false  membranes  from  the  respiratory  passages.] 

[Anti-Emetics. — Vomiting  may  be  allayed  by  local  anti-cmetics  such  as  ice,  and  many  chemical 
substances  such  as  bismuth,  hydrocyanic  acid,  opium,  and  morphia,  as  well  as  by  general 
remedies  which  act  on  the  vomiting  centre.  Some  of  the  foregoing  drugs  perhaps  act  both 
locally  and  generally.] 

Vomiting  is  analogous  to  the  process  of  rumination  in  animals  that  chew  the  cud  (§  187). 
Some  persons  can  empty  their  stomach  in  this  way. 

159.  MOVEMENTS  OF  THE  INTESTINE.— Peristalsis.— The  best  example 
of  peristaltic  movements  is  afforded  by  the  small  intestine ;  the  progressive 
narrowing  of  the  tube  proceeds  from  above  downwards,  thus  propelling  the 
contents  before  it.  Frequently  after  death,  or  when  air  acts  freely  upon  the  gut, 
the  peristalsis  develops  at  various  parts  of  the  intestine  simultaneously,  whereby 
the  loops  of  intestine  present  the  appearance  of  a  heap  of  worms  creeping  amongst 
each  other.  The  advance  of  new  intestinal  contents  again  increases  the  movement. 
In  the  large  intestine,  the  movements  are  more  sluggish  and  less  extensive.  The 
peristaltic  movements  may  be  seen  and  felt  when  the  abdominal  walls  are  very 
thin,  and  also  in  hernial  sacs.  They  are  more  lively  in  vegetable  feeders  than  in 
carnivora.  The  peristalsis  is  perhaps  conducted  directly  through  the  muscular 
substance  itself,  as  in  the  heart  and  ureter.  The  movements  of  the  stomach  and 
intestine  cease  during  sleep  (Bzisch). 

[Rate  of  Motion. — In  a  Thiry-Velly  fistula  (§  183,  II.)  Fubini  estimated  the  rate  of  motion  of 
a  smooth  sphere  of  sealing-wax.  It  took  55  sec.  to  travel  1  ctm.  [|  in.]  ;  an  induction-current 
greatly  increases  the  motion,  to  1  ctm.  in  10  seconds  ;  NaCl  does  not  affect  it,  but  excites 
secretion  ;  laudanum  paralyses  it.] 

Method  of  Observation. — Open  the  abdomen  of  an  animal  under  a  "6  per  cent,  saline  solution 
to  prevent  the  exposure  of  the  gut  to  air  {Sanders  and  Braam-Uoiickgeest). 

The  ileo-colic  valve,  as  a  rule,  prevents  the  contents  of  the  large  intestine  from 
passing  backwards  into  the  small  intestine. 

When  fluid  is  slowly  introduced  into  the  rectum  through  a  tube,  it  passes  upwards  into  the 
intestine,  and  even  goes  through  the  ileo-colic  valve  into  the  small  intestine.  Muscarin  excites 
very  lively  peristalsis  of  the  intestines,  which  may  be  set  aside  by  atropin  {Schmiecleberg  and 
Koppe). 

Pathological. — When  any  condition  excites  an  acute  inflammation  of  the  intestinal  mucous 
membrane,  catarrh  is  rapidly  produced,  and  very  strong  contractions  of  the  inflamed  parts  filled 
with  food  take  place.  When  these  parts  of  the  gut  become  empty,  the  movements  are  not 
.stronger  than  normal.  If  new  material  passes  into  the  inflamed  part,  the  peristalsis  recurs, 
becomes  more  lively  than  normal,  and  the  result  is  diarrhoea  {Nothnagel).  Sometimes  a  greatly 
contracted  part  of  the  small  intestine  is  pushed  into  the  piece  of  gut  directly  continuous  with  it, 
giving  rise  to  invagination  or  intussusception. 

Anti-peristalsis,  i.e.,  a  movement  which  travels  in  an  upward  direction  towards  the  stomach, 
does  not  occur  normally.  This  has  been  inferred  from  the  fact,  that  in  cases  where  the  intestine 
is  occluded,  called  ileus,  ffecal  matter  is  vomited.  Nothnagel's  experiments  throw  doubts  upon 
this  view,  as  he  failed  to  observe  anti-peristalsis  in  cases  where  the  intestine  was  occluded 
artificially.  The  fajcal  odour  of  the  ejecta  may  result  from  the  prolonged  retention  of  the 
material  within  the  small  intestine. 

160.  EXCRETION  OF  F^CAL  MATTER.— The  contents  of  the  small 
intestine  remain  in  it  about  three  hours,  and  about  twelve  hours  in  the  large 
intestine,  where  they  become  less  watery,  and  they  assume  the  characters  of 
fjeces,  become  "formed"  in  the  lower  part  of  the  great  intestine.  The  fceces  are 
gradually  carried  along  by  the  peristaltic  movement,  until  they  reach  a  point  a 
little  above  that  part  of  the  rectum  which  is  surrounded  by  both  sphincters,  the 
internal  sphincter  consisting  of  non-striped,  and  the  external  of  striped  muscle. 

Immediately  after  the  expulsion  of  the  faeces  the  external  sphincter  (fig.  172,  S, 
and  fig.  173)  usually  contracts  vigorously,  and  remains  so  for  some  time.  After- 
wards it  relaxes,  when  the  elasticity  of  the  parts  surrounding  the  anal  opening, 
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particularly  of  the  two  sphincters,  suffices  to  keep  the  anus  closed.    In  the  interval 

between  two  evacuations,  there  does  not  seem  to  be  a  continued  tonic  contraction 

of  the  sphincters.    As  long  as  the  faeces  lie  above  the  rectum,  they  do  not  excite 

any  conscious  sensations,  but  the  sensation  of  requiring  to  go  to  stool  occurs  when 

the  fajces  pass  into  the  rectum.    At  the  same  time,  the  stimulation  of  the  sensory 

nerves  of  the  rectum  causes  a  reflex  excitement  of  the  sphincters.    The  centre  for 

these  movements  (Budge's  centrum  anospinale)  lies  in  the  lumbar  region  of  the 

spinal  cord  (§  362) ;  in  the  rabbit  between  the  sixth  and  seventh,  and  in  the  dog 

at  the  fifth  lumbar  vertebra  (Masius). 

In  animals  whose  spinal  cord  is  divided  above  tlie  centre,  a  slight  touch  in  the  region  of  the 
anus  causes  this  oriiice  to  contract,  but  after  this  lively  reflex  contraction,  the  sphincters  relax 
again,  and  the  anus  may  remain  open  for  a  time.  This  occurs  because  the  voluutarj'  impulses 
which  proceed  from  the  brain  to'cause  the  contraction  of  the  external  sphincter  are  absent. 


Fig.  172. 

The  perinreum  and  its  muscles.    1,  anus  ;  2,  coccyx  ;  3,  tuberosity  ;  4,  sciatic  ligament  •  5 
cotyloid  cavity  ;  B,  bulbo-cavernosus  muscle;  Ts,  superficial  transverse  perineal  muscle' 
F,  fascia  of  the  deep  transverse  perineal  muscle  ;  J,  ischio-cavernosus  muscle  :  M  obturator 
internus  ;  S,  external  anal  sphincter  ;  L,  levator  ani ;  P,  pyriformis.  ' 

Landois  observed  that  in  dogs  with  the  posterior  roots  of  their  lower  lumbar  and  sacral  nerves 
divided,  the  anus  remained  open,  and  not  unfrequently  a  mass  of  faeces  remained  half  eiected 
As  the  sensibility  of  the  rectum  and  anus  was  abolished  in  these  animals,  the  sphincters  could 
not  contract  reflexly,  nor  could  tliere  be  any  voluntary  contraction  of  the  sphincters  the  result 
of  sensory  impulses  from  the  rectum.  ' 

The  external  sphincter  can  be  contracted  voluntarily,  like  any  voluntary  muscle 
but  the  closure  of  the  anus  can  only  be  effected  up  to  a  certain  degree.  When 
the  pressure  from  above  is  very  great,  the  energetic  peristalsis  at  last  overcomes 
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the  strongest  voluntary  impulses.  Stimulation  of  the  peduncles  of  the  cerebium  and 
of  the  spinal  cord  below  this  point  causes  contraction  of  the  external  sphincter. 

Defaecation.— The  evacuation  of  the  fa;ces,  which  in  man  usually  occurs  at 
certain  times,  begins  with  a  lively  peristalsis  of  the  large  intestine,  which  passes 
downwards  to  the  rectum.  In  order  that  the  mass  of  fieces  may  not  excite  reflexly 
the  sphincter-muscles,  in  consequence  of  mechanical  stimulation  of  the  sensory 
nerves  of  the  rectum,  there  seems  to  be  a  centre  which  inhibits  the  reflex  action 
of  the  sphincters,  which  is  called  into  play,  owing,  as  it  appears,  to  voluntary 
impulses.     Its  seat  is  in  the  brain,  perhaps  in  the  optic  thalami.    When  this 


Fig.  173, 

Levator  ani  and  sphincter  ani  externus. 

inhibitory  apparatus  is  in  action,  the  fffical  mass  passes  through  the  anus.^without 
causing  it  to  close  reflexly.  The  strong  peristalsis  which  precedes  defalcation  can 
be  aided,  and  to  a  certain  degree  excited,  by  rapid  voluntary  movements  of  the 
external  sphincter  and  levator  ani,  whereby  the  plexus  myentericus  of  the  large 
intestine  is  stimulated  mechanically,  thus  causing  lively  peristaltic  movements  in 
the  large  intestine.  The  expulsion  of  the  faeces  is  also  aided  by  the  pressure  of 
the  abdominal  muscles,  and  most  efficiently  when  a  deep  respiration  is  taken,  so 
as  to  fix  the  diaphragm,  whereby  the  abdominal  cavity  is  diminished  to  the 
greatest  extent.  The  soff  parts  of  the  floor  of  the  pelvis,  during  a  strong  effort  at 
stool,  are  driven  downwards  in  the  form  of  a  cone,  causing  the  mucous  membrane 
of  the  anus,  which  contains  much  venous  blood,  to  be  everted.  The  function  of 
the  levator  ani  (figs.  172,  173)  is  to  raise  voluntarily  the  soft  parts  of  the  floor  of 
the  pelvis,  and  to  pull  the  anus  to  a  certain  extent  u])wards  over  the  descending 
faecal  mass.    At  the  same  time,  it  prevents  the  distension  of  the  pelvic  fascia.  As 
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the  fibres  of  botli  levatores  converge  below,  and  become  united  with  the  fibres  of 
the  external  sjjhincter,  they  aid  the  latter,  during  energetic  contraction  of  the 
sphincter ;  or,  as  Hyrtl  put  it,  the  levatores  are  related  to  the  anus,  like  the  two 
cords  of  a  tobacco  pouch.  During  the  periods  between  the  evacuation  of  the  gut, 
the  fteces  appear  only  to  reach  the  lower  end  of  the  sigmoid  flexure.  As  a  rule, 
from  thence  downwards,  the  rectum  is  normally  devoid  of  faeces.  It  seems  that 
the  strong  circular  fibres  of  the  muscular  coat,  which  Nelaton  has  called  sphincter 
ani  tertius,  when  they  are  well  developed,  contract  and  prevent  the  entrance  of 
the  faeces.    When  the  tendency  to  the  evacuation  of  the  rectum  is  very  pressing, 


Fig.  174. 

Auevbacli's  plexus  shown  in  section  (human),    a,  ganglionic  cells  ;  5,  nerve  fibres  ; 
c,  section  of  the  circular  muscular  fibres  ;  d,  longitudinal  muscular  fibres. 

the  anus  may  be  closed  more  firmly  from  without,  by  energetically  rotating  the 
thigh  outwards,  and  contracting  the  muscles  of  the  gluteal  region. 

161.  CONDITIONS  INFLTJENCING  THE  INTESTINAL  MOVEMENTS.— 

The  intestinal  canal  contains  an  automatic  motor  centre  within  its  walls, — the 


Fig.  175. 

Plexiis  of  Auerbach,  prepared  from  the  small  intestine  of  a  dog,  by  the  action  of  gold  chloride 
The  nerve-cells  are  shown  at  the  nodes,  while  the  fibrils  proceeding  from  the  gan^^lia  and 
the  anastomosing  fibres,  lie  between  the  muscular  bundles.  °  ' 

plexus  myentericus  of  Auerhach— which  lies  between  the  longitudinal  and  circular 
muscular  fibres  of  the  gut.  It  is  this  plexus  which  enables  the  intestine,  when  cut 
out  of  the  body,  to  execute,  apparently  spontaneously,  movements  for  some  time. 


AUERBACH  AND  MEISSNER'S  PLEXUSES. 


[Structure.— Auerbach's  PlexTis  consists  of  nou-medullated  nerve-fibres  which  form  a  dense 
netNvoi'k,  groups  of  gaiighon  cells  occurring  at  the  nodes  (tig.  175,  and  when  seen  in  vertical 
sections  between  the  muscular  coats  it  is  like  lig.  174).  A  similar  plexus  extends  througliout 
the  whole  intestine  between  the  longitudhial  and  circular  muscular  coats  from  the  tfsophagus 
to  the  rectum.  Branches  are  given  off  to  the  muscular  bundles.  A  similar,  but  not  so  rich  a 
plexus  lies  in  the  submucous  coat, 
Meissner's  plexus,  which  gives  branches 
to  supply  the  niuscularis  mucosixj,  the 
smooth  muscular  libres  of  the  villi,  and 
the  glands  of  the  intestine  (fig.  176). 

1.  If  this  centre  is  not  affected 
by  any  stimulus,  the  movements  of 
the  intestine  cease — comparable  to 
the  condition  of  the  medulla  ob- 
longata in  apnoea.  The  same  is 
true — just  as  in  the  case  of  the 
respiration — during  iutra-uterine 
life,  in  consequence  of  the  foetal 
blood  being  well  supplied  with  O. 
This  condition  may  be  termed 
aperistalsis.  It  also  occurs  during 
sleep,  perhaps  on  account  of  the 
greater  amount  of  O  in  the  blood 
during  that  state. 

2.  When  blood  containing  the 
normal  amount  of  blood-gases 
passes  through  the  intestinal  blood- 
vessels, the  quiet  peristaltic  move- 
ments of  health  occur  (euperistal- 
sis)  provided  no  other  stimulus  be 
applied  to  the  intestine. 

3.  All  stimuli  applied  to  the 
plexus  myentericus  increase  the 
peristalsis,  which  may  become  so 

very  violent  as  to  cause  evacuation  Plexus  of  Meissner.  a,  ganglia  ;  b,  anastomosing 
of  the  contents  of  the  large  gut,  fibres ;  c,  artery ;  d,  vaso-iiiotor  nerve-fibres  accom- 
and  may  even  produce  spasmodic      Ponying  c. 

contraction  of  the  musculature  of  the  intestine.  This  condition  may  be  termed 
dysperistalsis,  corresponding  to  dyspnoea.  The  condition  of  the  blood  flowing 
through  the  intestinal  vessels  affects  the  peristalsis. 

Condition  of  the  Blood. — Dysperistalsis  may  be  produced  by  (a)  interrupting  the  circulation 
of  the  blood  in  the  intestines,  no  matter  whether  anaemia  (as  after  compressing  the  aorta — 
Schiff)  or  venous  hyperiBmia  be  produced.  The  stimulating  condition  is  the  want  of  0,  i.e., 
the  increase  of  COg.  Very  slight  disturbance  in  the  intestinal  blood-vessels,  e.g.,  venous  con- 
gestion after  copious  transfusion  into  the  veins,  whereby  the  abdominal  and  portal  veins  become 
congested,  causes  increased  peristalsis.  The  intestines  become  nodulated  at  one  part  and  narrow 
at  another,  and  involuntary  evacuation  of  the  ficces  takes  place  when  there  is  congestion,  owing 
to  the  plugging  of  the  intestinal  blood-vessels  when  blood  from  another  species  of  auimal  is  used 
for  transfusion  (§  102).  The  marked  peristalsis  which  occurs  on  the  approach  of  death  is 
undoubtedly  due  to  the  derangements  of  the  circulation,  and  the  consequent  alteration  of  the 
amount  of  gases  in  the  blood  of  the  intestine.  The  same  is  true  of  the  increased  movements  of 
the  intestines  which  occur  as  a  result  of  psychical  excitement,  e.g.,  grief.  The  stimulus,  in  this 
case,  passes  from  the  cerebrum  through  the  medulla  oblongata  (vaso-motor  centre)  to  the  intes- 
tinal nerves,  and  causes  ansemia  of  the  intestine  (corresponding  to  the  palor  occurring  elsewhere). 
When  the  normal  condition  of  the  circulation  is  restored,  the  peristalsis  diminishes,  {b)  Direct 
stimulation  of  the  intestine,  conducted  to  the  plexus  myentericus,  causes  dysperistcdsis ;  direct 
exposure  of  the  intestines  to  the  air  (stronger  when  CO.j  or  CI  is  present) — introduction  of 
various  irritating  substances  into  the  intestine — increased  filling  of  the  intestine  when  there  is 
any  difficulty  in  emptying  the  gut  (often  in  man) — direct  stimulation  of  various  kinds  (also 
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Fig.  176. 
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inflamination), — all  act  upon  the  intestine,  either  from  without  or  from  within.  Induction- 
shocks  applied  to  a  loop  of  intestine  in  a  hernial  sac  cause  lively  peristalsis  in  the  hernia.  The 
intestinal  movements  are  favoured  by  heat. 

4.  The  continued  application  of  strong  stimuli  causes  the  dysperistalsis  to  give 
place  to  rest,  owing  to  over-stimulation,  which  may  be  called  "  intestinal  paresis," 
or  exhaustion. 

This  condition  is  absolutely  different  from  the  passive  condition  of  the  intestine  in  aperistalsis. 
Continued  congestion  of  the  intestinal  blood-vessels  ultimately  causes  intestinal  paralysis,  e.g., 
when  transfusion  of  foreign  blood  causes  coagulation  within  tliese  vessels.  Filling  the  blood- 
vessels with  "indifferent"  fluids,  after  the  peristalsis  has  been  previously  brought  about  by 
compressing  the  aorta,  also  causes  cessation  of  the  movements  {0.  Nctssc).  The  movements 
cease  when  the  intestines  are  cooled  to  19°  C.  {Hovwath),  while  severe  inflammation  of  the 
intestine  has  a  similar  effect.  Under  favourable  circumstances,  the  intestine  may  recover  from 
this  condition.  Arterial  blood  admitted  into  the  vessels  of  the  exhausted  intestine  causes 
peristalsis,  which  at  first  is  more  vigorous  than  normal. 

5.  The  continued  application  of  strong  stimuli  causes  complete  paralysis  of  the 
intestine,  such  as  occurs  after  violent  peritonitis,  or  inflammation  of  the  muscu- 
lature or  mucous  coat  in  man.  In  this  condition,  the  intestine  is  greatly  distended, 
as  the  paralysed  musculature  does  not  offer  sufficient  resistance  to  the  intestinal 
gases  which  are  expanded  by  the  heat.  This  constitutes  the  condition  of 
meteorism. 

Influence  of  Nerves. — With  regard  to  the  nerves  of  the  intestine,  stimulation  of 
the  vagus  increases  the  movements  (of  the  small  intestine),  either  by  conducting 
impressions  to  the  plexus  myentericus,  or  by  causing  contraction  of  the  stomach, 
which  stimulates  the  intestine  in  a  purely  mechanical  manner  (Braam-Houckgeest). 
The  splanchnic  is  (1)  the  inhibitory  nerve  of  the  small  intestine  {Pfliiger),  but 
only  as  long  as  the  circulation  in  the  intestinal  blood-vessels  is  undisturbed,  and 
the  blood  in  the  capillaries  does  not  become  venous  ;  when  the  latter  condition 
occurs,  stimulation  of  the  splanchnic  increases  the  peristalsis.  If  arterial  blood  be 
freely  supplied,  the  inhibitory  action  continues  for  some  time.  Stimulation  of  the 
origin  of  the  splanchnics,  of  the  spinal  cord  in  the  dorsal  region  (under  the  same 
conditions),  and  even  when  general  tetanus  has  been  produced  by  the  administration 
of  strychnia,  causes  an  inhibitory  effect.  It  is  inferred  that  the  splanchnic  contains 
- — (2)  inhibitory  fibres,  which  are  easily  exhausted  by  a  venous  condition  of  the 
blood,  and  also  motor  fibres,  which  remain  excitable  for  a  longer  time,  because  after 
death,  stimulation  of  the  splanchnics  always  causes  peristalsis,  just  like  stimulation 
of  the  vagus.  (3)  It  is  the  vaso-motor  nerve  of  the  intestinal  blood-vessels,  so  that 
it  governs  the  largest  vascular  area  in  the  body.  When  it  is  stimulated,  all  the 
vessels  of  the  intestine  which  contain  muscular  fibres  in  their  walls  contract ;  wdien 
it  is  divided,  they  dilate.  In  the  latter  case,  a  large  amount  of  blood  accumulates 
within  the  blood-vessels  of  the  abdomen,  so  that  there  is  anaemia  of  the  other  parts 
of  the  body,  which  may  be  so  great  as  to  cause  death — owing  to  the  deficient  supply 
of  blood  to  the  medulla  oblongata.  (4)  It  is  the  sensory  nerve  of  the  intestine, 
and,  under  certain  circumstances,  it  may  give  rise  to  very  painful  sensations. 

As  stimulation  of  the  splanchnic  contracts  the  blood-vessels,  von  Basch  has  raised  the  ques- 
tion whether  the  intestine  does  not  come  to  rest,  owing  to  the  want  of  the  blood,  which  acts  as 
a  stimulus.  But,  when  a  weak  stimulus  is  applied  to  the  splanchnic,  the  intestine  ceases  to 
move  before  the  blood-vessels  contract  {van  Bramn-Houckgecst) ;  it  would  therefore  seem  that 
the  stimulation  diminishes  the  excitability  of  the  plexus  myentericus.  According  to  En^el- 
mann  and  y.  Brakel,  the  peristaltic  movement  is  chiefly  propagated  by  direct  muscular  con- 
duction, as  in  the  heart  and  ureter,  without  the  intervention  of  any  nerve-fibres 

[Effect  of  Nerves  on  the  Eectum.— The  nervi  erigentes,  when  stimulated,  cause  the  longi- 
tudmal  muscular  fibres  of  the  rectum  to  contract,  while  the  circular  muscular  fibres  are  supplied 
by  the  hypogastric  nerves.  Stimulation  of  the  latter  nerves  also  exerts  an  inhibitory  eff"ect  on 
the  longitudinal  muscles.  Stimulation  of  the  nervi  erigentes  inhibits  not  only  the  spontaneous 
movements  of  the  circular  fibres  of  the  rectum,  but  also  those  movements  excited  by  stimulation 
of  the  hypogastric  nerves  {Fellncr).] 

[Artificial  Circulation  in  the  Intestine. —Ludwig  and  Salvioli  excised  a,  loop  of  intestine 
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from  an  animal,  tied  a  cannula  into  an  artery  and  another  into  a  vein,  and  kept  it  in  a  warm  moist 
atmosphere.  The  arterial  cannula  was  connected  with  a  vessel  containing  defibrinated  blood, 
to  which  different  drugs  could  be  added.  A  lover  rested  on  the  intestine,  and  registered  its 
movements  on  a  recording  surface.  As  long  as  arterial  blood  was  tranfused,  the  intestine  was 
nearly  quiescent,  but  when  it  was  arrested,  so  that  the  blood  became  venous,  a  series  of  con- 
tractions occurred.  Nicotin  diminished  the  flow  of  blood  and  quickened  the  intestinal  move- 
ments, while  at  the  same  time  the  circular  muscular  fibres  remained  contracted  or  tetanic. 
Tincture  of  opium,  in  the  proportion  of  -01  to  -04  in  the  blood,  causes  at  first  contraction  of  the 
vessels,  and  lessens  the  amount  of  blood  circulatiug  in  the  intestine  ;  but  it  very  rapidly  increases 
— even  to  si.x  times— the  amount  of  blood  which  transfuses,  while  at  the  same  time  the  move- 
ments of  the  intestine  cease,  the  walls  of  the  intestine  being  contracted.  Peptone  caused  first 
strong  and  then  irregular  contractions.] 

Effect  of  Drugs. —Amongst  the  reagents  which  act  upon  the  intestinal  movements  are  :— (1) 
Such  as  diminish  the  excitability  of  the  plexus  myentericus,  i.e.,  which  les.sen  or  even  abolish 
intestinal  peristalsis,  e.g.,  belladonna.  (2)  Such  as  stimulate  the  inhibitory  fibres  of  the 
splanchnic,  and  iu  large  doses  paralyse  then;— opium,  morphia  ;  1  and  2  produce  constipation. 
(3)  Other  agents  excite  the  motor  apparatus — nicotin  (even  causing  spasm  of  the  intestine), 
muscarin,  caffein,  and  many  laxatives,  which  act  as  purgatives.  The  movements  produced  by 
muscarin  are  abolished  by  atropin.  These  substances  accelerate  the  evacuation  of  the  intestine, 
and,  owing  to  the  rapid  movement  of  the  intestinal  contents,  only  a  small  amount  of  water  is 
absorbed  ;  so  that  the  evacuations  are  frequently  fluid.  (4)  Kmongat  purgatives ,  colocynth  and 
croton  oil  act  as  direct  irritants.  "With  regard  to  drugs  of  this  sort,  they  seem  to  cause  a  watery 
transudation  into  the  intestine,  just  as  croton  oil  causes  vesicles  when  applied  to  the  skin.  (5) 
Calomel  is  said  to  limit  the  absorptive  activity  of  the  intestinal  wall,  and  to  control  the  decom- 
positions iu  the  intestine.  The  stools  are  thiu  and  greenish,  from  the  admixture  of  biliverdin. 
(6)  Certain  saline  purgatives — sodium  sulphate,  magnesium  sulphate — cause  fluid  evacuations 
by  retaining  the  water  iu  the  intestine  ;  and  it  is  said  that  if  they  be  injected  into  the  blood- 
vessels of  animals,  they  cause  constipation.  [When  a  crystal  of  a  potash  salt  is  applied  to  the 
peritoneal  surface  of  the  intestine  of  an  animal,  it  causes  merely  a'local  constriction  of  the  mus- 
cular fibres  of  the  gut,  while  a  sodium  salt  excites  a  contraction  which  passes  upwards  towards 
the  stomach,  and  never  towards  the  rectum.  In  any  case  it  may  serve  as  a  useful  guide  to  the 
surgeon,  in  determining  which  is  the  upper  end  of  a  piece  of  intestine  during  an  operation  on 
the  intestines  {Nothnagel).'\ 

[Saline  Cathartics. — A  salt  exerts  a  genuine  excito-secretory  action  on  the  glands  of  the 
intestines,  whilst  at  the  same  time,  in  virtue  of  its  low  difTusibility,  it  impedes  absorption. 
Thus,  between  stimulated  secretion  and  impeded  absorption  there  is  an  accumulation  of  fluid 
within  the  canal,  which  reaches  the  rectum  and  results  in  purgation.  Purgation  does  not  ensue 
when  water  is  withheld  from  the  diet  for  one  or  two  days  previous  to  the  administration  of  the 
salt  in  a  concentrated  form.  When  a  concentrated  solution  of  a  salt  is  administered  to  an 
animal  whose  alimentary  canal  is  empty,  but  whose  blood  is  in  a  natural  state  of  dilution,  the 
blood  becomes  rapidly  very  concentrated,  and  reaches  the  maximum  of  its  concentration  in  from 
half  an  hour  to  an  hour  and  a  half  ;  within  four  hours  the  blood  has  gradually  returned  to  its 
normal  state  of  concentration,  without  having  reabsorbed  fluid  from  the  intestine.  It  appar- 
ently recoups  itself  from  the  tissue-fluids.  The  salt — sulphate  of  magnesia  or  sulphate  of  soda 
— becomes  split  up  in  the  small  intestine,  and  the  acid  is  more  rapidly  absorbed  than  the  base. 
A  portiou  of  the  absorbed  acid  shortly  afterwards  returns  to  the  intestines,  evidently  through 
the  intestinal  glands.  The  salt  does  not  purge  when  injected  into  the  blood,  and  excites  no 
intestinal  secretion  ;  nor  does  it  purge  when  injected  subcutaneously,  iinless  on  account  of  its 
causing  local  irritation  of  the  abdominal  subcutaneous  tissue,  which  acts  reflexly  on  the  intestines, 
dilating  their  blood-vessels,  and  perhaps  stimulating  their  muscular  movements  {M.  Hay). 

162.  STRUCTURE  OF  THE  STOMACH.— [The  stomach  receives  the  bolus, 
and  secretes  a  juice  which  acts  on  certain  constituents  of  the  food,  while  by  its 
muscular  walls  it  moves  the  latter  within  its  own  cavity,  and  after  a  time  expels 
the  partially  digested  products  towards  the  duodenum.] 

Structure. — [The  walls  of  the  stomach  consist  of  four  coats,  which  are  from 
Avithout  inwards  (fig.  177) — 

(1)  The  serous  layer,  from  the  peritoneum. 

(2)  The  muscular  layer,  composed  of  three  layers  of  non-striped  muscular  fibres — {a) 

longitudinal,  {h)  circular,  (c)  oblique  (§  15). 

(3)  The  sub-mucous  layer  of  loose  connective -tissue,  with  the  larger  blood-vessels,  lym- 

phatics, and  nerves. 

(4)  The  mucous  layer.] 

.  The  well-developetl  mucous  membrane  of  the  stomach  is  thrown  into  a  series  of  folds  or 
rugae,  in  a  contracted  condition  of  the  organ.    With  the  aid  of  a  hand-lens,  it  is  seen  to  bo 
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beset  with  small  irrei^alar  depressions  or  pits  (fig.  179).  Throughout  its  entire  extent  it  is 
coTe  J  by  a  s  nglc  layer  of  nioderately  tall,  narrow,  cylindrical  ep  thehum,  .Wuch  seems  to 
^  ^         °       ^  consistof  muciis-secretinggoblet-ceHs(hg.  1/8).  The 

epithelium  is  sharply  defined  at  the  cardia  from  the 
stratified  epithelium  of  the  esophagus,  and  also  at  the 
pylorus,  from  the  true  cylindrical  epithelium  with  the 
striated  disc  in  the  duodenum.  [The  cells  contain  a 
plexus  of  fibrils,  and  in  the  passive  condition  seem  to 
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Fig.  177. — Vertical  section  of  the  wall  of  the  human  stomach,  x  15.  E.,  epithelium  ;  Gl,  glands  ; 
Jfm.,  muscularis  mucoste.  Fig.  178.- — Goblet-cells  of  the  stomach.  Fig.  179. — Surface  sec- 
tion of  the  dog's  gastric  mucous  membrane,  showing  pits,  i,  i  ;  a,  the  elevations  round  i,  i. 

consist  of  two  zones,  an  outer  clear  part,  next  the  lumen  of  the  organ,  consisting  of  a  sub- 
stance (mucigen)  which  yields  mucus,  the  attached  end  of  the  cell  being  granular.]  The  oval 
nucleus  lies  about  the  centre  of  the  cells.    Spindle-shaped,  nucleated  cells,  probably  for  re- 


Fig.  180. 

I,  Transverse  section  of  a  duct  of  a  fundus-gland — a,  membrana  propria  ;  I,  mucus-secretino- 
goblet-cells  ;  c,  adenoid  interstitial  substance.  II.  Transverse  section  of  a  fundus-gland— 
a,  chief,  h,  parietal-cells  ;  r,  adenoid  tissue  ;  c,  capillaries. 

placing  the  others,  are  said  by  Ebstein  to  occur  at  their  bases.  All  the  cells  are  open  at 
their  free  ends,  so  that  the  mucus  is  readily  discharged,  leaving  the  cells  empty.  JSTumerous 
tubular  glands  of  two  distinct  kinds  are  placed  vertically,  like  rows  of  test-tubes, "in  the  mucous 
membrane. 


PYLORIC  GLANDS  OF  THE  STOMACH. 


241 


rhe  cardiac  portion  of  the  gastric  mucous  monibrane  consists  of  a  number  of  microscopic 
tubular  glands  placed  side  by  side,  the  fundus-glands  of  Heidenhaiu,  otherwise  called  pei)tic, 
or  cardiac.  Several  gland-tubes,  which  are  wider  below,  usually  open  into  the  duct  (fig.  182). 
Kach  gland  consists  of  a  structureless  mcmbrana  j.ropria  with  anastomosing  branched  cells  in 
relation  with  it.  The  duct  is  short,  about  one-lifth  of  the  whole  tube,  and  is  lined  by  a  layer 
ot  cells  like  those  lining  the  stomach,  while  the  secretory  part  of  the  tubes  is  lined  through- 
out by  a  layer  of  granular,  short,  small,  polyhedral,  or  columnar 
nucleated  cells.  Tliese  cells  border  the  very  narrow  lumen 
and  are  called  principal  {IMdcnhain),  central  (tif.  180,  11, 
0,  or  adelomorphous  cells  (aSrjAos,  hidden).    At  various  places^ 

propria,  are  large,  oval. 


A 


between  these  cells  and  the  membrana 


or  angular,  well-defined,  granular,  densely  reticulated,  nucleated 
cells,  the  parietal  cells  of  Heidenhain,  the  delomorphous  cells  of 
RoUett,  or  the  oxyntic  (acid-forming)  cells  of  Langley  (fig.  180, 
II,  h).  They  are  most  numerous  in  the  neck  of  the  glands,  and 
least  so  in  the  deep  blind  end  of  the  tubes.  These  cells  are  stained 
deeply  by  osmic  acid  and  aniline  blue,  so  that  they  are  readilv  dis- 
tinguished from  the  other  cells.  They  bulge  out  the  membrana 
propria  of  the  gland  opposite  where  they  are  placed.  The  parietal 
cells  in  man  are  said  to  reach  to  the  lumen  of  the  gland-tubes 
(Stohr).  Isolated  cells  are  sometimes  found  under  the  epithelium 
of  the  surface  of  the  stomach,  and  occasionally  in  individual  pyloric 
glands.  The  fundus-glands  are  most  numerous  (about  live  millions), 
and  are  of  considerable  size  in  the  fundus. 

2.  The  pyloric  glands  occur  only  in  the  region  of  the  pylorus, 
where  the  mucous  membrane  is  more  yellowish-white  in  colour  (tig. 
181,  A).  These  glands  are  generally  branched  at  their  lower  ends, 
so  that  several  tubes  open  into  a  single  duct  [which,  in  contra- 
distinction to  the  duct  of  the  other  glands,  is  wide  and  long,  extend- 
ing often  to  half  the  depth  of  the  mucous  membrane.  The  duct  is 
lined  by  epithelium  like  that  lining  the  stomach,  while  the  secretory 
part  is  lined  by  a  single  layer  of  short,  finely  granular,  columnar 
cells,  whose  secretion  is  quite  different  from  that  of  the  cells  lining 
the  duct.  The  lumen  is  well  defined.  Nussbaum  has  occasionally 
found  other  cells,  which  stain  deeply  with  osmic  acid,  between  the 
bases  of  these.  The  appearance  of  the  cells  difiers  according  to 
their  state  of  physiological  activity  (figs.  183,  184).  When  they  are 
exhausted  they  are  smaller  and  more  granular,  owing  to  the  denser 
reticulation  of  their  network  ;  at  any  rate  thej'^  are  granular  in  pre- 
parations hardened  in  alcohol  (fig.  184).  There  are  no  parietal 
cells.] 

The  glands  are  supported  by  very  delicate  connective-tissue 
mixed  with  adenoid  tissue  (fig.  180).    Below  this  are  two  layers, 
circular  and  longitudinal,  of  non-striped  muscle,  the  muscularis 
and  from  it  fine  processes  of  smooth  muscular  fibres  [)ass  up  between 


181. 

A,  Isolated  pyloric  gland. 

mucosaB  (fig.  177,  IMm.), 
groups  of  the  glands 


towards  the  free  epithelial  surface  of  the  mucous  membrane.  Perha]is  these  processes  are  con- 
cerned in  emptying  the  glands.  [In  the  gastric  mucous  membrane  of  the  cat,  there  is  a  clear 
homogeneous  layer,  whicli  is  stained  red  by  picro-carmine,  and  placed  immediately  internal 
to  the  muscularis  mucos;e.  It  is  pierced  by  the  processes  passing  from  the  muscularis  mucosa^.] 
j\lasses  of  adenoid  tissue  occur  in  the  mucous  membrane,  especially  near  the  ])y]orus,  con- 
stituting lymph-follicles,  which  are  comparable  to  the  solitary  glands  of  tlic  small  intestine. 
The  lymphatics  are  numerous,  and  begin  close  under  the  epithelium  by  dilated  extremities  or 
loops  (fig.  182,  d)  ;  they  run  vertically,  and  anastomose  in  the  mucosa  between  the  gland-tubes, 
which  they  envelop  in  sinus-like  spaces.  They  join  large  trunks  in  the  mucosa  ;  another  plexus 
of  large  vessels  exivSts  in  the  sub-mucosa  (Loven). 

[The  Nerves. — A  plexus  of  iion-medullatcil  nerve-fibres  and  a  few  ganglion  cells  exist  in  the 
muscular  coat  [Auerbach's],  and  another  [Meissner's]  in  the  sub-mucosa.  ] 

The  blood-vessels  are  very  numerous.  Small  arterial  branches,  a,  run  in  the  sub-mucosa, 
and  ascend  between  the  glands  to  form  a  longitudinal  capillary  network,  c,c,  under  the  e])ithe- 
lium,  and  between  its  meshes  the  gland-ducts  open,  g.  The  veins  gradually  collect  from  this 
horizontal  capillary  network,  and  run  towards  the  large  veins  of  the  sub-mucosa,  v. 

163.  THE  GASTRIC  JUICE.— Properties.— The  gastric  juice  is  a  tolerably 
clear  colourless  fluid,  with  a  strong  acid  reaction,  sour  taste,  and  peculiar  character- 
istic odour;  it  rotates  the  plane  of  polarised  light  to  the  left.  It  is  not  rendered 
turbid  by  boiling,  and  resists  putrefaction  for  a  long  time.    Its  specific  gravity  = 

Q 
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inoo.r^  Mncr   1005^  and  it  contains  only  I-  per  cent,  of  solid  constituents.  The 
JuantUt'creted  i^^^  2  A^urs  .^as  estimated  by  Beaumont,  from  observations  upon 
Arx^rb^AIartin  who  had  a  gastric  fistula  (1834)-at  only  180  grms.  daily  (!)_;  by 
G  un  waif  0853),  in  a  simikr  case,  as  equal  to  26-4  per  cent,  ot  the  body-weight 
"rdde;-  and  Schmidt  (from  corresponding  observations  oM  e.t^^^^^^ 
enual  to  6^-  kilos,  daily,  corresponding  to  j\  of  the  body-weight.    It  contains. 
%  Pepiin!  the  characteristic  hfdrolytic  ferment  or  enzym,  which  dissolves 


Fig.  182. 

Vertical  section  of  the  gastric  mucous  membrane.  g,ff,  pits  on  the  surface  ;  2^,  neck  of  a  fundus- 
gland  opening  into  a  duct,  g  ;  x,  parietal,  and  ij,  chief  cells  ;  a,  v,  c,  artery,  vein,  capil- 
laries ;  d,  d,  lymphatics,  emptying  into  a  large  trunk,  c. 

proteids.  E.  Schiitz  obtained  0*41  to  1-17  per  cent,  from  a  fasting  person  by 
means  of  the  cesophageal  sound. 

(2)  Free  hydrochloric  acid  {Prout,  1824),  0-2  to  0-3  {Richet,  0-8  to  2-1)  per 
1000;  (in  the  dog,  0'52  per  cent.).  It  occurs  free,  as  the  gastric  juice  always  con- 
tains more  free  chlorine  than  bases,  to  which  it  can  be  united  (C.  Schmidt).  Lactic 
acid  is  usually  met  with,  but  it  arises  from  the  fermentation  of  the  carbohydrates 
of  the  food. 

Tests. — Free  hydrochloric  acid  is  detected  by  the  following  reactions  : — 0"025  per  cent,  solu- 
tion of  mythyl-violet  becomes  blue  ;  or  alkaline  solution  of  oo-tropaeolin  becomes  lilac  ;  or,  red 
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Bordeaux  wine,  treated  witli  amylic  alcohol  until  its  colour  almost  disappears,  becomes  rose- 
coloured.  [(.Uiiizburi,'  reeonnuends  an  alcoholic  solution  of  phloroglucin- vanillin.  2  grammes  of 
phloroglucin  are  mixed  with  1  gramme  of  vanillin  in  30  grammes  of  absolute  alcohol,  which  gives  a 
yellowish-red  solution.  Concentrated  and  even  very  \veak  mineral  acids  cause,  with  this  solution, 
a  bright  red  colour  with  the  formation  of  bright  red  crystals,  wdiile  concentrated  organic  acids 
do  not  aH'ect  it.  For  gastric  juice  mix  equal  quantities  of  the  filtered  gastric  juice  and  the 
above  solution  in  a  watch-glass,  and  evaporate  carefully,  not  allowing  it  to  boil;  a  red  pellicle 
with  red  crystals  indicates  the  presence  of  minute  traces  of  hydrochloric  acid.  Congo-red, 
either  in  solution  or  as  congo-red  papers,  becomes  blue,  but  tlie  reaction  is  interfered  with  by 
the  presence  of  ammonia,  or  aminoniacal  salts.] 

Lactic  Acid.— The  freshly-prepared  blue  solution  of  10  c.c.  of  a  4  per  cent,  solution  of 
carbolic  acid,  with  20  c.c.  of  distilled  water,  and  1  droji  of  liquor  ferri  perchloride,  is  changed  to 
yellow  by  lactic  acid  {Ufclmann). 


Fig.  183. 

Section  of  the  pyloric  mucous  membrane. 


Fig.  184 


Pyloric  glands  showing  changes  of  the 
cells  during  digestion. 


(3)  The  large  amount  of  mucus  covering  the  surface  of  the  mucous  membrane  is 
secreted  by  the  goblet-cells  of  the  mucous  membrane  {%  162),     136,  II.). 

(4)  Mineral  salts  (2  per  1000),  and  a  milk-curdling  ferment. 

They  are  chiefly  sodium  and  potassium  chlorides,  less  calcic  chloride  (ammonium  chloride, 
also  in  animals),  and  the  compounds  of  phosphoric  acid  with  lime,  magnesium,  and  iron. 

Amongst  foreign  substances,  which  may  be  introduced  into  the  body,  the  following  appear 
in  the  gastric  juice— HI,  after  the  use  of  potassium  iodide— potassium  sulphocyanide,  ferric 
lactate,  'and  sugar  ;  and  ammonium  carbonate  in  uraemia. 
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SECRETION  OF  GASTRIC  JUICE. 
[Composition  of  Gastric  Juice  {Hoppc-Scylcr  after  C.  Schmidt). 


Constituents. 

1. 

lluinim. 

Water,  .... 
Organic  matter, 
Free  HCl, 

C<iCl.„  .... 
KaCf,  .... 
KCl,  .... 
NH4CI,  .... 
Ca32(P04),  . 
M-32(PO,),  . 
FePO^,  .... 

994-404 
3-195 
0-200 

0-  061 

1-  465 
0-550 

1  1 

11.          1  III. 

Dug. 

IV. 

Sheep. 

WitJi  saliviu 

ISO  srtliva. 

97]  -171 

973-062 

986-143 

17-336 

17-127 

4-055 

2-337 

3-050 

1-234 

1-661 

0-624 

0-114 

3-147 

2-507 

4-369 

1-073 

1-1-25 

1-518 

0-537 

0-468 

0-473 

2-294 

1-729 

1-182 

0-323 

0-2-26 

0-577 

0-121 

0-0S2 

0-331 

Szabo  has  found  even  3  of  HCl 


Good  human  saliva  is  not  so  dilute  or  so  poor  in  HCl  as  I. 
per  1000  in  man.] 

164.  SECRETION  OF  GASTRIC  JUICE.— After  the  discovery  of  the  two 
kinds  of  glands  in  the  stomach  and  the  two  kinds  of  cells  in  the  fundus-glands, 
the  question  arose  as  to  whether  the  different  constituents  of  gastric  juice  were 
formed  by  different  histological  elements. 

Changes  of  the  Cells  during  Digestion. — During  the  course  of  digestion,  the  cells  of  the 
fundus  (and  pyloric  gland.s,  dog)  undergo  important  changes  {Heidcnhain).  During  hunger,  the 
chief  cells  are  clear  and  large,  the  parietal  investing-cells  are  small,  the  pjdoric  cells  clear  and 
of  moderate  size.  During  the  first  six  hours  of  digestion,  the  chief  cells  become  enlarged  and 
moderately  turbid  or  granular,  the  parietal  cells  also  enlarge,  while  the  pyloric  cells  remain 
unchanged.  The  chief  cells  become  diminished  and  more  turbid  or  granular  until  the  ninth 
hour,  the  parietal  cells  arc  still  swollen,  and  the  i)yloric  cells  enlarge.  During  the  last  hours 
of  digestion,  the  chief  cells  again  become  larger  and  clearer,  the  parietal  cells  diminish,  the 
pyloric  cells  decrease  in  size  and  become  turbid  (figs.  183  and  184). 

[Langley  gives  a  different  description  of  the  appearances  presented  by  these  cells.  The 
results  niaj'  be  reconciled  by  remembering  that  the  gland-cells  were  examined  under  different 
conditions.  The  secretory  cells  consist  of  a  cell-substance  composed  of  (a)  a  framework  of  living 
]irotoplasm,  either  in  the  form  of  an  intracellular  fibrillar  network,  or  in  flattened  bands.  The 
meshes  of  this  framework  enclose  at  least  two  chemical  substances,  viz.,  {h)  a  hyaline  substance 
in  contact  with  the  framework,  and  (c)  spherical  granules  which  are  embedded  in  the  hyaline 
substance.  During  active  secretion,  the  granules  decrease  in  number  and  size,  the  hyaline  sub- 
stance increases  in  amount,  the  network  grows.  This  is  the  reverse  of  what  is  stated  above  as  the 
observation  of  Heidenhain,  but  the  granular  appearance  described  by  Hcidenhain  after  secretion 
is  very  probably  due  to  the  action  of  the  hardening  agent,  alcohol.  Langley  found  that  in  the 
living  condition,  or  after  the  use  of  osmic  acid,  in  some  animals  at  least,  the  chief  cells  are 
granular  during  rest,  but  dtu-ing  a  state  of  activity  two  zones  are  differentiated,  an  outer  one, 
which  is  clear,  owing  to  the  disappearance  of  the  granules,  and  an  inner  more  or  less  granular 
one.  Granules  reappear  in  the  outer  part  after  rest.  During  digestion,  the  parietal  cells 
increase  in  size,  but  do  not  become  g^-anular.  In  all  cells  containing  much  pepsinogen,  distinct 
granules  are  present,  and  the  quantity  of  pepsinogen  varies  directly  with  the  number  and  size 
of  the  granules.  In  the  glands  of  some  animals  there  is  little  difference  between  the  resting 
and  active  phases.    Compare  Seroits  Glands,  §  143,  and  Pancreas,  %  168.] 

The  pepsin  is  formed  in  the  chief  cells  {Heidenhain).  When  these  are  clear  and 
large,  they  contain  much  pepsin  ;  when  they  are  contracted  and  turbid,  the  amount  is 
small.  The  pyloric  glands  are  also  said  to  secrete  pepsin,  but  only  to  a  small  extent. 
Pepsin  accumulates  during  the  first  stage  of  hunger,  and  it  is  eliminated  during 
digestion  and  also  during  prolonged  hunger.  Pepsin  as  stick,  is  not  present  within 
the  cells,  but  only  as  a  "  mother-substance,"  a  pepsinogen-substance  (zymogen),  or 
propepsin,  which  occurs  in  the  granules  of  the  chief  cells.  This  zymogen,  or  mother- 
substance,  by  itself,  has  no  effect  upon  proteids;  but  if  it  be  treated  with  hydrochloric 
acid  or  sodium  chloride,  it  is  changed  into  pepsin.  Pepsin  and  pepsinogen  may  be 
extracted  from  the  gastric  mucous  membrane  by  means  of  water  free  from  acids. 

[Pepsinogen  and  Pepsin. —Glycerine  exti-acts  very  little  pe]isin  from  the  perfectly  fresh 
gastric  nnicous  membrane,  but  a  large  amount  is  afterwards  obtained  by  extracting  it  with 
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ililute  liytlrochloric  acid,  or  with  this  acid  and  glycerine.  The  relative  amount  of  pepsinogen 
anil  pepsin  in  a  lluid  may  be  determined  approximately  by  the  method  of  Langley  and  Edkins. 
A  1  per  cent,  solution  of  sodic  carbonate  exerts  a  greater  destructive  action  on  i)epsin  than  on 
pepsinogen,  while  a  current  of  CO^  destroys  pepsinogen  to  a  greater  extent  than  pepsin.  Both 
substances  are  unaffected  by  CO,  but  are  destroyed  at  51'^  to  57°  C] 

The  pyloric  glands  secrete  pepsin,  but  no  acid.  Klemensiewicz  excised  in  a 
living  dog  the  pyloric  portion  of  the  stomach,  and  afterwards  stitched  together  the 
duodenum  and  the  remaining  part  of  the  stomach.  The  excised  pyloric  part,  with 
its  vessels  intact,  he  stitched  to  the  abdominal  wall,  after  sewing  its  lower  end. 
The  animals  experimented  on  died,  at  the  latest,  after  six  days.  The  secretion  of 
this  part  was  thin,  alkaline,  and  contained  2  per  cent,  of  solids,  including  pepsin. 

[Pyloric  FistiUa.— In  fig.  185  P  represents  the  excised  pyloric  portion,  C  the  cardiac.  The 
parts  a,  a,  and  a  a'  were  then  stitched  together,  and  the  con- 
tinuity of  the  organ  established.    The  lower  end  (d)  of  P  was 
closed  by  sutures,  while  the  edges  of  P  at  0  were  stitched  to 
the  abdominal  walls,  thus  making  a  pyloric  fistula.] 

In  the  frog  the  alkaline  glands  of  the  oesophagus 
contain  only  chief  cells  which  produce  pepsin;  while 
the  stomach  has  glands  which  secrete  acid  (and  per- 
haps some  pepsin),  and  are  lined  by  parietal  cells. 

Amongst  fishes  the  car[)S  have  no  fundus-glands  in  the 
stomach  {Luchau).  [The  secreting  portions  of  glands  of  the 
cardiac  sac  (crop)  of  the  herring  are  lined  by  single  layer  of 
polygonal  cells  ( /F.  Slii-lin;/).]  -  0   

The  hydrochloric  acid  is  formed,  according  to    l^iagram  of  Klemensiewicz's 
XT  •  1     1    -     1     ii  •  .  1      n       Ti.  i-1  experiment  i Stirling). 

Heidenham,  by  the  parietal  cells.    It  occurs  on  tiie 

free  surface  of  the  gastric  mucous  membrane  as  well  as  in  the  ducts  of  the  fundus- 
glands.  The  deep  parts  of  the  glands  are  usually  alkaline.  Free  HCl  is  detected 
in  human  gastric  juice,  within  45  minutes  to  1  to  2  hours  after  a  moderate  meal, 
but  in  10  to  15  minutes  in  a  fasting  condition  after  drinking  water;  the  amount 
gradually  increases  during  the  process  of  digestion.  Lactic  acid,  perhaps  derived 
from  the  food,  is  found  in  the  stomach  immediately  after  taking  food,  after  half  an 
hour  along  with  HCl,  while  after  an  hour  only  HCl  is  found  {Eioald  and  Boas). 

CI.  Bernard  injected  potassium  ferrocyanido  and  afterwards  lactate  of  iron  into  the  veins  of 
a  dog.  After  death,  blue  coloiation  occurred  only  in  the  up2Kr  acid  layers  of  the  mucous 
membrane.  Nevertheless,  we  must  assume  that  the  hydrochloric  acid  is  secreted  in  the  parietal 
cells  of  the  fundus  of  the  glands,  and  that  it  is  rapidly  carried  to  the  surface  along  with  the 
pepsin.  Briicke  neutralised  the  surface  of  tlie  gastric  mucous  membrane  with  magnesia  usta, 
chopped  up  the  mucous  membrane  with  water,  and  left  it  for  some  time,  when  the  fluid  had 
again  an  acid  reaction. 

As  to  the  formation  of  a  free  acid,  the  following  statements  may  be  noted  : — 
The  parietal  cells  form  the  hydrochloric  acid  from  the  chlorides  which  the  mucous 
membrane  takes  up  from  the  blood.  According  to  Voit,  the  formation  of  acid 
ceases,  if  chlorides  be  withheld  from  the  food.  Maly  suggests  that  the  active 
agent  is  lactic  acid,  which  splits  up  sodium  chloride  and  forms  free  HCl.  The 
base  set  free  is  excreted  by  the  urine,  rendering  it  at  the  same  time  less  acid. 
The  formation  of  acid  is  arrested  during  hunger.  According  to  H.  Schultz,  watery 
solutions  of  alkaline  and  eartliy  chlorides  are  decomposed,  even  at  a  low  tempera- 
ture, by  CO2,  free  hydrochloric  acid  being  formed. 

[The  source  of  the  HCl  is  undoubtedly  the  sodic  chloride  in  the  blood  and  lymph,  but  what 
other  acid  displaces  the  HCl  is  a  matter  Oi  conjecture.  In  this  connection,  it  is  important  to 
remember  that  Jul.  Thomsen  has  shown  that  every  acid  can  displace  a  part  of  another  acid  from 
its  combination  with  its  base,  and  the  weaker  acid  may  even  combine  with  the  greater  part  of 
the  base.  Thomsen  calls  this  "avidity."  Even  strong  mineral  acids  may  be  displaced  by  weak 
organic  ones.  Thus  the  free  CO.^  in  the  alkaline  blood  may  set  free  a  small  quantity  of  HCl  from 
the  sodic  chloride.  What  is  still  more  remarkable  is,  that  the  free  HCl  should  be  transferred  by 
the  cells  towards  the  gland-duct,  while  the  sodic  carbonate  dilfuses  towards  the  blood  and  lymph.] 

Secretion. — When  the  stomach  is  empty,  there  is  usually  no  secretion  of  gastric 
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juice  ;  this  takes  place  only  after  appropriate  (mechanical,  thermal,  or  chemical) 
stimulation.  In  the  normal  condition,  it  takes  place  immediately  on  the  introduc- 
tion of  food,  but  also  of  indigestible  substances,  such  as  pebbles.  The  mucous 
membrane  becomes  red,  and  the  circulation  more  active,  so  that  the  venous  blood 
becomes  brighter.  [That  the  vagi  are  concerned  in  this  vascular  dilatation,  is 
proved  by  the  fact,  that  if  both  nerves  be  divided  during  digestion,  the  gastric 
mucous  membrane  becomes  pale  {Rutherford).']  The  secretion  is  probably  caused 
reflexly,  and  the  centre  perhaps  lies  in  the  wall  of  the  stomach  itself  (Meissner's 
plexus  in  the  sub-raucous  coat).  It  is  asserted  that  the  idea  of  food,  especially 
during  hunger,  excites  secretion.  As  yet  we  do  not  know  the  effect  produced  upon 
the  secretion  by  stimulation  or  destruction  of  other  nerves,  e.g.,  vagus,  sympathetic. 
[There  is  no  nerve  passing  to  the  stomach,  whose  stimulation  causes  a  secretion  of 
gastric  juice,  as  the  chorda  tympani  does  in  the  submaxillary  gland.  If  the  vagi  be 
divided  sufficiently  low  down  not  to  interfere  with  respiration,  the  introduction  of 
food  still  causes  a  secretion  of  gastric  juice  ;  even  if  the  sympathetic  branches  be 
divided  at  the  same  time,  secretion  still  goes  on  {Heidenhain).  This  experiment 
points  to  the  existence  of  local  secretory  centres  in  the  stomach.  But  there  is 
evidence  to  show  that  there  is  some  connection,  perhaps  indirect,  between  the  central 
nervous  system  and  the  gastric  glands.  Eichet  observed  a  case  of  complete  occlusion 
of  the  oesophagus  in  a  woman,  produced  by  swallowing  a  caustic  alkali.  A  gastric 
fistula  was  made,  through  which  the  person  could  be  nourished.  On  placing  sugar 
or  lemon  juice  in  the  person's  mouth,  Eichet  observed  a  secx'etion  of  gastric  juice. 
In  this  case  no  saliva  could  be  swallowed  to  excite  secretion,  so  that  it  must  have 
taken  place  through  some  nervous  channels.  Even  the  sight  or  smell  of  food  caused 
secretion.    Emotional  states  also  are  known  to  interfere  with  gastric  digestion.] 

Effect  of  Absorption.  — Heidenhain  isolated  a  part  of  the  mucous  membrane  of 
i\\Q  fundus  so  as  to  forma  blind  sac  of  it,  and  he  found  that  mechanical  stimulation 
caused  merely  a  scanty  local  secretion  at  the  spots  irritated.  If,  however,  at  the 
same  time,  absorption  of  digested  matter  also  occurred,  secretion  took  i)lace  over 
larger  surfaces.  [He  distinguishes  a  primary  and  merely  local  secretion  excited  by 
the  mechanical  stimulus  of  the  ingesta,  and  a  secondary  depending  on  absorption, 
and  extending  to  the  whole  of  the  mucous  membrane.] 

The  statement  of  SchifF,  that  active  gastric  juice  is  secreted  only  after  absorption  of  the  so- 
called  peptogenic  substances  (especially  dextrin),  is  denied. 

The  acid  contents  of  the  stomach  called  chyme,  which  pass  into  the  duodenum 
after  gastric  digestion  is  completed,  are  neutralised  by  the  alkali  of  the  intestinal 
mucous  membrane  and  the  pancreatic  juice,  [at  the  same  time,  a  precipitate  is 
formed  and  deposited  on  the  walls  of  the  duodenum,  and  it  carries  the  pepsin  down 
with  it].  Part  of  the  pepsin  is  reabsorbed  as  such,  and  is  found  in  traces  in  the 
iirine  and  muscle  juice  {Brikke).  If  the  gastric  juice  be  completely  discharged  ex- 
ternally through  a  gastric  fistula,  the  alkalinity  of  the  intestine  is  so  strong  that 
the  urine  becomes  alkaline  (Mali/). 

The  acid  gastric  juice  of  the  new-bom  child  is  already  fairlv  active  ;  casein  is  most  easily 
digested  by  it,  then  librin  and  the  other  proteids  {Zweifcl).  AVhen  the  amount  of  acid  is  too 
great  in  the  stomach  of  sucklings,  large  firm  indigestible  masses  of  casein  are  apt  to  be  formed, 
especially  after  the  use  of  cow's  milk  (§  230). 

[Action  of  Drugs  on  Gastric  Secretion.  —Dilute  alkalies,  if  given  before  food  ;  saliva  ;  some 
substances  called  peptogens  by  Schiff,  such  as  dextrin  and  peptones,  alcohol  and  ether,  all 
excite  secretion,  the  last  being  very  powerful.  AVhen  the  secretion  is  excessively  acid,  antacids 
are  given,  some  diminishing  the  acidity  in  the  stomach,  as  the  carbonates  and  bicarbonates  of 
the  alkalies,  liquor  potassa,",  and  the  carbonate  of  magnesia ;  while  the  citrates  and  tartrates  of 
the  alkalies,  becoming  converted  into  carbonates  in  their  passage  through  the  organism,  diminish 
the  acidity  of  the  urine.]  Small  doses  of  alcohol,  introduced  into  the  stomach,  increase  the 
secretion  of  gastric  juice  ;  large  doses  arrest  it.  Artificial  digestion  is  affected  by  10  per  cent 
of  alcohol,  is  retarded  by  20  per  cent.,  and  is  arrested  by  stronger  doses.  Beer  and  wine  hinder 
digestion,  and  in  an  undiluted  form  interfere  with  artificial  dif^estion. 
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165.  METHODS  OF  OBTAINING  GASTRIC  JUICE. —Historical— Spallanzani  caused 
starving  animals  to  swallow  small  pieces  of  sponge  enclosed  in  perforated  lead  capsules,  and 
after  a  time,  when  the  sponges  had  become  saturated  with  gastric  juice,  he  removed  them  from 
the  stomach.  To  avoid  the  admixture  of  saliva,  tlie  sponges  are  best  introduced  througli  an 
opening  in  the  (esophagus.  Dr  Beaumont  (1825),  an  American  physician,  was  the  first  to 
obtain  human  gastric  juice,  from  a  Canadian  named  Alexis  St  Martin,  who  was  injured  by  a 
gun-shot  wound,  wdiereby  a  permanent  gastric  fistula  was  established.  Various  substances 
were  introduced  through  the  external  opening,  which  was  partially  covered  witli  a  fold  of  skin, 
and  the  time  required  for  their  solution  was  noted.  Bassow  (1842),  Blondlot  (1843),  and  Bar- 
deleben  _(1849)  were  thereby  led  to  make  artificial  gastric  fistula. 

Gastric  Fistula. — The  anterior  abdominal  wall  is  opened  by  a  median  incision  just  below  the 
ensiform  cartilage,  the  stomach  is  exposed,  and  its  anterior  wall  opened  and  afterwards  stitched 
to  the  margins  of  the  abdominal  walls.  A  strong  cannula  is  placed  in  the  fistula  thus  formed. 
The  tube  is  kept  corked.  If  the  ducts  of  the  salivary  glands  be  tied,  a  perfectly  uncomplicated 
object  for  investigation  is  obtained. 

According  to  Leube,  dilute  human  gastric  juice  may  be  obtained  by  means  of  a  syphon-like 
tube  introduced  into  the  stomach.    "Water  is  introduced  first,  and  after  a  time  it  is  withdrawn. 

An  important  advance  was  made  when  Eberle  (1834)  prepared  artificial  gastric  juice,  by 
extracting  the  pepsin  from  the  gastric  mucous  membrane  with  dilute  hydrochloric  acid.  Four 
litres  of  solution  of  hydrochloric  acid,  containing  4  to  8  c.c.  HCl  per  1000,  are  sufficient  to  exti-act 
the  chopped-up  mucous  membrane  of  a  pig's  stomach.  Half  a  litre  is  infused  with  the  stomach  and 
renewed  every  six  hours.  The  collected  fiuid  is  afterwards  filtered.  The  substance  to  be  digested 
is  placed  in  this  fluid,  and  the  whole  is  kept  at  the  temperature  of  the  body,  but  it  is  necessary 
to  add  a  little  HCl  from  time  to  time  {Schwann).  The  HCl  may  be  replaced  by  ten  times  its 
volume  of  lactic  acid  and  also  by  nitric  acid  ;  while  oxalic,  sulphuric,  phosphoric,  acetic,  formic, 
succinic,  tartaric,  and  citric  acids  arc  much  less  active  ;  butyric  and  salicyclic  acids  are  inactive. 

Von  Wittich's  Method. — [a)  Glycerine  extracts  pepsin  in  a  very  j^ure  form.  The  mucous 
membrane  is  rubbed  up  with  powdered  glass  until  it  forms  a  pulp,  mixed  with  glycerine,  and 
allowed  to  stand  for  eight  daj-s.  The  fluid  is  pressed  through  cloth,  and  the  filtrate  mixed  with 
alcohol,  thus  precipitating  the  pepsin,  which  is  washed  with  alcohol  and  afterwards  dissolved  in 
the  dihite  HCl,  to  form  an  artificial  digestive  fliiid.  [h)  Or  the  mucous  membrane  may  be 
placed  for  twenty-four  hours  in  alcohol,  and  afterwards  dried  and  extracted  for  eight  days  with 
glycerine,    {c)  AVm.  Roberts  has  used  other  agents  for  extracting  enzymes  (§  148). 

Preparation  of  Pure  Pepsin. — Briicke  pours  on  the  pounded  mucous  membrane  of  the  pig's 
stomach  a  5  per  cent,  solution  of  phosphoric  acid,  and  afterwards  adds  lime-water  until  the 
acid  reaction  is  scarcely  distinguishable.  A  copious  precipitate,  which  carries  the  pepsin  with 
it,  is  produced.  This  precipitate  is  collected  on  cloth,  repeatedly  washed  with  water,  and 
afterwards  dissolved  in  very  dilute  HCl.  A  copious  precipitation  is  caused  in  this  fluid,  by 
gradually  adding  to  it  a  mixture  of  cholesterin  in  four  parts  of  alcohol  and  one  of  ether.  The 
cholesterin  pulp  is  collected  on  a  filter,  washed  with  water  containing  acetic  acid,  and  after- 
wards with  pure  water.  The  cholesterin  pulp  is  placed  in  ether  to  dissolve  the  cholesterin,  and 
the  ether  is  then  removed.    The  small  watery  deposit  contains  the  pepsin  in  solution. 

Pepsin  so  prepared  is  a  colloid  substance ;  it  does  not  react  like  albumin  with 

the  following  tests,  viz.: — It  does  not  give  the  xanthroproteiu  reaction  (§  248),  is 

not  precipitated  by  acetic  acid  and  potassium  ferrocyanide,  nor  by  tannic  acid, 

mercuric  chloride,  silver  nitrate,  or  iodine.    In  other  respects  it  belongs  to  the 

group  of  albuminoids.    It  is  rendered  inactive  in  an  acid  fluid  by  heating  it  to 

.55°  to  00°  C. 

166.  PROCESS  OF  GASTRIC  DIGESTION.— [In  the  process  of  gastric 
digestion  we  have  to  consider — 

1.  The  secretion  of  gastric  juice  and  its  action  on  food. 

2.  The  absorption  of  the  products  of  this  digestion. 

3.  The  movements  of  the  stomach  itself.] 

Chyme. — The  finely  divided  mixture  of  food  and  gastric  juice  is  called  chyme 
The  gastric  juice  acts  upon  certain  constituents  of  chyme. 

I.  Action  on  Proteids.  — Pepsin  and  the  dilute  hydrochloric  acid,  at  the 
temperature  of  the  body,  transform  j)roteids  into  a  soluble  form,  to  which  Lehmann 
(1850)  gave  the  name  of  "peptone"  (§  249,  III.).  Fibrin  (or  coagulated  pro- 
teids) first  becomes  clear  and  swollen  up. 

[It  is  commonly  stated  that  the  first  product  formed  during  the  gastric  digestion 
of  proteids  is  syntonin  or  para-peptone,  then  hemi-albumose  or  pro-peptone,  and 
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filially  peptone.  The  products  vary,  however,  with  the  proteid  digested.  Kiihne 
has  shown  that  the  proteid  molecule  is  split  up,  and  yields  two  groups,  which  he 
calls  anti-peptone  and  hemi-peptone ;  the  former  can  be  split  up  into  leucin  and 
tyrosin  by  trypsin,  while  the  latter  does  not  undergo  this  change.  A  mixture  of  the 
two  he  calls  ampho-peptone. — The  intermediate  body  or  pro-peptone,  is  really  a 
mixture  of  several  bodies.  Kiihne  called  it  hemi-albumose.  These  intermediate 
bodies  from  albumin  are  called  albumoses,  from  globulins  globuloses,  from  casein 
caseoses.    Halliburton  calls  all  these  intermediate  bodies  "  proteoses."] 

Properties.  —Hemi-albumose,  although  a  composite  body,  gives  the  following  reactions  : — It  is 
liighly  soluble  in  water  ;  when  heated  to  50°  to  60"  it  becomes  somewhat  turbid,  but  when  boiled 
it  becomes  clear,  and  gets  turbid  again  on  cooling.  This  eflect  is  most  marked  when  it  is  treated 
with  acetic  acid  and  sodic  chloride,  or  the  latter  alone.  It  is  precipitated  by  acetic  acid  and 
potassic  forrocyanide,  but  the  precipitate  disappears  on  heating  and  reappears  on  cooling.  It 
gives  the  biuret  rosy  tint  reaction  like  peptones.  It  is  pi-ccipitated  by  nitric  acid,  and  the  ))re- 
cipitate  adheres  to  the  glass,  but  is  soluble  in  the  acid  rcitli  tlic  aid  of  heat,  yielding  a  yellow 
lluid,  but  is  jjrccipitated  on  cooling.  It  is  precipitated  by  boiling  with  acetic  acid  and  a  strong 
solution  of  sodic  sulphate,  metaphosphoric  acid,  and  pyrogallic  acid  {Kilhna).  It  is  said  to  be 
present  in  all  animal  tissues  except  muscle  and  nerve  (§  293). 

[Albumoses  are  the  first  products  of  the  splitting  up  of  proteids  by  enzymes,  and 

from  them  peptones  are  ultimately  formed.    They  may  be  made  from  Witte's 

peptone,  or  by  the  peptic  digestion  of  fibrin.    Such  a  mixture,  on  being  neutralised 

with  sodic  carbonate,  gives  a  copious  precipitate  of  para-peptones,  which  can  be 

filtered  ofE,  leaving  a  clear  solution  of  albumoses.    On  saturating  the  clear  fluid 

with  NaCl,  a  dense  white  precipitate,  consisting  of  three  albumoses,  called  proto-, 

dys-,  and  hetero-albumose  is  obtained ;  a  fourth,  deutero-albumose,  remains  in 

solution,  but  can  be  precipitated  by  adding  acetic  acid.    If  the  albumose  precipitate 

be  treated  with  10  per  cent.  NaCl  solution,  proto-  and  hetero-albumose  are  dissolved, 

leaving  dys-albumose  undissolved.    Dialysis  of  the  saline  solution  precipitates 

hetero-albumose,  leaving  proto-albumose  in  solution.    It  is  probable,  however,  that 

hetero-  and  dys-albumose  are  identical,  or  that  the  former  is  merely  an  insoluble 

form  of  the  latter.    The  albumoses  are  bodies  intermediate  between  albumins  and 

peptones,  and  of  the  three,  deutero-albumose  is  nearest  to  peptones.] 

[Properties. — Proto-albumose  is  soluble  in  distilled  water,  is  not  changed  by  heat,  but  is  pre- 
cipitated by  saturation  of  tlie  solution  with  sodic  chloride,  by  HNO;),  acetic  acid  and  potassic 
I'errocyanide,  copper  sulphate,  mercuric  chloride.  Deutero-albumose  is  very  like  the  foregoing, 
but  it  is  not  precipitated  by  HNO3  or  on  adding  sodic  chloride  to  saturation,  but  precipitation 
occurs  when  20  to  30  ])er  cent,  of  acetic  acid  is  added.  Hetero-albiimose  resembles  a  globulin  in 
its  properties  ;  it  is  insoluble  in  distilled  water,  but  is  soluble  in  saline  solutions  (10  to  15  per 
cent.),  and  is  partly  precipitated  from  its  solution  by  saturation  with  NaCl  or  dialysis.  It  is 
coagulated  by  heat.  _  All  give  the  rosy-pink  colour  with  the  biiiret-reaction,  and  they  are  all  pre- 
cipitated by  saturation  with  neutral  ammonia  sulphate,  which  peptones  are  not  {Kuhne  and 
CJuUeJiden).] 

[Globuloses  from  the  globulin  of  ox-serum  are  obtained  in  the  same  way,  although  the  ferment 
has  much  less  action  on  globulin  than  on  albumin.  Speaking  generally,  they  resemble  the 
albumoses]. 

By  the  continued  action  of  the  gastric  juice,  the  pro-peptone  passes  into  a  true 
soluble  peptone.  The  unchanged  albumin  behaves  like  an  anhydride  with  respect 
to  the  peptone.  The  formation  of  peptone  is  due  to  the  taking  up  of  a  molecule 
of  water,  under  the  influence  of  the  hydrolytic  ferment  pepsin,  and  the  action 
takes  place  most  readily  at  the  temperature  of  the  body.  Gelatin  is  changed  into 
a  gelatin-pejitone. 

According  to  Kiihne,  the  proteid  molecule  contains  two  substances  preformed  :  anti-albiimin 
and  hemi-albumin.  Gastric  juice  at  first  converts  them  into  anti-albumose  and  hemi-albumose, 
and  both  ultimately  into  anti-peptone  and  hemi-peptone  (§  170,  II. ).  Only  the  latter  is  split  up 
by  trypsin  into  leucin  and  tyrosin. 

The  greater  the  amount  of  pepsin  (within  certain  limits),  the  more  rapidly  does 
the  solution  take  place.  The  pepsin  suffers  scarcely  any  change,  and  if  care  be 
taken  to  renew  the  hydrochloric  acid,  so  as  to  keep  it  at  a  uniform  amount,  the 
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pepsin  can  dissolve  new  quantities  of  albumin.  Still,  it  seems  that  some  pepsin  is 
used  up  in  the  process  of  digestion  {Griitmer).  Proteids  are  introduced  into  the 
stomach  either  in  a  solid  (coagulated)  or  fluid  condition.  Casein  alone  of  the 
fluid  forms  is  precipitated  or  coagulated,  and  afterwards  dissolved.  The  non- 
coagulated  proteids  are  transformed  into  syntonin,  without  being  previously 
coagulated,  and  are  then  changed  into  pro-peptone  and  directly  peptonised,  i.e., 
actually  dissolved. 

When  albumin  is  clij^csted  by  pepsin  at  the  temperature  of  the  body,  a  not  inconsiderable 
amount  of  heat  disappears,  as  can  be  proved  by  calorimetric  exneriment  (iValy).  Hence,  the 
temperature  of  the  chyme  in  the  stomach  falls  0°-2  to  0°-6  C.  in  two  to  three  hours  {v.  Vintschgau 
and  Dictl). 

Coagulated  albumin  may  be  regarded  as  the  anhydride  of  the  fluid  form,  and  the 
latter  again  as  the  anhydride  of  peptone.  The  peptones,  therefore,  represent  the 
highest  degree  of  hydration  of  the  proteids. 

_  Hence,  peptones  may  be  formed  from  proteids  by  those  reagents  which  usually  cause  hydra- 
tion, viz.,  treatment  with  strong  acids  (from  fibrin,  with  0*2  HCl),  caustic  alkalies,  putrefactive 
and  various  other  ferments,  and  ozone. 

The  anhydride  proteid  has  been  prepared  from  the  hydrated  form.  Henniger 
and  Hofmeister,  by  boiling  pure  peptone  with  dehydrating  substances  (anhydrous 
acetic  acid  at  80°  C),  have  succeeded  in  decomposing  it  into  a  body  resembling 
syntonin. 

Peptones. — (1)  They  are  completely  soluble  in  water.  (2)  They  diffuse  very 
easily  through  membranes.  (3)  They  filter  quite  easily  through  the  pores  of  animal 
membranes.  (4)  They  are  not  precipitated  by  boiling,  nitric  acid,  acetic  acid  and 
potassium  ferrocyanide,  acetic  acid  and  saturation  with  common  salt.  (5)  They 
are  precipitated  from  neutral  or  feebly  acid  solutions  by  mercuric  chloride,  tann,ic 
acid,  bile  acids,  and  phosphoro-molybdic  acid.  (6)  With  Millon's  reagent  they  react 
like  proteids,  and  give  a  red  colour,  and  with  nitric  acid  give  the  yellow  xantho- 
protein  reaction.  (7)  With  caustic  potash  or  soda  and  a  small  quantity  of  cupric 
sulphate,  [or  Fehling's  solution],  they  give  a  beautiful  rosy-red  colour,  the  biuret- 
reaction.    (8)  They  rotate  the  plane  of  polarised  light  to  the  left. 

[Kiihne  and  Chittenden,  making  use  of  the  fact  that  ammonium  sulphate  to 
saturation  precipitates  all  proteids  from  solution  except  peptone,  have  reinvestigated 
the  subject,  and  they  find  that  many  of  the  peptones  of  commerce  contain  albumoses. 
Pure  peptone  has  remarkable  properties.  When  dissolved  in  water,  it  hisses  and 
froths  like  phosphoric  anhydride,  heat  is  evolved,  and  a  brown  solution  is  formed. 
It  is  difticult  to  preserve  it.  It  is  not  precipitated  by  NaCl,  or  NaCl  and  acetic 
acid,  but  is  completely  precipitated  by  phospho-tungstic  and  phospho-molybdic 
acids,  tannin,  iodo-mercuric  iodide,  picric  acid.  Peptones  have  a  cheesy  taste,  while 
albumin  and  albumoses  are  tasteless.] 

The  biuret-reaction  is  obtained  with  pro-peptone,  as  well  as  with  a  form  of  all)umin,  which  is 
formed  during  artificial  digestion  and  is  soluble  in  alcohol.  It  is  called  "  alkopliyr  "  by  Briicke. 
[Darby's  fluid-meat  gives  all  the  above  reactions,  and  is  very  useful  for  studying  the  tests  for 
peptones.] 

The  rapidity  of  solution  of  fibrin  is  tested  by  placing  fibrin,  which  is  swollen  up  by  tlie 
action  of  0-2  per  cent.  HCl  in  a  glass  funnel,  and  adding  tlie  digestive  fluid,  observing  the 
rapidity  with  wliicli  the  fluid,  the  altered  fibrin,  drops  from; the  funnel,  and  the  fibrin  disappears 
{Griinhagen).  Or  the  fibrin  maybe  coloured  with  carmine,  swollen  up  in  O'l  per  cent.  HCl, 
and  placed  in  the  digestive  fluid.  The  more  rapidly  the  fluid  is  coloured  red,  the  more  energetic 
is  the  digestion. 

Preparation. — Pure  2)eptones  are  prepared  by  taking  fluid  which  contains  them  and  neutralis- 
ing it  with  barium  carbonate,  evaporating  upon  a  water-bath,  and  filtering.  The  barium  is 
removed  from  the  filtrate  by  the  careful  addition  of  sulphuric  acid,  and  subsequent  filtration. 

Ptomaines.— Brieger  extracted  from  gastric  peptones  by  amylic  alcohol  a  peptone-free  poison, 
with  actions  like  those  of  curara.  It  belongs  to  the  group  oi  jitomaincs,  i.e.,  alkaloids  obtained 
from  dead  bodies  or  decomposing  proteids.  [Ptomaines  are  identical  with  the  alkaloids  in 
plants,  and  many  have  been  isolated.    The  term  leucoraaine  has  been  applied  by  Gautier  to 
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alkaloids  formed  bv  the  decomposition  of  albuminous  bodies  during  the  normal  metabolic 
processes  taking  place  in  the  tissues.  They  are  not  formed  by  the  activity  of  micro-organisms. 
Some  seem  to  be  formed  in  muscle,  and  are  closely  allied  to  creatin  and  xanthin.] 

Peptones  are  undoubtedly  those  modifications  of  albumin  or  proteids  which,  after 
their  absorption  from  the  intestinal  canal  into  the  blood,  are  destined  to  make  good 
the  proteids  used  up  in  the  human  organism.  By  giving  peptones  (instead  of 
albumin)  as  food,  life  can  not  only  be  maintained,  but  there  may  even  be  an  increase 
of  the  body-weight  {Flusz  and  Maly,  Adamkieioicz).  Very  probably,  before  being 
absorbed  into  the  blood-stream,  peptones  are  retransformed  into  serum-albumin 
(§  15)2). 

Conditions  affecting  Gastric  Digestion. — The  presence  of  already-formed  peptones  interferes 
■with  the  action  of  the  gastric  juice,  in  so  far  as  the  greater  concentration  of  the  fluid  interieres 
with  and  limits  the  mobility  of  the  fluid-particles.  Boiling,  concentrated  acids,  alum,  and 
tannic  acid,  alTcalinity  of  the  gastric  juice  {e.g.,  by  the  admixture  of  much  saliva),  abolish  the 
action  ;  also  sulphurous  and  arsenious  acids  and  potassic  iodide.  The  salts  of  the  heavy  metals, 
which  cause  precipitates  with  pepsin,  peptone,  and  mucin,  interfere  with  gastric  digestion,  and 
so  do  concentrated  solutions  of  alkaline  salts,  common  salt,  magnesium  and  sodium  sulphates. 
A  small  quanity  of  NaCl  increases  the  secretion  {Griiizncr)  and  favours  the  action  of  pepsin. 
Alkalies  rapidly  destroy  pepsin,  but  less  rapidly  pro-pepsin  {Langley).  Alcohol  precipitates  the 
pepsin,  but  by  the  subsequent  addition  of  water  it  is  redissolved,  so  that  digestion  goes  on  as 
before.  Any  means  that  prevent  the  proteid  bodies  from  swelling  up,  as  by  binding  them 
firmly,  impede  digestion.  Slightly  over  half  a  ])int  of  cold  water  does  not  seem  to  disturb 
healthy  digestion,  but  it  does  so  in  cases  of  disease  of  the  stomach.  Copious  draughts  of  water, 
and  violent  muscular  exercise,  disturb  digestion  ;  while  warm  clothing,  especially  over  the  pit 
of  the  stomach,  aids  it.  Menstruation  retards  gastric  digestion.  [Oddi  finds  that  the  presence 
of  large  quantities  of  ox  bile,  or  even  of  its  own  bile  in  the  stomach  of  a  dog,  does  not  aff"ect  the 
activity  of  the  gastric  juice,  does  not  precipitate  peptones,  and  does  not  excite  vomiting.] 

[Artificial  Digestion. — The  action  of  gastric  juice  on  proteids  may  be  observed 
outside  the  body,  and  we  can  prove,  as  is  shown  in  the  following  table,  after 
Eutherford,  that  pepsin  and  an  acid — e.g.,  hydrochloric,  along  with  water — are 
essential  to  the  formation  of  gastric  peptones: — 


Beaker  A. 

Beaker  B. 

Beaker  C. 

Water. 

Pepsin,  0'3  per  cent. 
Fibrin. 

Water. 

HCl,  0-2  per  cent. 

Fibrin 

Water. 

Pepsin,  0'3  per  cent. 
HCl,  0-2 
Fibrin. 

Keep  all  in  water-bath  at  38°  C. 

Unchanged. 

Fibrin  swells  up,  becomes  clear,  and  is 
changed  into  acid-albumin  or  syntonin. 

Fibrin  ultimately  changed 
into  peptone. 

[In  all  animals,  gastric  digestion  is  essentially  an  acid  digestion,  and  between  the 
native  proteid,  fibrin,  albumin,  or  any  other  form  of  proteid,  and  the  end-product 
peptone,  there  are  numerous  intermediate  substances,  many  of  whose  properties  and 
characters  have  still  to  be  investigated. 

[Exclusion  of  the  Stomach. — Ogata  finds  that  if  the  stomach  be  divided  at  the  pyloric  end  so 
as  to  exclude  the  stomach  from  the  digestive  apparatus,  a  dog  can  be  nourished  for  a  long  time 
by  introducing  food  through  the  pylorus  into  the  duodenum.  A  dog  has  lived  several  years 
after  excision  of  its  stomach  (Czcrny).  Raw  flesh  so  introduced  is  digested  more  rapidly  in  the 
small  intestine  than  in  the  stomach.  The  stomach  not  only  digests,  but  it  acts  on  the  connective- 
tissue  of  flesh  so  as  to  prepare  the  latter  for  intestinal  digestion.] 

II.  Action  on  other  Constituents  of  Food. — Milk  coagulates  when  it  enters  the 
stomach,  owing  to  the  precipitation  of  the  casein,  and  in  doing  so  it  entangles 
some  of  the  milk-globules.  During  the  process  of  coagulation,  heat  is  given 
off.  The  free  hydrochloric  acid  of  the  gastric  juice  is  itself  sufficient  to  pre- 
cipitate it;  the  acid  removes  from  the  alkali-albuminate  or  casein  the  alkali  which 
keeps  it  in  solution.    Haramarsten  separated  a  special  ferment  from  the  gastric 
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juice — quite  distinct  from  pepsin — the  milk-curdling  ferment  which,  quite  inde- 
pendently of  the  acid,  precipitates  the  casein  either  in  neutral  or  alkaline  solutions. 
It  is  this  ferment  or  rennet  which  is  used  to  coagulate  casein  in  the  making  of 
•cheese.  [Rennet  is  an  infusion  of  the  fourth  stomach  of  the  calf  in  brine  (§  231). 
The  ferment  which  coagulates  milk  is  quite  distinct  from  pepsin.  If  magnesic  car- 
bonate be  added  to  an  infusion  of  calf's  stomach,  a  precipitate  is  obtained.  The 
<!lear  fluid  has  strongly  coagulating  properties,  while  the  precipitate  is  strongly 
peptic.  ] 

The  action  of  the  milk-curdling  ferment  is  perhaps,  like  the  action  of  all  ferments,  a  hydration 
of  casein  ;  it  is  greater  in  the  presence  of  0"2  HCl. 

One  part  of  the  rennet-ferment  can  precipitate  800,000  parts  of  casein.  When  casein 
<;oagulates,  two  new  proteids  seem  to  be  formed — the  coagulated  proteid  which  constitutes 
•cheese,  and  a  body  resembling  peptone  dissolved  in  the  whey.  The  addition  of  calcium  chloride 
accelerates,  while  water  retards  the  coagulation  (§  231)  {Hammarsten).  [A  ferment  similar  to 
Tcnnet  is  contained  in  the  seeds  of  JVithania  coagulans  [s.  Lea).'] 

Casein  is  lirst  precipitated  in  the  stomach,  then  a  body  like  syntonin  is  formed,  and  finally 
peptone.  During  the  process,  a  substance  containing  phosphorus  and  resembling  nuclein 
appears  (Lubavin). 

There  is  a  "lactic  acid  ferment"  also  present,  which  changes  milk-sugar  into 
Jactic  acid  {Hammarsten).  Part  of  the  milk-sugar  is  changed  in  the  stomach  and 
intestine  into  grape-sugar. 

Action  on  Carbohydrates. — Gastric  juice  does  not  act  as  a  solvent  of  starch, 
inulin,  or  gums.  Cane-sugar  is  slowly  changed  into  grape-sugar.  According  to 
Uffelmann,  the  gastric  mucus,  and  according  to  Leube,  the  gastric  acid,  are  the 
•chief  agents  in  this  process.  On  albumenoids. — During  the  digestion  of  true 
cartilage,  there  is  formed  a  chondrin-peptone,  and  a  body  which  gives  the  sugar- 
reaction  with  Trommer's  test.  Perfectly  pure  elastin  yields  an  elastin-peptone, 
.similar  to  albumin-peptone,  and  hemi-elastin  similar  to  hemi-albumose.  A  very 
minute  quantity  of  fat  is  broken  up  into  glycerine  and  fatty  acids.  [On  neutral 
olive-oil  being  injected  into  the  stomach  of  a  dog,  after  several  hours^ — -the  pylorus 
being  plugged  with  an  elastic  bag — it  partly  splits  up  and  yields  oleic  acid  {Cash 
<ind  Offata).] 

[We  still  require  further  observations  on  the  gastric  digestion  of  fats.  Eichet  observed  in 
his  case  of  fistula,  that  fatty  matters  remained  a  long  time  in  the  stomach,  and  Ludwig  found 
the  same  result  in  the  dog.  In  some  dyspeptics,  rancid  eructations  often  take  place  towards 
the  end  of  gastric  digestion.] 

ni.  Action  on  the  various  Tissues. — (1)  The  gelatin-yielding  substance  (collagen)  of  all  the 
•connective-tissues  (connective-tissue,  white  fibro-cartilage,  and  the  matrix  of  bone),  as  well  as 
glutin,  is  dissolved  and  peptonised  by  the  gastric  juice.  [Gelatin,  when  acted  on  by  gastric  juice, 
no  longer  solidifies  in  the  cold,  but  a  gelatin-pepionc  is  formed,  which  is  soluble  and  dilTusiblc, 
although  it  differs  from  true  peptone.  In  the  dog,  connective-tissues  are  specially  acted  on  in 
the  stomach,  while  the  other  parts  of  organs  used  as  food  are  prepared  for  digestion  in  the  small 
intestine,  where  the  cellular  and  nuclear  elements  are  digested  by  the  pancreatic  juice 
■{Bik/alvi).]  (2)  The  structureless  membranes  (membranai  propria;)  of  glands,  sarcolemma, 
Schwann's  sheath  of  nerve-tibres,  capsule  of  tlie  lens,  the  elastic  lamina'  of  the  cornea,  the 
jnembranes  of  fat-cells  are  dissolved,  but  the  true  elastic  (fenestrated)  membranes  and  fibres  are 
not  affected.  (3)  Striped  muscle,  after  solution  of  the  sarcolemma,  breaks  up  transversely  into 
discs,  and,  like  non-striped  muscle,  is  dissolved,  and  forms  a  true  soluble  peptone,  but  parts  of 
the  muscle  always  pass  into  the  intestine.  (4)  The  albuminous  constituents  of  the  soft  cellular 
•elements  of  glands,  stratified  epithelium,  endothelium,  and  lymph-cells,  form  peptones,  but  the 
nuclein  of  the  nuclei  does  not  seem  to  be  dissolved.  (5)  The  homy  parts  of  the  epidermis, 
nails,  hair,  as  well  as  cliitin,  silk,  conchiolin,  and  spongin  of  the  lower  animals  are  indigestible, 
and  so  are  amyloid-substance  and  wax.  (6)  The  red  blood-corpuscles  are  dissolved,  the  ha;mo- 
globin  decomposed  into  hrematin  and  a  globulin-like  substance  ;  the  latter  is  peptonised,  while 
the  former  remains  unchanged,  and  is  partly  absorbed  and  transformed  into  bile-pigment. 
Fibrin  is  easily  dissolved  to  form  herai-  and  anti-peptone.  (7)  Mucin,  which  is  also  secreted 
by  the  goblet-cells  of  the  stomach,  passes  through  the  intestines  unchanged.  (8)  Vegetable  fats 
are  not  affected  by  the  gastric  juice  ;  these  cells  yield  their  protoplasmic  contents  to  form  pep- 
tones, while  the  cellulose  of  the  cell-wall,  in  the  case  of  man  at  least,  remains  undigested  (§  184). 

Why  the  Stomach  does  not  digest  itself. — That  the  stomach  can  digest  living  things  is 
^shown  by  the  following  facts  : — Bernard  introduced  the  leg  of  a  living  frog  through  a  gastric 
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fistula  into  the  stomach  of  a  dog.  Pavy  did  tlie  same  with  the  ear  of  a  rabbit,  and  in  both  the- 
objects  introduced  were  digested.  [Frenzel  has  modified  this  experiment,  and  shown  that  the 
legs  of  a  living  frog  are  digested  by  artificial  gastric  juice,  the  tissues  being  first  killed  and  then 
digested.  liis  experiments  go  to  show  that  the  alkalinity  of  the  blood  is  not  the  protective 
medium.]  The  margins  of  a  gastric  ulcer  and  of  gastric  fistulse  in  man  are  attacked  by  the 
gastric  juice.  John  Hunter  (1772)  discussed  the  question  why  the  stomach  does  not  digest 
itself.  Not  uufreiiuently  after  death  the  posterior  wall  of  the  stomach  is  found  digested,  [more 
esiiecially  if  the  person  die  after  a  full  meal  and  the  body  be  kept  in  a  warm  place,  whereby  the 
contents  of  the  stomach  may  escape  into  the  peritoneum.  CI.  Bernard  showed,  that  if  a  rabbit 
be  killed  and  placed  in  an  oven  at  tlie  temperature  of  the  body,  the  walls  of  the  stomach  are 
attacked  by  its  own  gastric  juice.  Fishes  also  are  freriuently  found  with  their  stomach  par- 
tially digested  after  death].  It  would  seem,  therefore,  that,  so  long  as  the  circulation  continues, 
the  tissues  are  protected  from  the  action  of  the  acid  by  the  alkaline  blood  ;  this  action  cannot 
take  place  if  the  reaction  be  alkaline  {Pavy).  [This,  however,  does  not  explain  why  the  pan- 
creatic juice  does  not  digest  the  pancreas.]  Ligature  of  the  arteries  of  the  stomach,  causes, 
digestive  softening  of  the  gastric  mucous  membrane.  The  thick  layer  of  mucus  may  also  aid  in 
j)rotecting  the  stomach  from  the  action  of  its  own  gastric  juice  {CI.  Bernard). 

167.  GASES  IN  THE  STOMACH. — The  stomach  always  contains  a  certain 
quantity  of  gas,  derived  partly  from  the  gases  swallowed  with  the  saliva,  partly  from^ 
gases  which  pass  backwards  from  the  duodenum. 

The  air  in  the  stomach  is  constantly  undergoing  changes,  whereby  its  O  is 
absorbed  by  the  blood,  and  for  1  vol.  of  O  absorbed  2  vols,  of  CO.,  are  returned  to 
the  stomach  from  the  blood.  Hence,  the  amount  of  O  in  the  stomach  is  verj'- 
small,  the  COg  very  considerable  {Planer). 

Gases  in  the  Stomach. — Vol.  per  cent.  {Planer). 


Human  Subject  after  Vegetable  Diet. 

Dog. 

I. 
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By  the  acid  of  the  stomach  a  part  of  the  COg  is  set  free  from  the  saliva,  which' 
contains  much  CO.,  (§  146).    The  N  acts  as  an  indifferent  substance. 

Abnormal  development  of  gases  in  persons  suffering  from  gastric  catarrh,  occurs  when  the 
gastric  contents  are  neutral  in  reaction  ;  during  the  butyric  acid  fermentation  H  and  CO2  are 
-  ^        -  formed;  the  acetic  acid  and  lactic  acid  fermentations  do  not  cause  the 

formation  of  gases.  Marsh-gas  (CH4)  has  been  found,  but  it  comes  from, 
the  intestine,  as  it  can  only  be  formed  when  no  0  is  present  (§  184). 


168.  STRUCTTJRE  OF  THE  PANCREAS.— The  pancreas  is  a  com- 
pound  tubular  gland,  and  in  its  general  arrangement  into  lobes,  lobules, 
and  system  of  ducts  and  acini,  it  corresponds  exactly  to  the  ti'ue- 
salivary  glands.  The  epithelium  lining  the  ducts  is  not  at  all,  or  only 
faintly,  striated.  The  acini  are  tubular  or  flasked-shaped,  and  often 
convoluted.  They  consist  of  a  membrana  propria,  resembling  that  of 
the  salivary  glands,  lined  by  a  single  layer  of  somewhat  cylindrical 
cells,  with  a  more  or  less  conical  apex,  directed  towards  the  very  narrow 
lumen  of  the  acini.  [As  in  the  salivary  glands,  there  is  a  narrow 
intermediary  part  of  the  ducts  opening  into  the  acini,  and  lined  by 
flattened  epithelium.]  The  cells  lining  the  acini  consist  of  two  zones 
(fig.  186) 

(1)  The  smaller  outer  or  parietal  layer  is  transparent,  homogeneous, 
sometimes  faintly  striated,  and  readily  stained  with  carmine  and  log- 
wood ;  and  (2)  the  inner  layer  (Bernard's  granular  layer)  is  granular,  and  stains  but  slightfy 
with  carmine  (fig.  186).  It  undoubtedly  contributes  to  the  secretion  by  giving  off  material, 
the  granules  being  dissolved,  while  the  zone  itself  becomes  smaller.  The  spherical  nucleus  lies 
between  the  two  zones.  [The  lumen  of  the  acini  is  very  small,  and  spindle-shaped  or  branched 
cells  (centro-acinar  cells)  lie  in  it,  and  send  their  processes  between  the  secretory  cells,  thus 
acting  as  supporting  cells  for  the  elements  of  the  wall  of  the  acini.    During  secretion,  there  is  a 


Fig.  186. 

Section  of  the  fresh 
pancreas. 
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•continuous  change  in  the  appearance  of  the  cell-substance  ;  the  granules  of  the  inner  zone  dis- 
solve to  form  part  of  the  secretion  ;  new  granules  are  formed  in  the  homogeneous  substance  of 
the  outer  zone,  and  pass  towards  the  inner  zone  (Hcidenhain,  Kiihne  and  Lea). 

Changes  in  the  Cells  during  Digestion.— During  the  first  stage  (6  to  10  hours)  the  granular 
inner  zone  dimiuishes  in  size,  the  granules  disappear,  while  the  striated  outer  zone  increases  in 
size  (tig.  1S7,  2).  In  the  second  stage  (10  to  20  hours)  the  inner  zone  is  greatly  enlarged  and 
granular,  while  the  outer  zone  is  small  (lig.  187,  3).  During  hunger  the  outer  zone  again 
enlarges  (fig.  187,  1).  In  a  gland  where  paralytic  secretion  takes  place,  the  gland  is  much 
diminished  in  size,  the  cells  are  shrivelled  (fig.  187,  4)  and  greatly  changed.  According  to 
Ogata,  some  cells  actually  disappear  during  secretion. 

The  axially-placed  excretory  duct  consists  of  an  inner  thick  and  an  outer  loose  wall  of  con- 
nective and  elastic  tissues,  lined  by  a  single  layer  of  columnar  epithelium.  Small  mucous 
glands  lie  in  the  largest  trunks.  Non-medullated  nerves,  with  (jamjlia  in  their  course,  pass  to 
the  acini,  but  their  mode  of  termination  is  unknown.  The  blood-vessels  form  a  rich  capillary 
plexus  round  some  acini,  while  round  others  there  are  very  few.  Kiihne  and  Lea  found  peculiar 
small  cells  in  groups  between  the  alveoli,  and  supplied  with  convoluted  capillaries  like  glomeruli. 
Their  significance  is  entirely 
unknown.  [They  are  probably 
lymphatic  in  their  nature.] 
The  lymphatics  resemble  those 
of  the  salivary  glands.  When 
a  coloui'ed  injection  is  forced 
into  the  ducts  under  a  high 
pressure,  fine  intercellular  pas- 
sages between  the  secreting 
cells  are  formed  {Saviotti's 
canals),  but  they  are  artificial  Changes  of  the  pancreatic  cells  in  various  stages  of  activity.  1, 
products.]  During  hunger;  2,  in  the  first  stage  of  digestion;  3,  in  the 

[Number    of    Ducts.  —  In     second  stage  ;  4,  during  paralytic  secretion, 
making  experiments  upon  the 

pancreatic  secretion,  it  is  important  to  remember  that  the  number  of  pancreatic  ducts  varies  in 
ditierent  animals.  In  man  there  is  one  duct  opening  along  with  the  common  bile-duct  at  Vater's 
ampulla,  at  the  junction  of  the  middle  and  lower  third  of  the  duodenum.  The  rabbit  has  two 
ducts,  the  larger  opening  separately  about  14  inches  (30  to  35  cm.)  below  the  entrance  of  the 
bile-duct.    The  dog  and  cat  have  each  two  ducts  opening  separately.] 

Chemistry. — fresh  pancreas  contains:  water,  proteids,  ferments,  fats,  and  salts.  In  a 
^land  which  has  been  exposed  for  some  time,  much  leucin,  isoleucin,  butalin,  tyrosin,  often 
xanthin  and  guanin,  are  found  :  lactic  and  fatty  acids  seem  to  be  formed  from  chemical  decom- 
positions taking  place. 

169.  THE  PANCREATIC  JUICE. —Method. —Regner  de  Graaf  (1664)  tied  a  cannula  in  the 
pancreatic  duct  of  a  dog,  and  collected  the  juice  in^a  small  bag.  Other  experimenters  made  a 
temporary  fistula.  To  make  a  permanent  fistula,  the  abdomen  is  opened  (dog),  the  pancreatic 
duct  pulled  forward,  and  stitched  to  the  abdominal  wall,  with  which  it  unites.  Heidenhain 
cuts  out  the  part  of  the  duodenum  where  the  duct  opens  into  it,  from  its  continuity  with  the 
intestine,  and  fixes  it  outside  the  abdominal  wound. 

The  secretion  obtained  from  a  permanent  fistula  is  a  copious,  slightly  active, 
watery  secretion,  containing  much  sodium  carbonate  ;  while  the  thick  fluid  obtained 
from  the  fistula  before  inflammation  sets  in,  or  that  from  a  temporary  fistula,  acts 
far  more  energetically.  This  thick  secretion,  which  is  small  in  amount,  is  the 
normal  secretion.  The  copious  watery  secretion  is  perhaps  caused  by  the  increased 
transudation  from  the  dilated  blood-vessels  (possibly  in  consequence  of  the  paralysis 
of  the  vaso-motor  nerves).  It  is,  therefore,  in  a  certain  sense,  a  "  paralytic  seci-e- 
tion"  (§  145).  The  quantity  varies  :  much,  according  as  the  fluid  is  thick  or  thin. 
During  digestion,  a  large  dog  secretes  1  to  1*5  gramme  of  a  thick  secretion  (CY. 
Bernard).  Bidder  and  Schmidt  obtained  in  twenty-four  hours  35  to  117  grammes 
of  a  watery  secretion  per  kilo,  of  a  dog.  When  the  gland  is  not  secreting,  and  is 
at  rest,  it  is  soft,  and  of  a  pale  yellowish-red  colour,  but  during  secretion  it  is  red 
and  turgid  with  blood,  owing  to  the  dilatation  of  the  blood-vessels. 

The  normal  secretion  is  transparent,  colourless,  odourless,  saltish  to  the  taste, 
and  has  a  strong  alkaline  reaction,  owing  to  the  presence  of  sodium  carbonate,  so 
that  when  an  acid  is  added,  CO.,  is  given  off.  It  contains  albumin  and  alkali- 
albuminate  ;  it  is  sticky,  somewhat  viscid,  flows  with  difficulty,  and  is  coagulated 
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by  heat  into  a  white  mass.  In  the  cold,  there  separates  a  jelly-hke  albuminous 
coao-ulum.  Nitric,  hydrochloric,  and  sulphuric  acids  cause  a  precipitate  ;  while  the 
precipitate  caused  by  alcohol  is  redissolved  by  water.  CI.  Bernard  found  in  the 
pancreatic  juice  of  a  dog  8-2  per  cent,  of  organic  substances,  and  0-8  per  cent,  of 
ash.    The  juice  (dog)  analysed  by  Carl  Schmidt  contained  in  1000  parts  : — 

r  Sodic  chloride,     .       .       .  7  "36 

,,    phosphate,         .       .  0*45 

(Organic,     .       .       81-84  |  sulphate,    .       .       .  0-10 

Solids,  90-38  in  1  Inorganic,  .       .         8-54  J  Soda   0-32 

1000  parts.     1      (like  those  of 
(  blood-serum). 


Lime,   0-22 

Magnesia,    .       .       .       .  0'05 

Potassic  sulphate,        .       .  0  "02 

Ferric  oxide,       .       .       .  0  02 


The  more  rapid  and  more  profuse  the  secretion,  the  poorer  it  is  in  organic  substances,  while 
the  inorganic  remain  almost  the  same  ;  nevertheless,  the  total  quantity  of  solids  is  greater  than 
when  the  quantity  secreted  is  small  {Bernstein).  Traces  of  leucin  and  soaps  are  present  in  the 
fresh  juice.  [It  usually  contains  few  or  no  structural  elements.  Any  structural  elements 
present  in  the  fresh  juice,  as  well  as  its  proteids,  are  digested  by  the  peptone-forming  ferment 
of  the  juice,  especially  if  the  latter  be  kept  for  some  time.  If  the  fresh  juice  is  allowed  to  stand 
for  some  time,  and  then  mixed  with  chlorine  water,  a  red  colour  is  obtained.] 

Concretions  are  rarely  formed  in  the  pancreatic  ducts  ;  they  usually  consist  of  calcic  carbonate. 
Dextrose  has  been  found  in  the  juice  in  diabetes,  and  urea  in  jaundice.  Schiffs  statement  that 
the  pancreas  secretes  only  after  the  absorption  of  dextrin,  has  not  been  confirmed. ..  The  secretory 
activity  of  the  pancreas  "is  not  dependent  on  the  presence  of  the  spleen. 

170.  ACTION  OF  THE  PANCREATIC  JUICE.— The  presence  of  at  least 
four  enzymes,  or  hydrolytic  ferments,  makes  the  pancreatic  juice  one  of  the  most 
important  digestive  fluids  in  the  body. 

I.  Diastatic  action  is  due  to  the  diastatic  ferment,  amylopsin,  a  substance 
which  seems  to  be  identical  with  the  saliva  ferment  ;  but  it  acts  much  more 
energetically  than  the  ptyalin  on  saliva,  on  raiv  starch  as  well  as  upon  boiled 
starch  ;  at  the  temperature  of  the  body  the  change  is  effected  almost  at  once, 
while  it  takes  place  more  slowly  at  a  low  temperature.  Glycogen  is  changed  into 
dextrin  and  grape-sugar ;  and  achroodextrin  into  sugar.  Even  cellulose  is  said  to  be 
dissolved,  and  gum  changed  into  sugar  by  it,  but  inulin  remains  unchanged. 

According  to  v.  Mering  and  Musculus,  the  starch  (as  in  the  case  of  the  saliva,  §  148)  is 
changed  into  maltose,  and  a  reducing-dextrin  ;  so  also  is  glycogen.  Amylopsin  changes 
achroodextrin  into  maltose  ;  at  40°  C.  maltose  is  slowly  changed  into  dextrose,  but  cane-sugar 
is  not  changed  into  invert-sugar.  The  ferment  is  precipitated  by  alcohol,  while  it  is  extracted  by 
glycerine  without  undergoing  any  essential  change.  All  conditions  which  destroy  the  diastatic 
action  of  saliva  (§  148)  similarly  affect  its  action,  but  the  admixture  with  acid  gastric  juice  (its- 
acid  being  neutralised)  or  bile  does  not  seem  to  have  any  injurious  influence.  This  ferment  is 
absent  from  the  pancreas  of  new-born  children  {Korowin). 

Preparation. — The  ferment  is  isolated  by  the  same  methods  as  obtain  for  ptyalin  (§  148)  ;  but 
the  tryptic  ferment  is  precipitated  at  the  same  time.  The  addition  of  neutral  salts  (4  per  cent, 
solution),  e.g.,  potassium  nitrate,  common  salt,  ammonium  chloride^  increases  the  diastatic 
action. 

II.  Tryptic  action,  or  the  action  on  proteids,  depends  upon  the  presence  of  a 
hydrolytic  ferment  which  is  now  termed  trypsin  {Kuhne).  Trypsin  acts  upoa 
proteids  at  the  temperature  of  the  body,  when  the  reaction  is  alkaline,  and  changes 
them  first  into  a  globulin-like  substance,  then  into  pro-peptone  or  albumose,  and 
lastly  into  a  trice  2^cptone,  sometimes  called  tryptone.  The  albumoses  are  not  so 
abundant  or  so  easily  separated  as  in  gastric  digestion  (see  also  p.  248).  The  pro- 
teids do  not  swell  up  before  they  are  changed  into  peptone,  [but  they  are  eroded 
or  eaten  away  by  the  action  of  the  juice].  When  the  proteid  has  been  previously 
swollen  up  by  the  action  of  an  acid,  or  when  the  reaction  of  the  medium  is  acid, 
the  transformation  is  interfered  with. 

Substances  yielding  gelatin,  nuclein,  and  Hb,  resist  trypsin  ;  glutin  and  swollen-up  gelatin- 
yielding  substances  are  changed  into  gelatin-peptone,  but  the  latter  undergoes  no  further 
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change.  Hb-Oo  is  split  up  into  albumin  and  hiijmochromogen.  In  other  respects,  trypsin  acts 
on  tissues  containing  albumins  just  like  pepsin  (§  166,  III.). 

Trypsin  is  never  absent  from  the  pancreas  of  new-born  children  [Zwcifel),  and  it  may  be 
extracted  by  water,  which,  however,  also  dissolves  the  albumin.  Kiihne  has  carefully  separated 
the  albumin  and  obtained  the  ferment  in  a  pure  state.  It  is  soluble  in  water,  insoluble  in 
alcohol.  Pepsin  and  hydrochloric  acid  together  act  upon  trypsin  and  destroy  it;  hence  it  is 
not  advisable  to  administer  trypsin  by  the  mouth,  as  it  would  be  destroyed  in  the  stomach. 
When  dried  it  may  be  heated  to  160°  without  injury. 

Trypsin  is  formed  within  the  pancreas  by  a  "mother-substance,"  or  zymogen, 

taking  up  oxygen.  The  zymogen  is  found  in  small  amount,  G  to  10  hours  after 
a  meal,  in  the  inner  zone  of  the  secretory  cells,  but  after  1 6  hours  it  is  very  abund- 
ant in  the  inner  zone  of  the  cells.  It  is  soluble  in  water  and  glycerine.  Trypsin 
is  formed  in  the  watery  solution  from  the  zymogen,  and  the  same  result  occurs  when 
the  pancreas  is  chopped  up  and  treated  with  strong  alcohol  (Kuhne).  The  addition 
of  sodium  chloride,  carbonate,  and  glycocholate,  favours  the  activity  of  the  tryptic 
ferment  {Heidenhain).  [The  following  facts  show  that  zymogen  (^i^'/x'*??  ferment),  or, 
as  it  has  been  called,  trypsinogen,  is  the  precursor  of  trypsin,  that  it  exists  in  the 
gland-cells,  and  requires  to  be  acted  upon  before  trypsin  is  formed.  If  a  glycerine 
extract  be  made  of  a  pancreas  taken  from  an  animal  just  killed,  and  if  another 
extract  be  made  from  a  similar  pancreas  which  has  been  kept  for  24  hours,  it  will 
be  found  that  an  alkaline  solution  of  the  former  has  practically  no  eifect  on  fibrin, 
while  the  latter  is  powerfully  proteolytic.  If  a  fresh,  and  still  warm,  pancreas  be 
rubbed  up  with  an  equal  volume  of  a  1  per  cent,  solution  of  acetic  acid,  and  then 
extracted  with  glycerine,  a  powerfully  proteolytic  extract  is  at  once  obtained. 
Trypsin  is  formed  from  zymogen  by  the  action  of  acetic  acid.  There  is  reason  to 
believe  that  trypsin  is  formed  from  zymogen  by  oxidation,  and  that  the  former 
loses  its  proteolytic  power  after  removal  of  its  oxygen.  The  amount  of  zymogen 
present  in  the  gland-cells  seems  to  depend  upon  the  number  and  size  of  the 
granules  present  in  the  inner  granular  zone  of  the  secretory  cells.] 

Further  Effects. — When  trypsin  is  allowed  to  act  upon  the  hemi-peptone 
formed  by  its  own  action,  the  latter  is  partly  changed  into  the  amido-acid,  leucin, 
or  amido-caproic  acid  (CgHigNOg),  and  tyrosin  (CyHj^jNOy),  which  belongs  to  the 
aromatic  series  (§  252,  IV.  3).  Hypoxanthin,  xanthin,  and  aspartic  or  amido-saccinic 
acid  (C4H-NOJ,  are  also  formed  during  the  digestion  of  fibrin  and  gluten,  and  so 
are  glutamic  (C^HyNO^)  and  amido-valerianic  acid  (C5Hj^N0.2).  Gelatin  is  first 
changed  into  a  geletin-peptoue,  and  afterwards  is  decomposed  into  glycin  and 
ammonia. 

Putrefactive  Phenomena. — If  the  action  of  the  pancreatic  juice  be  still  further 
prolonged,  especially  if  the  reaction  be  alkaline,  a  body  with  a  strong,  stinking,, 
disagreeable  faecal  odour,  indol  (CgH-N),  skatol  (C,jHj,N),  and  phenol  (C^H^;0),  and 
a  substance  which  becomes  red  on  the  addition  of  chlorine-water  {Bernard),  [or  it 
gives  with  bromine-water  first  a  pale  red  and  then  a  violet  tint  {Kuhne)\  volatile 
fatty  acids  are  formed,  while,  at  the  same  time,  H,  CO.,,  HgS,  CH^,  and  N  are  given 
off.  The  formation  of  indol  and  the  other  substances  just  mentioned  depends  upon 
putrefaction  (§  184,  III.).  Their  formation  is  prevented  by  the  addition  of  salicylic 
acid,  or  thymol,  which  kills  the  organisms  upon  which  putrefaction  depends 
[Kiihne). 

[Artificial  Digestion. — From  fibrin  placed  in  pancreatic  juice,  or  in  a  1  per  cent, 
solution  of  sodium  carbonate  containing  the  ferment  trypsin,  peptones  are  rapidly 
formed  at  40°  C.  When  we  compare  gastric  with  pancreatic  digestion,  we  find 
that  the  fibrin  in  pancreatic  digestion  is  eroded,  or  eaten  away,  and  never  swells  up. 
The  process  takes  place  in  an  alkaline  medium,  and  never  in  an  acid  one.  In  fact, 
a  1  per  cent,  solution  of  sodic  carbonate  seems  to  play  the  same  part  in  assisting 
trypsin,  that  a  "2  per  cent,  solution  of  HCI  does  for  pepsin,  in  gastric  digestion.  In 
gastric  digestion  acid-albumin  or  syiitonin  is  formed  in  addition  to  the  true  peptones. 
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In  pancreatic  digestion  a  body  resembling  alkali-albumin,  which  passes  into  a 
globulin-like  body,  and  ultimately  into  a  peptone,  is  formed.  Of  the  peptones  so 
produced,  one  is  called  anti-peptone,  and  it  is  not  further  changed,  but  part  of  the 
proteid  is  changed  into  hemi-peptone.  This  body,  when  acted  upon,  yields  leucin 
and  tyrosin.  When  putrefaction  takes  place,  the  bodies  above-mentioned  are  also 
formed.  We  might  represent  the  action  of  trypsin  thus  : — Proteid  +  trypsin  +  1 
per  cent,  sodium  carbonate,  kept  at  38"  C.  =  formation  of  a  globulin-like  body,  and 
then  anti-peptone  and  hemi-peptone  are  formed. 


Anti-i'eptone 

yields 

HEMI-rEPTONE 

yields 

Normal  Digestive  Products. 

Putrefactive  Products. 

undergoes  no 
further  change. 

Leucin, 
Tja-osin, 
Hypoxanthin, 
Aspartic  Acid. 

Indol, 

Skatol, 

Phenol. 

Volatile  Fatty  Acids, 
H,  CO,,,  H.,S, 
CH„  N. 

It  seems  that  trypsin  in  pure  water  can  act  slowly  upon  fibrin  to  produce 
peptone.    Pepsin  cannot  do  this  without  the  aid  of  an  acid.] 

[Kuhne's  Pancreas  Powder. — This  is  prepared  by  the  prolonged  extraction  of 
fresh  pancreas  of  ox  with  alcohol  and  then  with  ether.  If  the  dry  powder  be 
extracted  for  several  hours  with  a  1  per  cent,  solution  of  salicylic  acid,  and  filtered, 
a  fluid  with  powerful  proteolytic,  but  no  diastatic,  properties  is  obtained.  Several 
hours  afterwards  much  tyrosin  may  separate  out,  which,  of  course,  must  be  removed 
by  filtration.  The  clear  fluid,  when  mixed  with  fibrin  and  a  1  per  cent,  solution  of 
sodic  carbonate,  rapidly  digests  fibrin.  If  it  be  desired  to  obtain  a  true  pancreatic 
digestion,  with  none  of  the  products  of  putrefaction,  the  mixture  must  be  strongly 
"thymolised"  with  a  25  per  cent,  alcoholic  solution  of  thymol  (Kci/me).] 

[Setschenow  finds  that  egg-albumin,  boiled  in  a  vacuum  at  35°-40°  C. ,  is  more  rapidly  digested 
than  fibrin  by  a  specially  prepared  trypsin.]  When  proteids  are  boiled  for  a  long  time  with 
dilute  H0SO4,  we  obtain  peptone,  then  leucin  and  tyrosin  ;  gelatin  yields  gJycin.  Hypoxanthin 
and  xanthin  are  obtained  in  the  same  way  by  similarly  boiling  fibrin,  and  the  former  may  even 
be  obtained  by  boiling  fibrin  with  water  {Chittenden). 

It  is  very  remarkable  that  the  juice  of  the  green  fruit  of  the  papaya  tree,  or  Carica  papaya, 
possesses  digestive  properties  {lioy,  Wittmack),  and  that  the  action  is  due  to  peptonising  ferment, 
closely  related  to  trypsin,  and  called  caricin  or  papain.  [It  forms  a  true  peptone,  an  inter- 
mediate botly,  and  leucin  and  tyrosiu.  It  also  contains  a  milk-coagulating  ferment  {Martin).'] 
The  milky  juice  of  the  lig-tree  has  a  similar  action.  Sprouting  malt,  vetch,  hop,  hemp  during 
sprouting,  and  the  receptacle  of  the  artichoke  contain  a  peptonising  ferment.  Leucin,  tyrosin, 
glutamic  and  aspartic  acids,  and  xanthin  are  formed  in  the  seeds  of  some  plants  ;  hence  we 
may  assume  that  the  processes  of  decomposition  in  some  seeds  are  closely  allied  to  the  fermenta- 
tive actions  that  occur  in  the  intestine. 

III.  The  action  on  neutral  fats  is  twofold :— (1)  It  acts  upon  fats  so  as  to 
form  a  fine  permanent  emulsion.  (2)  It  causes  neutral  fats  to  take  up  a 
molecule  of  water  and  split  into  glycerine  and  their  corresponding  fatty  acids  :  

(C5vH,,oO,)+  3(H,0)  =  (C3H3O3)  +  3(Ci,H,,,0..). 

Tristeuriii.  Water.  Glycerine.  Steuric  Acid. 

The  latter  result  is  due  to  the  action  of  an  easily-decomposable  fat-splitting 
ferment  {CI  Bernard),  also  called  steapsin.  Lecithin  is  decomposed  by  it  into 
glycero-phosporic  acid,  neurin  and  fatty  acids.  The  fatty  acids  thus  liberated  are 
partly  saponijied  by  the  alkali  of  the  pancreatic  and  intestinal  juices,  and  partly 
emulsionised  by  the  alkaline  intestinal  juice.  Both  the  soaps  and  emulsions  are 
capable  of  being  absorbed  (§  191). 

Emulsification.— The  most  important  change  effected  on  fats  in  the  small  intestine  is  the 
production  of  an  emulsion,  or  their  subdivision  into  exceedingly  minute  particles  (§  191)  This 
is  necessary  in  order  that  the  fats  may  be  taken  up  by  the  lacteals.  If  the  fat  to  be  emulsified 
contaui  a  free  fatty  acid,  i.e.,  if  it  be  slightly  rancid,  and  if  the  fluid  with  which  it  is  mixed 
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bo  alkaline,  emulsification  takes  place  extremely  rapidly  [Brikkc).  A  drop  of  cod-liver  oil, 
which  ill  its  unpurificd  condition  always  contains  fatty  acids,  on  being  placed  in  a  drop  of  0-3 
per  cent,  solution  of  soda,  instantly  gives  rise  to  an  emulsion  {Gad).  The  excessively  minute 
oil-globules  that  compose  the  emulsion  are  first  covered  with  a  layer  of  soap,  whicli  soon 
dissolves,  and  in  the  process  small  globules  are  detached  from  the  original  oil-globules.  The 
fresh  surface  is  again  covered  by  a  soap  film,  and  the  process  is  repeated  over  and  over  again 
until  an  excessively  fine  emulsion  is  obtained.  If  the  fat  contain  much  fatty  acid,  and  the 
solution  of  soda  bo  more  concentrated,  "  mi/elin  forms "  are  obtained  similar  to  those  which 
are  formed  when  fresh  nerve-fibres  are  teased  in  water.  Animal  oils  eniulsionise  more  readily 
than  vegetable  oils  ;  castor  oil  does  not  eniulsionise  (Gad).  [It  is  extremely  difficult  to  obtain 
a  perfectly  neutral  oil,  as  most  oils  contain  a  trace  of  a  fatty  acid.  In  f;ict,  'if  on  adding  a  weak 
solution  of  sodic  carbonate  to  oil  or  fiitty  matters,  fluid  at  the  temperature  of  the  body,  an 
emulsion  is  obtained,  one  may  be  sure  that  the  oil  contained  a  fatty  acid,  so  that  Bernard's 
view  about  an  "  emulsive  ferment  "  being  necessary  is  not  endorsed.  The  fatty  acid  set  free  by 
the  fat-splitting  ferment  enables  the  alkaline  pancreatic  juice  at  once  to  produce  an  emulsion.] 

Fat-Splitting  Ferment. —This  is  a  very  unstable  body,  and  must  be  prepared  from  the 
perfectly  fresh  gland  by  rubbing  it  up  with  powdered  glass,  glycerine,  and  a  1  per  cent,  solution 
of  sodic  carbonate,  and  allowing  it  to  stand  for  a  day  or  two  {Griit-^ncr).  [This  ferment  is  said 
to  cause  an  emulsion  of  oil  and  mucilage  tinged  blue  with  litmus  at  40°  C.  to  become  red 
{Gavujec).  In  performing  this  experiment  notice  that  the  mucilage  is  perfectly  neutral,  as 
gum-arabic  is  frequently  acid.] 

[Pancreatic  Extracts. — The  action  of  the  pancreas  may  be  tested  by  making  a  watery  extract 
of  a  perfectly  fresh  gland.  Such  an  extract  always  acts  upon  starch  and  generally  upon  fats, 
but  this  extract  and  also  the  glycerine  extract  vary  in  their  action  upon  protcids  at  difierent 
times.  If  the  extract — watery  or  glycerine — be  made  from  the  pancreas  of  a  lasting  animal, 
the  tryptic  action  is  slight  or  absent,  but  is  active  if  it  be  prepared  from  a  gland  4  to  10  hours 
after  a  meal.  The  pancreatic  preparations  of  Benger  of  Manchester,  Savory  and  Moore,  or 
Burroughs  and  Welcome,  all  possess  active  diastatic  and  proteolytic  properties.] 

[Pancreas  Salt. — Prosser-James  proposes  to  employ  common  salt  mixed  with  pepsin,  which 
he  calls  peptic  salt ;  and  he  advocates  the  use  of  another  preparation  composed  of  the  pancreatic 
ferments  and  common  salt,  pancreatic  salt.] 

The  pancreas  of  new-born  children  contains  trypsin  and  the  fat-decomposing  ferment,  but 
not  the  diastatic  one  {Zwcifcl).  A  slight  diastatic  action  is  obtained  after  two  months,  but  the 
full  eflfect  is  not  obtained  until  after  the  first  year  {Koroivin). 

IV.  The  pancreas  contains  a  milk-curdling  ferment,  wliicli  may  be  extracted 
by  means  of  a  concentrated  solution  of  common  salt. 

171.  THE  SECRETION  OF  THE  PANCREATIC  JUICE.— Rest  and 
Activity. — xVs  in  other  glands,  we  distinguish  a  quiescent  state,  during  which 
the  gland  is  soft  and  pale,  and  a  state  of  secretory  activity,  during  which  the 
organ  swells  up  and  ap[)ears  pale  red.  The  latter  condition  only  occurs  after  a 
meal,  and  is  caused  probably  retlexly  owing  to  stimulation  of  the  nerves  of 
the  stomach  and  duodenum.  Klihne  and  Lea  found  that  all  the  lobules  of  the 
gland  were  not  active  at  the  same  time.  The  pancreas  of  the  herbivora  secretes 
uninterruptedly,  [but  in  the  dog  secretion  is  not  constant]. 

Time  of  Secretion. — According  to  Bernstein  and  Heidenhain  the  secretion 
begins  to  flow  when  food  is  introduced  into  the  stomach,  and  reaches  its  maximum 
2  to  3  hours  thereafter.  The  amount  falls  towards  the  5th  or  7th  hour,  and  rises 
ragain  (owing  to  the  entrance  of  the  chyme  into  the  duodenum)  towards  the  9th 
and  11th  hour,  gradually  falling  towards  the  17th  to  2-4th  hour  until  it  ceases 
completely.  When  more  food  is  taken,  the  same  process  is  repeated.  As  a  general 
rule,  a  rapidly-formed  secretion  contains  less  solids  than  one  formed  slowly. 

Condition  of  Blood- Vessels. — During  secretion,  the  blood-vessels  behave  like 
the  blood-vessels  of  the  salivary  glands  after  stimulation  of  the  chorda — they 
dilate,  and  the  venous  blood  is  bright  red — thus,  it  is  probable  that  a  similar 
nervous  mechanism  exists,  [but  as  yet  no  such  mechanism  has  been  discovered]. 
The  secretion  is  excreted  at  a  pressure  of  more  than  17  mm,  Hg.  (rabbit). 

Effect  of  Nerves. — The  nerves  arise  from  the  hepatic,  splenic,  and  superior 
mesenteric  plexuses,  together  with  branches  from  the  vagus  and  sympathetic. 
The  secretion  is  excited  by  stimulation  of  the  medulla  oblongata,  as  well  as  by 
direct  stimulation  of  the  gland  itself  by  induction-shocks.    [It  is  not  arrested  by 
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section  of  the  cervical  spinal  cord.]  The  secretion  is  suppressed  by  atropin  [in  the 
dog,  but  not  the  rabbit],  by  producing  vomiting,  by  stimulation  of  the  central  end  of 
the  vao-us,  as  well  as  by  stimulation  of  other  sensory  nerves,  e.g.,  the  crural  and 
sciatic.  Extirpation  of  the  nerves  accompanying  the  blood-vessels  prevents  the 
above-named  stimuli  from  acting.  Under  these  circumstances,  a  thin  "paralytic  se- 
cretion," with  feeble  digestive  powers,  is  formed,  but  its  amount  is  not  influenced  by 
the  taking  of  food.  [Secretion  is  excited  by  the  injection  of  ether  into  the  stomach.] 
Extirpation  of  the  gland  may  be  iierformed,  or  the  duct  ligatured  in  animals,  without  causing 
any  very  great  change  in  their  nutrition  ;  the  absorption  of  fat  from  the  intestine  does  not 
cease.  After  the  duct  is  ligatured  it  may  be  again  restored.  Ligature  of  the  duet  may  cause 
the  formation  of  cysts  in  the  duct  and  atrophy  of  the  gland-substance.  Pigeous  soon  die  after 
this  operation. 

[172.  PREPAEATION  OF  PEPTONISED  FOOD.— Peptonised  food  may 
be  given  to  patients  whose  digestion  is  feeble  {Roberts).  Food  may  be  pep- 
tonised either  by  peptic  or  tryptic  digestion,  but  the  former  is  not  so  suitable 
as  the  latter,  because  in  peptic  digestion  the  grateful  odour  and  taste  of  the 
food  are  destroyed,  while  bitter  bye-products  are  formed,  so  that  pancreatic 
digestion  yields  a  more  palatable  and  agreeable  product.  As  trypsin  is  destroyed 
by  gastric  digestion,  obviously  it  is  useless  to  give  extract  of  the  pancreas  to  a 
patient  along  with  his  food.] 

[Peptonised  Milk. — "  A  pint  of  milk  is  diluted  with  a  quarter  of  a  p;nt  of  water  and  heated 
to  60°  C.    Two  or  three  tea-spoonfuls  of  Benger's  liquor  pancreaticus,  together  with  10  or  20 
grains  of  bicarbonate  of  soda,  are  then  mixed  therewith."    Keep  the  mixture  at  38°  C.  for 
about  two  hours,  and  then  boil  it  for  two  or  three  minutes,  which  arrests  the  ferment  action.] 
[Peptonised  Gruel,  prepared  from  oatmeal,  or  any  farinaceous  food,  is  more  agreeable  than 

peptonised  milk,  as  the  bitter 
flavour  does  not  appear  to  be 
developed  in  the  pancreatic 
digestion     vegetable  proteids.] 

[Peptonised Milk-Gruel  yielded 
Roberts  the  most  satisfactory  re- 
sults,as  a  complete  and  highly  nu- 
tritious food  for  weak  digestions. 
Make  a  thick  gruel  from  any 
farinaceous  food,  e.g.,  oatmeal, 
and  while  still  hot  add  to  it  an 
equal  volume  of  cold  milk,  when 
the  mixture  will  have  a  tempera- 
ture of  52°  C.  (125°  F.).  To  each 
pint  of  this  mixture  add  two  or 
three  tea-spoonfuls  of  liquor  pan- 
creaticus and  20  grains  of  bicar- 
bonate of  soda.  It  is  kept  warm 
for  two  hours  iinder  a  "cosey." 
It  is  then  boiled  for  a  few  minutes 
and  strained.  The  bitterness  of 
the  digested  milk  is  almost  com- 
pletely covered  by  the  sugar  pro- 
duced during  the  process.  ] 

[Peptonised  soups  and  beef-tea 
Section  of  human  liver,  x  20,  showing  the  liver-lobules  and  have  also  been  made  and  used 
the  radiate  arrangement  of  their  cells  from  the  central  or  with  success,  and  have  been  ad- 
intralobular  vein.  ministered  both  by  the  mouth 

and  rectum.] 

[Peptonising  powders  containing  the  proper  proportions  of  ferment  and  sodic  bicarbonate  are 
prepared  by  Benger,  and  Burroughs  and  Welcome.] 


Sublobulav  Vein. 


Intralobular  Vein. 
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173.  STRUCTURE  OF  THE  LIVER.-The  liver,  the  largest  gland  in  the 
body,  consists  of  innumerable  small  lobules  or  acini,  1  to  2  millimetres  (J-  to 
Jo  incli)  in  diameter.  These  lobules  are  visible  to  the  naked  eye.  All  the  lolDules 
have  the  same  structure. 


STRUCTUllE  OF  THE  LIVEK. 


259 


nn  iV        Capsule. -The  liver  is  covered  by  a  tliin,  fibrous,  lirmly-aaherent  capsule,  which  has 
h  r  T  '^'l^lot'ielium  cleriveel  Ironi  the  peritoneum.    The  capsule  sends  fine 

v!r!!  H  oi'gau  between  the  obules,  but  it  is  also  continued  into  the  interior  at  the  trans- 

thlZ  .T^'l'  W  Po.'-t^^l  vt'i",  liepatic  artery,  and  bile-duct,  and  accompanies 

^htX  f        T  ^«/li'',*=*P«Hl«  of  Ghsson,  or  interlobular  connective-tissuk    The  spaces  ia 
o.vWli  fi  'r''  structures  he  are  known  as  portal  canals.    In  some  animals  (pig,  camel,  polar 
btai  )the  lobules  are  separated  from  each  other  by  the  somewhat  lamellated  connective-tissue 
N^'*  "}  T''  slightly  develo].ed,  so  that  adjoining  lobules  are 

X  t?  ,  '      t'        V'^  connective-tissue,  but  smill  in  amount,  is  also  found  within 

o   iinnnVJ^''^"'''^'      if  ^^'"'^times  found  in  the  tissue  of  Glisson's  capsule. 
iJn  .f  °°^-Ve88e  8._(a)  Branches  of  the  Venous  System. -The  portal  vein,  after  its  entrance 
n^J,  J  .  J f  '  •  ^  ^'""'l'"'''  ^'^•'^      »^'»'^'™»s  branches  lying  between  the  lobules,  and 

?i  W  .V?      t/"^'  t':"^il^Vl''Y^^  ^^'^  periphery  of  the  lobules,  where  they  form  a 

uch  plexus.    Ihese  are  the  interlobular  veins  (tigs.  188,  189,  F.  i).    From  these  veins  numerous 


Fig.  189, 

I,  Scheme  of  a  liver-lobule — V.i,  V.i,  interlobular  veins  (portal);  V.c,  central  or  intralobular 
vein  (hepatic);  e,  c,  capillaries  between  both;  V.s,  sublobular  vein;  V.v,  vena  vascu- 
laris ;  A,  A,  heijatic  artery,  giving  branches,  r,  r,  to  Glisson's  capsule  and  the  lai-ger  vessels, 
and  ultimately  forming  the  vense  vasculares  at  i,  i,  opening  into  the  intralobular  capil- 
laries; g,  bile-ducts;  x,  x,  intralobular  biliary  channels  between  the  liver-cells;  d,  d, 
position  of  the  liver-cells  between  the  meshes  of  the  blood-capillaries.  II,  Isolated  liver- 
cells— c,  a  blood-capillary;  a,  fine  bile-capillary  channel. 

capillaries  (c,  c)  are  given  off  to  the  entire  periphery  of  the  lobule.  The  capillaries  converge 
towards  the  centre  of  the  lobule.  As  they  proceed  inwards,  they  form  elongated  meshes,  and 
between  the  capillaries  lie  rows  or  columns  of  liver-cells  {d,  d).  The  capillaries  are  relatively 
wide,  and  are  so  disposed  as  to  lie  between  the  edges  of  the  columns  of  cells,  and  never  between 
the  surfaces  of  two  neighbouring  cells.  The  capillaries  converge  towards  the  centre  of  each 
lobule,  where  they  join  to  form  one  large  vein,  the  intralobular,  hepatic,  or  central  vein  {V.c), 
which  traverses  each  lobule,  reaches  its  surface  at  one  point,  passes  out,  and  joins  similar  veins 
from  otlier  lobules  to  form  the  sublobular  veins  {V.s).  These  in  turn  unite  to  form  wide  veins, 
the  origins  of  the  hepatic  vein,  which  opens  into  the  vena  cava  inferior. 

{b)  The  branches  of  the  hepatic  artery  accompany  the  branches  of  the  portal  vein  and  bile- 


26o 


STRUCTURE  OF  THE  LIVER. 


duct  in  the  portal  canals  between  the  lobules,  and  in  their  course  give  off  capillaries  to  supply 
the  walls  of  the  portal  vein  and  larger  bile-ducts.  The  branches  of  the  hepatic  artery  anasto- 
mose frequently  where  tliey  lie  between  the  lobules.  On  reaching  the  periphery  of  the  lobules, 
a  certain  number  of  capillaries  are  given  olf,  which  penetrate  the  lobule  and  terminate  in  the 
capillaries  of  the  portal  vein  {i,  i).  These  capillaries,  however,  which  supply  the  walls  ot  the 
portal  vein  and  large  bile-ducts  (r,  r),  terminate  in  veins  which  end  in  the  portal  vein  ( V.v). 
Several  hvanches— capsular— ■pass  to  the  surface  of  the  liver,  where  they  form  a  wide-meshed 
plexus  under  the  peritoneum.  The  blood  is  returned  by  veins,  which  open  into  branches  of  the 
portal  vein.  .  . 

[Hepatic  Zones.— Pathologists  draw  a  sharp  distinction  between  different  zones  within  a 
hepatic  lobule.  Thus  the  central  area,  capillaries,  and  cells  form  the  hepatic  vein  zone,  which 
is  specially  liable  to  cyanotic  changes  ;  the  area  next  the  periphery  of  the  lobule  is  the  portal 


Fig.  191. 

Liver-cells  after  withholding  food  for 
36  hours. 


Fig.  190. 

Human  liver-cells  containing  oil-globules,  b  ; 
d,  has  two  nuclei. 

vein  zone,  whose  cells  under  certain  circumstances  are  particularly  apt  to  undergo  fatty  de- 
i/eneration' ;  while  there  is  an  area  lying  midway  between  the  two  foregoing— the  hepatic 
artery  zone— which  is  specially  liable  to  amyloid  or  waxy  degeneration.] 

3.  The  hepatic  cells  (fig.  189,  II,  a)  are  irregular  polygonal  cells  of  about  xinyuth  of  an  inch 
(34  to  45  /x)  in  diameter  (tig.  190).    The  arrangement  of  the  capillaries  within  a  lobule  deter 


nest  bile-duct.    Finest  bile-duct  divided. 


Blood- 
vessel. 


mines  the  arrangement  of  the 
liver-cells.  The  liver-cells 
form  anastomosing  columns 
which  radiate  from  the  centre 
to  the  periphery  of  each  lobule 
(fig.  191).  [the  liver-cells 
are  usually  stated  to  be  de- 
void of  an  envelope,  although 
Haycraft  states  that  they 
possess  one.  They  usually 
contain  a  single  nucleus,  witli 
one  or  more  nucleoli,  but 
sometimes  two  nuclei  occur. 
The  protoplasm  and  nucleus 
of  each  cell  contain  a  plexus 
of  iibrils  just  like  other  epi- 
thelial cells.  In  some  animals, 
globules  of  oil  and  pigment- 
granules  are  found  in  the 
cell-protoplasm  (fig.  190). 
Each  cell  is  in  relation  with 
the  wide-meshed  blood-capil- 
laries {d,  d),  and  also  with 
the  much  narrower  meshwork 
of  bile-ducts  (I,  x). 

Changes  in  Liver-Cells. — 
The  appearance  of  the  cells 
varies  with  the  period  of  di- 
gestion. During  hunger,  the  liver-cells  are  finely  granular  and  very  cloudy  (fig.  191),  [aud 
contain  little  glycogen,  but  many  pigment-granules,  and  the  nucleus  is  more  frequently  absent. 
Often  free  nucleoli  and  pale  nuclei  are  found  {EUcnhcrgcr  and  Baum).  During  activity,  i.e., 
after  a  full  meal,  especially  of  starchy  food,  the  cells  are  larger  and  more  distinct,  stain  more  deeply 
with  eosin,  and  contain  fewer  granules].  The  protoplasm  contains  coarse,  glancing  masses  of 
glycogen  (fig.  194,  2),  and  near  the  surface  of  the  cell  it  is  condensed,  aud  a  fine  network  stretches 


Nucleus  of  a 
liver-cell. 


Finest 
bile-duct. 


Fig.  192. 


Blood-capillaries  ;  finest  bile-ducts  in  their  relative  position  in  a 

rabbit's  liver. 
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toward  tlie  centre  ot  the  cell,  and  in  it  is  suspended  the  nucleus.  All  the  hepatic  cells  are 
not  in  the  same  phase  of  activity  at  the  same  time.  Afanassiew  finds  that  if  the  formation  of 
bile  m  the  liver  be  increased  {e.g.,  by  section  of  the  hepatic  nerves,  or  feeding  with  proteids), 
the  cells  are  moderately  enlarged  in  size,  and  contain  numerous  granules,  which  are  i)roteid  in 
their  nature  ;  such  cells  resist  the  action  of  caustic  potash.  "When  there  is  a  great  formation 
of  glycogen  (as  after  feetliug  with  potatoes  and  sugar),  all  the  cells  are  very  large  and  sharply 
dehned,  and  contain  many  granules  of  glycogen,  the'  cells  being  so  large  as  to  compress  tlie 
cajjillaries.    These  cells  dissolve  quickly  in  caustic  potasli. 

Action  of  Drugs.— Some  substances  excite  the  cells  to  activity,  and  cause  them  to  i)rescnt  the 
appearance  of  cells  in  activity,  e.g.,  pilocarpin,  muscarin,  aloes,  less  so  salicylate  and  benzoate 
ot  soda  and  rhubarb,  while  atropin  and  lead  acetate  inhibit  the  signs  of  activity.  These  results 
were  obtained  in  the  horse  by  EUenberger  and  Baum.  [Stolnikow,  by  using  the  quadruple- 
staining  method  of  Gaule,  finds  that  the  hepatic  cells  of  the  frog  undergo  remarkable  changes 
111  poisoning  by  phosphorus.  It  is  well  known  that  this  drug  produces  fatty  degeneration  of 
the  hver- cells,  but  a  deeper  study  shows  that  the  changes  are  both  histological  and  chemical. 
Besides  producing  remarkable  changes  in  the  protoplasm  of  the  cell,  the  protoplasm  of  the 


Fig. 
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Liver-cells  of  frog,    a,  early,  and  b,  late  stage  in  poisoning  by  phosphorus  ;  c,  liver-cell  of 
frog  getting  water  only,  d,  getting  sugar,  and  c,  peptone  {Stirling  after  Stolnikov:). 

nucleus,  in  the  form  of  small  masses  called  plasmosoma,  passes  out  into  the  cell-body,  perhaps 
to  renew  the  latter.  The  cells  are  increased  in  size,  both  after  poisoning  with  phosphorus  and 
after  excision  of  the  fat  bodies  in  the  frog  (fig.  193).  The  fat  present  in  the  liver  in  phosphorus- 
poisoning  is  not  ])resent  as  droplets  of  oil,  but  probably  in  a  loose  combination,  e.g.,  lecithin, 
and  as  a  matter  of  fact  the  amount  of  liver-lecithin  is  extraordinarily  increased.  There  is  also  an 
increase  of  the  nuclein  ;  while  glycogen  is  absent.  The  season  of  the  year  also  affects  them. 
There  is  a  period  of  growth  from  July  to  November,  and  one  of  decay  from  December  to  May 
{A.  Leonard).    Antipyrin  also  produces  profound  changes,  especially  in  the  nuclei.] 

4.  The  Bile-Ducts. — The  finest  bile-capillaries,  channels,  or  canaliculi  arise  from  the  centre  of 
the  lobule,  and  indeed  throughout  the  whole  lobule  they  form  a  regular  anastomosing  network 
of  very  fine  tubes  or  channels.  Each  cell  is  surrounded  by  a  polygonal — usually  hexagonal — 
mesh  (fig.  194,  3).  The  bile-capillaries  always  lie  in  the  middle  of  the  surface  between  two 
adjoining  cells  (II,  a),  where  they  form  actual  intercellular  passages  (fig.  192).  [According 
to  some  observers,  they  are  merely  excessively  narrow  channels  (1  to  2  ytt  wide)  in  the  cement 
substance  between  the  cells,  while  according  to  others  they  have  a  distinct  delicate  wall.  The 
bile-capillary  network  is  much  closer  than  the  blood-capillary 
network.    [Thus,  there  are  tlirec  networks  within  each  lobule — 

(1)  A  network  of  blood-capillaries  ; 

(2)  ,,  hepatic  cells  ; 

(3)  ,,  bile-capillaries;  (fig.  192).] 

Excessively  minute  intracellular  passages  are  said  to  pass  from 
the  bile-capillaries  into  the  interior  of  the  liver-cells,  where  they 
communicate  with  certain  small  cavities  or  vacuoles  {Asj),  KupJJ'i-r) 
(fig.  194,  3).  As  the  blood-capillaries  run  along  the  edge  of  the 
liver-cells,  and  the  bile-cajnllaries  between  the  opposed  surfaces 
of  adjacent  cells,  the  two  systems  of  canals  within  the  lobule  are 
kept  se2)arate.  Some  bile-cai)illaries  run  along  the  edges  of  the 
liver-cells  in  the  human  liver,  especially  during  embryonic  life. 
Towards  the  peripheral  part  of  the  lobule,  the  bile-capillaries  are 
larger,  while  adjoining  channels  anastomose,  and  leave  the  lobule,  where  they  become  inter- 
lobular ducts  ig),  which  join  with  other  similar  ducts  to  form  larger  interlobular  bile-ducts. 
These  accompany  the  hepatic  artery  and  portal  vein,  and  leave  the  liver  at  the  transverse 
fissure.  The  finer  interlobular  ducts  frequently  anastomose  in  Glissou's  capsule,  possess  a  struc- 
tureless basement  membrane,  and  are  lined  by  a  single  layer  of  low  polyhedral  epithelial  cells. 
The  larger  interlobular  ducts  have  a  distinct  wall,  consisting  of  connective  and  elastic  tissue. 


1 


Fig.  194. 
Liver-cell  during  fasting; 
2,  containing  masses  of  gly- 
cogen ;  3,  a  liver-cell  sur- 
rounded with  bile-channels, 
from  which  fine  twigs  j^ro- 
ceed  into  the  cell -substance 
to  end  in  vacuoles. 


262 


STRUCTUEE  OF  THE  LlYtU. 


mixea  with  circularly-disposed  smooth  muscular  fibres  (fig.  195).  Capillaries  are  supplied  to 
the  wall,  which  is  lined  by  a  single  laj'er  of  columnar  epithelium.  A  sub-mucosa  occurs  onlj' 
in  the  largest  bile-ducts,  and  in  the  gall-bladder.  Smooth  muscular  fibres,  arranged  in  single 
°  bundles,  occur  in  the  largest  ducts,  and  as  longitudinal  and 

circular  layers  in  the  gall-bladder,  whose  mucous  membrane 
^  ,  ^  is  provided  with  numerous  folds  and  depressions.  The 

Circular  -^^^^C^-     epithelium  lining  the  gall-bladder  is  cylindrical,  with  a  dis- 

flbres.  — Tm^W      Mm^T*-    tinct  clear  disc,  and  between  these  cells  are  goblet-cells. 

Small  branched  tubular  mucous  glands  occur  in  the  larger 
bile-ducts  and  in  the  gall-bladder. 

Vasa  aberrantia  are  isolated  bile-ducts  which  occur  on 
Cylindrical  '^^j^^  W^W^  the  surface  of  the  liver,  but  have  no  relation  to  any  system 
epithelium. '    t^^^^      ^^J^^^  of  liver-lobules.    They  occur  at  the  sharp  margin  of  the 

liver,  in  the  region  of  the  inferior  vena  cava,  of  the  gall- 
bladder, and  of  the  parts  near  the  portal  fissure.    It  seems 
that  the  liver-lobules  to  which  they  originally  belonged 
have  atrophied  and  disappeared  {Zuckcrkancll  ami  Toldt). 
Fig.  195.  5.  The  lymphatics  begin  as  itcrimj^illary  tubes  around 

Interlobular  bile-duct  (human),  the  capillaries  within  the  lobules,  emerge  from  the  lobule, 

and  run  within  the  wall  of  the  branches  of  the  hejiatic  and 
portal  veins,  and  afterwards  surround  the  venous  trunks,  thus  forming  the  interlobular  lym- 
phatics. These  unite  to  form  larger  ti'unks,  which  leave  the  liver  partly  at  the  portal  fissure, 
partly  along  with  the  hepatic  veins,  and  partly  at  diff'erent  points  on  the  surface  of  the  organ. 
There  is  a  narrow  superficial  meshwork  of  lymphatics  under  the  peritoneum — suh-2)critoncal — 
which  commimicate  with  the  thoracic  lymphatics  through  the  triangular  ligament  and  suspen- 
sorium,  while  on  the  under  surface  they  communicate  with  the  lymphatics  of  the  interlobular 
connective-tissue. 

6.  The  nerves  consist  partly  of  medullated  and  partly  of  non-medullated  fibres  from  branches 
of  the  sympathetic  and  left  vagus  to  the  hepatic  plexus.  They  accompany  the  branches  of  the 
hepatic  artery,  and  ganglia  occur  on  their  branches  within  the  liver.  Some  of  the  nerve-fibres 
are  vaso-motor  in  function,  and,  according  to  Pfliiger,  other  nerve-fibres  terminate  directly  in 
connection  with  liver-cells.  [MacCallum  describes  an  interlobular  plexus  of  nou-medullated 
fibres  in  man  and  menobranchus,  from  which  a  peri-vascular  and  intercellular  plexus  proceeds. 
From  the  latter  fibrils  pass  to  terminate  within  the  cells  near  the  nucleus.] 

Pathological. — The  connective-tissue  between  the  lobules  may  undergo  great  increase  in 
amount,  especially  in  alcohol-  and  gin-drinkers,  and  thus  the  substance  of  the  lobules  may  be 
greatly  compressed,  owing  to  the  cicatricial  contraction  of  the  newly-formed  connective-tissue 
(cirrhosis  of  the  liver).  In  such  interlobular  connective-tissue,  newly-formed  bile-ducts  are 
found. 

Ligature  of  the  ductus  choledochus  [causes  enlargement  of  the  spleen  (rabbit),  and  a 
diminution  in  the  number  of  the  blood-corpuscles],  and,  after  a  time,  interstitial  iuHammation 
of  the  liver.  In  rabbits  and  guinea-pigs  the  liver-parenchyma  disapjiears,  and  its  place  is 
taken  by  newly-formed  connective-tissue  and  bile-ducts  {Charcot  and  GombauU).  In  all  these 
cases  of  interstitial  inflammation,  there  is  proliferation  of  the  epithelium  of  the  bile-ducts. 

[Regeneration  of  the  Liver. — Tizzoni  finds  that  there  may  be  partial  regeneration  and  new 
formation  of  liver-lobules  in  the  dog,  the  process  being  the  same  as  that  wliich  occurs  in  the 
embryonic  development  of  the  organ,  i.e.,  the  growth  of  solid  cylinders  of  liver-cells,  formed  by 
the  pre-existing  liver-cells,  which  penetrate  into  the  connective-tissue  uniting  the  edges  of  the 
wound.  These  cells  ultimately  differentiate  into  hepatic  cells  and  l)ile-ducts.  Other  observers 
attribute  the  new  formation  to  outgrowths  of  the  epithelial  cells  of  the  bile-cells.] 

174.  CHEMICAL  COMPOSITION  OF  THE  LIVER-CELLS.— (1)  Proteids. 

■ — The  fresh,  soft,  parenchyma  of  the  liver  is  alkaline  in  reaction  ;  after  death, 
coagulation  occurs,  the  cell-contents  appear  turbid,  the  tissue  becomes  friable,  and 
gradually  an  acid  reaction  is  developed.  This  process  closely  resembles  what  occurs 
in  muscle,  and  is  due  to  the  coagulation  of  a  myosin-like  body,  which  is  soluble 
during  life,  but  after  death  undergoes  spontaneous  coagulation  {Plusz).  The  liver 
contains  other  proteids;  one  coagulating  at  45"  C,  another  at  70"  C,  and  one 
which  is  slightly  soluble  in  dilute  acids  and  alkalies.  The  nuclei  contain  nuclein. 
The  connective-tissue  yields  gelatin. 

(2)  Glycogen  or  Animal  Starch— 1-2  to  2-6  per  cent.— is  a  true  carbohydrate 
most  closely  related  to  inulin,  soluble  in  water,  but  diffuses  with  difficulty,  and  has 
the  formula  6(C6Hio05)  +  HoO.  It  is  stored  up  in  the  liver-cells  in  amorphous 
granules  around  the  nuclei  (fig.  194,  2),  but  is  not  uniformly  distributed  in  all 
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parts  of  the  liver.  Like  inulin,  it  gives  a  deep  red  colour  with  solution  of  iodine 
in  iodide  of  potassium.  It  is  changed  into  dextrin  and  sugar  by  diastatic  ferments, 
and  when  boiled  with  dilute  mineral  acids,  it  yields  grape-sugar  (S  148,  I.;  170, 
I.;  §  252,  III).  ^  F  e 

Preparation  of  Glycogen.— [Feed  a  rabbit  on  carrots  or  boiled  rice,  and  kill  it  three  or  four 
hours  thereafter.  Remove  tlie  liver  immediately  after  death,  cut  it  into  fine  pieces,  and  place 
these  in  boiling  water,  and  boil  it  for  some  time  in  order  to  obtain  a  watery  extract  of  the  liver. 
The  boiling  water  destroys  the  ferment  supposed  to  bo  present  in  the  liver,  which  would  transform 
the  glycogen  into  gi-ape-sugar.  To  the  cold  filtrate  are  added  alternately  dilute  hydrochloric  acid 
and  potassio-mercuric  iodide,  which  precipitates  the  proteids.  Filter,  when  a  clear  opalescent 
fluid,  containing  the  glycogen  in  solution,  is  obtained.  The  glycogen  is  precipitated  from  the 
filtrate,  as  a  white  amorphous  powder,  on  adding  an  excess  of  70  to  80  per  cent,  alcohol.  The 
precipitate  is  washed  with  60  iier  cent,  and  afterwards  with  95  per  cent,  alcohol,  then  with  ether, 
and  lastly,  with  absohite  alcohol ;  it  is  dried  over  sulphuric  acid  and  weighed  (Briicke).  Kiilz 
modifies  the  method  somewhat.  After  boiling  the  liver  for  half  an  hour,  it  is  rubbed  up  with 
liquor  potassje  (100  grm.  liver,  4  grm.  KHO).  Evaporate  in  the  water-bath  until  all  is  dissolved, 
which  occurs  in  about  3  hours.  After  cooling,  neutralise  with  HCl  and  precipitate  the  proteids 
as  above.  F.  Eves  asserts  that  the  post-mortem  conversion  of  sugar  in  the  liver  is  not  attribut- 
able  to  a  ferment  action,  and  the  rapid  appearance  of  sugar  in  the  liver  after  death  is  due  to  the 
specific  metabolic  activity  of  the  dying  cells.] 

Sources. — The  "mother-substance "  of  the  glycogen  of  the  liver  has  been 
variously  stated  to  be  the  carbohydrates  of  the  food  {Pavy)  ;  fats  (olive  oil, 
Salomon);  glycerine,  taurin,  and  glycin  (the  latter  splitting  into  glycogen  and  urea), 
the  proteids  {CI.  Bernard) ;  and  gelatin  (Salomon).  If  it  is  derived  from  the 
albumins,  it  must  be  formed  from  a  non-nitrogenous  derivative  thereof. 

Rohmann  found  that  the  use  of  ammonia  carbonate  and  asparagin  or  glycin,  along  with  a 
carbohydrate  diet,  in  rabbits  considerably  incj eased  the  formation  of  glycogen.  The  excessive 
formation  of  acid  observed  by  Stadelmann  in  diabetes  unites  with  the  ammonia  and  diminishes 
considerably  the  formation  of  glycogen. 

Effects  of  Food. — Eabbits,  whose  livers  have  been  rendered  free  from  glycogen 
by  starvation,  yield  new  glycogen  from  their  livers  when  they  are  fed  with  cane- 
sugar,  grape-sugar,  maltose,  or  starch.  Forced  muscular  movements  soon  make 
the  liver  of  dogs  free  from  glycogen,  exposure  to  cold  diminishes  its  amount. 
Dextrin  and  grape-sugar  occur  in  the  dead  liver,  but,  in  addition,  some  glycogen  is 
found  for  a  considerable  time  after  death  in  the  liver  and  in  the  muscles. 

If  glycogen  is  injected  into  the  blood,  achroodextrin  appears  in  the  urine,  and  also 
hsemoglobin,  as  glycogen  dissolves  red  blood-corpuscles.  Ligature  of  the  bile-duct  causes 
decrease  of  the  glycogen  in  the  liver. 

Other  Situations. — Glycogen  is  not  confined  to  the  liver-cells  ;  it  occurs  during  foetal  life 
in  all  the  tissues  of  the  body  of  tlie  embyro  [including  the  embryonic  skeleton],  in  young 
animals  (KUhnc),  the  placenta  (Bernard).  [It  occurs  in  large  amount  in  the  liver  during  intra- 
uterine life.]  In  the  adult  it  occurs  in  the  testicle,  in  the  muscles  (MacDonncl,  0.  Nasse),  in 
numerous  pathological  products,  in  inflamed  lungs  (Kiihnc),  and  also  in  the  corresponding 
tissues  of  the  lower  animals.  [It  also  occurs  in  the  chorionic  villi,  in  colourless  blood- 
corpuscles,  in  fresh  pus  cells  which  still  exhibit  amoeboid  movements,  and  in  fact  in  all 
developing  animal  cells,  with  amoeboid  movement ;  it  is  a  never-failing  constituent  in  cartilage, 
and  in  the  muscles  and  liver  of  invertebrata,  such  as  the  oyster.  There  is  none  in  the  fresh 
brain  of  the  dog  or  rabbit,  but  it  is  found  in  the  brain  in  diabetic  coma  (Ahclct;).'] 

Modifying  Conditions. — If  large  quantities  of  starch,  milk-,  fruit-,  or  cane-sugar, 
or  glycerine,  but  not  mannite,  or  glycol,  or  inosite,  be  added  to  the  proteids  of  the 
food,  the  amount  of  glycogen  in  the  liver  is  very  greatly  increased  (to  12  per  cent, 
in  the  fowl),  while  a  purely  albuminous  or  purely  fatty  diet  diminishes  it  enor- 
mously. During  hunger  it  almost  disappears.  The  injection  of  dissolved  carbo- 
hydrates into  a  mesenteric  vein  of  a  starving  rabbit  causes  the  liver,  previously  free 
from  glycogen,  to  contain  glycogen. 

[Effect  of  Drugs. — Arsenic,  phosphorus,  and  antimony  destroy  the  glycogenic  function  of  the 
liver,  no  glycogen  being  present  in  the  liver  in  animals  poisoned  with  these  drugs,  so  that 
puncture  of  the  floor  of  the  fourth  ventricle  no  longer  causes  glycosuria  in  them.  In  animals 
poisoned  by  strychnia  or  curara,  it  is  greatly  diminished,  both  in  the  liver  and  in  the  muscles. 
Sugar  is  always  present  in  the  urine  in  the  latter  case  but  not  in  the  former.] 
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During  life,  under  normal  conditions,  the  glycogen  in  the  liver  is  either  not 
transformed  into  grape-sugar  {Pavy),  or,  what  is  more  probable,  only  a  very  small 
amount  of  it  is  so  changed.  The  normal  amount  of  sugar  in  blood  is  0-5  to  1  per 
1000,  although  the  blood  of  the  hepatic  vein  contains  somewhat  more.  A  consider- 
able amount  is  transformed  into  sugar  only  when  there  is  a  decided  derangement  of 
the  hepatic  circulation,  and  in  these  circumstances  the  blood  of  the  hepatic  vein 
contains  more  sugar.  The  glycogen  undergoes  this  change  very  rapidly  after  death, 
so  that  a  liver  which  has  been  dead  for  some  time  always  contains  more  sugar  and 
less  glycogen. 

The  diastatic  ferment  in  the  liver  is  small  in  amount,  and  can  be  obtained  from 
the  extract  of  the  liver-cells  by  the  same  means  as  are  applicable  for  obtaining 
other  similar  ferments,  such  as  ptyalin  ;  but  it  does  not  seem  to  be  formed  within 
the  liver-cells,  but  only  passes  very  rapidly  from  the  blood  into  them.  The  ferment 
seems  to  be  rapidly  formed  when  the  blood-stream  undergoes  considerable  derange- 
ment. A  similar  ferment  is  formed  when  red  blood-corpuscles  are  dissolved  {Tiegel), 
and,  as  red  blood-corpuscles  are  continually  destroyed  within  the  liver,  there  is  one 
source  from  which  the  ferment  may  be  formed,  whereby  minute  quantities  of  sugar 
would  be  continually  formed  in  the  liver. 

According  to  Seegen,  the  blood  of  the  hepatic  vein  contains  twice  as  much  sugar  (0'23  per 
cent.)  as  that  in  the  portal  vein  (0'119  per  cent.) ;  observations  on  dogs  showed  that  the  blood 
flowing  through  the  liver  gives  up  over  400  grnis.  sugar  in  24  hrs.  Hence,  in  carnivora,  the 
greatest  part  of  the  C  of  the  animal  food  n\ust  pass  into  sugar,  so  that  the  formation  of  sugar 
in  the  liver,  and  its  decomposition  in  the  blood,  or  in  the  organs  traversed  by  the  blood,  must 
be  a  very  important  function  of  the  metabolism.  Seegen  is  also  of  opinion  that  the  liver- 
glycogen  takes  no  part  in  tlie  formation  of  sugar  in  the  liver. 

[Blood  when  perfused  through  a  freshly  excised  liver,  (or  through  the  kidneys,  lungs,  or 
muscles),  gains  lactic  acid  {G.  Aglio  and  JVissokoiviisch).] 

(3)  Fats,  in  the  form  of  highly  refractive  granules,  occur  in  the  liver-cells,  as 
well  as  free  in  the  bile-ducts  ;  sometimes,  when  the  food  contains  much  fat  (more 
abundant  in  drunkards  and  the  phthisical),  olein,  palmatin,  stearin,  volatile  fatty 
acids,  and  sarcolactic  acid  are  found. 

There  are  also  found  traces  of  cholesterin,  minute  quantities  of  urea,  uric  acid,  and  the  little- 
known  body  jecorin.  [Jecorin,  discovered  by  Drechsel,  contains  S  and  P,  and  reduces  alkaline 
solutions  of  copper  like  grape-sugar.  It  is  also  found  in  the  spleen,  muscles,  and  blood 
{Baldi).  The  liver  of  birds  contains  a  relatively  large  amount  of  uric  acid,  even  6  to  14  times 
as  much  as  the  bood  (v.  ScImMer).]  [Leucin  (?guanin),  sarkin,  xanthin,  cystin,  and  tyrosin 
occur  pathologically  in  certain  diseases  where  marked  chemical  decompositions  occur.] 

[Fatty  Dengeneration  and  Infiltration.— Fatty  granules  are  of  common  occurrence  within 
the_  cells  of  the  liver,  constituting  fatty  infiltration,  and  when  not  too  numerous  do  not  seem 
to  interfere  gi'eatly  with  the  functions  of  the  liver-cells.  Fatty  particles  occur  if  too  much 
fatty  food  be  taken,  and  they  are  commonly  found  in  the  livers  of  stall-fed  animals;  the 
well-known  j)Cdi-dc-foic  gras  is  largely  composed  of  the  livers  of  geese,  which  have  been  fed 
on  large  amounts  of  farinaceous  food,  and  which  have  been  subjected  to  other  unfavourable 
hygienic  conditions.  Fatty  granules  are  recognised  by  their  highly  refractive  appearance,  by 
their  solubility  in  ether,  and  by  being  blackened  by  osmic  acid.] 

(4)  The  inorganic  substances  in  the  human  liver  are — potassium,  sodium, 
calcium,  magnesium,  iron,  manganese,  chlorine,  and  phosphoric,  sulphuric,  car- 
bonic, and  silicic  acids  ;  while  copper,  zinc,  lead,  mercury,  and  arsenic  may  be 
accidentally  deposited  in  the  hepatic  tissue. 

[Tizzoni's  Eeaction.— If  a  section  of  a  liver  (especially  of  a  young  animal)  hardened  in  alcohol 
be  treated  with  a  solution  of  potassic  ferrocyanide,  and  then  with  dilute  hydrochloric  acid,  as  a 
general  rule  the  preparation  becomes  blue,  even  to  the  naked  eye  ;  but  failing  that,  one  can 
usually  sec  with  the  microscope  granules  of  Prussian  blue  in  the  protoplasm  of  the  cells  indi- 
cating the  presence  of  free  iron  oxide.]  ' 

175.  DIABETES  MELLIT¥S  AND  GLYCOSURIA.— [Glycosuria  is  char- 
acterised by  the  presence  of  grape-sugar  in  the  urine.  According  to  Briicke  a 
trace  of  sugar  exists  normally  in  urine,  and  when  this  amount  is  increased  we 
have  glycosuria.     When  the  normal  amount  of  grape-sugar  in  the  blood  is 
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increased,  grape-sugar  appears  in  the  urine.  In  diabetes  mellitus,  grape-sugar 
also  appears  in  the  urine,  but  this  is  really  a  serious  disease,  involving  the 
alteration  of  many  tissues,  and  distinguished  by  profound  disturbance  of  the  whole 
metabolic  activity,  which  leads  to  numerous  pathological  changes  and  often  to 
death.  The  appearance  of  grape-sugar  in  urine  does  not  necessarily  mean  that  a 
person  is  suffering  from  this  disease.] 

The  formation  of  large  quantities  of  grape-sugar  by  the  liver,  and  its  passage 
into  the  blood,  and  from  the  blood  into  the  urine,  constitute  glycosuria.  Extirpa- 
tion of  the  liver  in  frogs,  or  destruction  of  the  hepatic  cells,  as  by  fatty  degeneration 
from  poisoning  with  phosphorus  or  arsenic,  does  not  cause  this  condition.  It  occurs 
for  several  hours,  after  the  injury  of  a  certain  part — the  centre  for  the  hepatic 
vaso-motor  nerves— of  the  floor  of  the  loiver  part  of  the  fourth  ventricle  {CI. 
Bernard's  "  piqilre  ") ;  also  after  section  of  the  vaso-motor  channels  in  the  spinal 
cord,  from  above  down  as  far  as  the  exit  of  the  nerves  for  the  liver,  viz.,  to  the 
lumbar  region,  and  in  the  frog  to  the  fourth  vertebra  (Schiff).  When  the  vaso- 
motor nerves,  which  proceed  from  this  centre  to  the  liver,  are  cut  or  paralysed  in  any 
part  of  their  course,  mellituria  or  glycosuria  is  produced.  All  the  nerve  channels 
do  not  run  through  the  spinal  cord  alone.  A  number  of  vaso-motor  nerves  leave 
the  spinal  cord  higher  up,  pass  into  the  sympathetic,  and  thus  reach  the  liver ;  so 
that  destruction  of  the  superior  [Pavy),  as  well  as  of  the  inferior  cervical 
sympathetic  ganglion,  and  the  first  thoracic  ganglion  {Eckhard)  of  the  abdominal 
sympathetic,  and  often  of  the  splanchnic  itself  produces  it.  The  paralysis  of  the 
blood-vessels  causes  the  liver  to  contain  much  blood,  and  the  intrahepatic  blood- 
stream is  slowed.  The  disturbance  of  the  circulation  causes  a  great  accumulation 
of  sugar  in  the  liver,  as  the  blood-ferment  has  time  to  act  upon  the  glycogen  and 
transform  it  into  sugar.  By  stimulation  of  the  sympathetic  at  the  lowest  cervical 
and  first  thoracic  ganglion,  the  hepatic  vessels  at  the  periphery  of  the  liver-lobules 
become  contracted  and  pale  {Cyon).  It  is  remarkable  that  glycosuria  when 
present  may  be  set  aside  by  section  of  the  splanchnic  nerves.  This  is  explained 
by  supposing  that  the  enormous  dilatation  and  congestion,  or  the  hypersemia  of 
the  abdominal  blood-vessels  thereby  produced,  renders  the  liver  aucemic. 

Continued  stimulation  of  peripheral  nerves  may  act  reficxhj  upon  the  centre  for  the  vaso- 
motor nerves  of  the  liver.  Diabetes  has  been  observed  to  occur  after  stimulation  of  the  central 
und  of  the  vagus  {CI.  Bernard),  and  also  after  stimulation  of  the  central  end  of  the  depressor 
nerve  {Filehnc).  Even  section  and  subsequent  stimulation  of  the  central  end  of  the  sciatic 
nerve  causes  diabetes.  This  may  explain  the  occurrence  of  diabetes  in  people  who  sufler  from 
sciatica.  [It  may  occur  also  after  perverted  nervous  activity,  as  psychical  excitement,  neuralgias 
(sciatica,  trigeminal  or  occipital),  concussion  of  the  brain,  as  well  as  after  certain  injuries  to  the 
skull  and  vertebral  column  and  some  cerebral  diseases.] 

According  to  Schiff,  the  stagnation  of  blood  in  other  vascular  regions  of  the  body  may 
cause  the  ferment  to  accumulate  in  the  blood  to  such  an  extent  that  diabetes  occurs.  The 
glycosuria  that  occurs  after  compression  of  the  aorta  or  portal  vein  may  jjcrhaps  be  ascribed  to 
this  cause,  but  perhaps  the  pressure  caused  by  these  procedures  may  paralyse  certain  nerves. 
According  to  Eckhard,  injury  to  the  vermiform  process  of  the  cerebellum  of  the  rabbit  causes 
diabetes.    In  man,  affections  of  the  above-named  nervous  regions  cause  diabetes. 

[In  most  individuals  the  use  of  a  large  quantity  of  sugar  in  the  food  is  not  followed  by  the 
appearance  of  sugar  in  the  urine  ;  but  in  some  exceptional  cases  it  is  often  present,  e.g.,  in 
persons  suffering  from  gastric  catarrh,  especially  if  they  are  gouty.] 

A  number  of  poisons  which  paralyse  the  hepatic  vaso-motor  nerves  produce  diabetes  ;  curara 
(when  artificial  respiration  is  not  maintained),  CO,  amyl  nitrite,  ortho-nitro-propionic  acid,  and 
methyl-delphinin  ;  less  certainly  morphia,  chloral  hydrate,  HCN,  and  some  other  drugs  ; 
[phlorizin  {v.  Mering)] ;  and  some  infectious  diseases.  But  congestion  of  the  liver  produced  iu 
other  ways  appears  to  cause  diabetes,  e.g.,  after  mechanical  stimulation  of  the  liver.  To  this 
class  belongs  the  injection  of  dilute  saline  solutions  into  the  blood  {Bock,  Hoffmann),  whereby 
either  the  change  in  form  or  the  solution  of  the  coloured  blood-corpuscles  causes  the  congestion. 
The  circumstance  that  repeated  blood-letting  makes  the  blood  richer  in  sugar,  may  perhaps  be 
explained  by  the  slowing  of  the  circulation, 

[Most  of  the  means  which  produce  glycosuria  in  other  animals  fail  to  do  so  in  birds  ;  even 
the  piqiire  rarely  produces  it.    This  Thiel  and  Minkowski  attribute  to  the  intensely  active 
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oxidation-processes  in  birds.  Phlorizin  causes  glycosuria,  even  after  extirpation  of  the  liver, 
which  shows  that  in  tliese  cases  there  are  other  causes  at  work  that  obtain  in  the  forms  of 
glycosuria.]  Phlorizin  makes  animals,  which  are  free  from  carbohydrates,  diabetic.  In  this 
case  the  sugar  must  be  dei'ived  from  proteids  (v.  Mcring). 

Theoretical. — In  order  to  explain  the  more  immediate  cause  of  these  phenomena  several 
hypotheses  have  been  advanced  : — 

(«)  The  liver-glycogen  may  be  transformed  unhindered  into  sugar,  as  the  blood  in  its  passage 
througli  the  liver  (le[)osits  or  gives  up  the  ferment  to  the  liver-cells.  So  that  the  normal 
function  of  the  vaso-motor  system  of  the  liver,  and  its  centre  in  the  floor  of  the  fourth 
ventricle,  maybe  regarded  as,  in  a  certain  sense,  an  "  inhibitory  system  "  for  the  formation 
of  sugar. 

{h)  If  we  assume  that,  normally  there  is  continually  a  small  quantity  of  sugar  passing  from 
the  liver  into  the  hepatic  vein,  we  might  explain  the  diabetes  as  due  to  the  disai)pearance  of 
these  decompositions— diminished  burning-up  of  the  sugar  in  the  blood,  which  are  constantly 
removing  the  sugar  from  the  blood.  In  fact,  diabetic  persons  have  been  found  to  consume  less 
O  and  to  have  an  inci'eased  formation  of  urea. 

[Injection  of  Grape-Sugar  into  the  Blood. — When  grape-sugar  is  injected  into  the  jugular 
vein  of  a  dog,  only  33  per  cent,  at  most  is  given  off  in  the  urine ;  within  2  to  .5  hours  the 
urine  is  free  from  sugar.  Even  M'ithin  a  few  minutes  after  the  injection,  onl}'  a  certain  propor- 
tion (J-J)  of  the  sugar  is  found  in  the  blood  ;  part  of  the  sugar  has  been  detected  in  the  muscles, 
liver,  and  kidneys,  but  the  fate  of  the  remainder  is  not  known.  Immediately  after  the  injec- 
tion, the  amount  of  hemoglobin  and  also  of  serum-albi;min  is  diminished  (50  per  cent. ),  which 
is  due  to  increase  of  the  quantity  of  water  within  the  vessels  ;  but  within  two  hours  the  normal 
state  is  restored  (Brasol).  In  a  curarised  dog  the  injection  of  grape-sugar  into  a  vein  increases 
the  blood-pressure,  hut  this  effect  is  not  observed  after  the  injectifln  of  morphia  and  chloral.] 

Persons  suttering  from  diabetes  require  a  large  amount  of  food  ;  they  suffer  greatly  from 
thirst,  and  drink  n)uch  fluid.  They  exhibit  signs  of  marked  emaciation,  when  the  loss  of  the 
body  is  greater  than  the  supply.  [In  advanced  diabetes  the  glycogenic  function  of  the  liver  is 
almost  abolished,  as  was  proved  by  removing  with  a  trocar  a  small  part  of  the  liver  from  man, 
when  almost  no  glycogen  was  found  {Ehrlich).  The  absorbed  sugar  in  the  portal  vein  passes 
directly  into  the  general  circulation  without  being  submitted  to  the  action  of  the  liver  {v. 
Frerichs).]  In  severe  cases,  towards  death,  not  unfrequently  a  peculiar  comatose  condition — 
diabetic  coma — occurs,  when  the  breath  often  has  the  odour  of  aceton,  which  is  also  found  in 
the  urine.  But  neither  aceton  nor  its  precursor,  aceto-acetic  acid,  nor  rethyl-diacetic  acid,  nor 
the  unknown  substance,  in  diabetic  urine,  which  gives  the  red  colour  with  ferric  chloride  {v. 
Jaksch),  is  the  cause  of  the  coma  {Frerichs  and  Bricger). 

176.  THE  FUNCTIONS  OF  THE  LIVER.— [To  understand  the  functions 
of  the  liver,  we  must  remember  its  unique  relation  to  the  vascular  and  digestive 
systems,  whereby  many  of  the  products  of  gastric  and  intestinal  digestion  have  to 
traverse  it  before  they  reach  the  blood,  and  some  of  them  as  they  traverse  the 
liver  are  altered.  We  have  still  much  to  learn  regarding  the  liver.  It  has  several 
distinct  functions — some  obvious,  others  not.  (1)  The  liver  secretes  bile,  which  is 
formed  by  the  hepatic  cells,  and  leaves  the  organ  by  the  bile-ducts,  to  pass  into 
the  duodenum.  (2)  The  liver-cells  also  form  glycogen,  which  does  not  pass  into 
the  ducts,  but  in  some  altered  and  diffusible  form  passes  into  the  blood-stream, 
and  leaves  the  liver  by  the  hepatic  veins.  Hence,  the  study  of  the  liver  materially 
influences  our  conception  of  a  secreting  organ.  In  this  case,  we  have  the  products 
of  its  secretory  activity  leaving  it  by  two  different  channels — the  one  by  the  ducts, 
and  the  other  by  the  blood-stream.  The  liver,  therefore,  is  a  great  storehouse  of 
carbohydrates,  and  it  serves  them  out  to  the  economy  as  they  are  required.  All 
this  points  to  the  liver  as  being  an  organ  intimately  related  to  the  general 
metabolism  of  the  body.  (3)  In  a  certain  period  of  development  it  is  concerned 
in  the  formation  of  blood-corpuscles  (§  7).  (4)  It  has  some  relation  to  the 
breaking  up  of  blood-corpuscles  and  the  formation  of  urea  and  other  metabolic 
products  (§  20,  §  177,  .3).  (5)  Brunton  attributes  some  importance  to  the  liver  in 
connection  with  the  arrest  of  certain  substances  absorbed  from  the  alimentary 
canal,  whereby  they  are  either  destroyed,  stored  up  in  the  liver,  or,  it  may  be, 
prevented  from  entering  the  general  circulation  in  too  large  amount.  It  is  possible 
that  ptomaines  may  be  arrested  in  this  way  (§  166).] 

[The  liver  has  no  special  action  on  certain  mineral  substances  which  traverse  it  in  the  blood, 
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e.g.,  potassic  chloride,  but  it  retains  the  vegetable  alkaloids,  provided  they  are  not  present  in 
too  large  an  amount  in  the  blood.  Tlie  ptomaines  are  similarly  retained  in  the  liver.  The 
liver  possesses  this  property  only  as  long  as  it  contains  glycogen  {H.  Rogers).'] 

111.  CONSTITUENTS  OF  THE  BILE.— Bile  is  a  yellowish-brown  or  dark 
green  coloured  transparent  fluid,  with  a  sweetish,  strongly  bitter  taste,  feeble  musk- 
like odour,  and  neutral  reaction.    The  specific  gravity  of  human  bile  from  the  gall 
bladder=  1026  to  1032,  while  that  from  a  listula=  1020  to  1011.    It  contains  :— 

(1)  Mucus,  which  gives  bile  its  sticky  character,  and  not  unfrequently  makes  it 

alkaline ;  it  is  the  product  of  the  mucous  glands  and  the  goblet-cells  of  the  mucous 

membrane  of  the  larger  bile-ducts.    When  bile  is  exposed  to  the  air,  the  mucus 

causes  it  to  putrefy  rapidly.    It  is  precipitated  by  acetic  acid,  or  alcohol. 

[The  bile  formed  in  the  ultimate  bile-ducts  does  not  seem  to  contain  mucin  or  mucus,  but 
bile  from  the  gall-bladder  always  does.  It  is  formed  by  the  mucous  glands  in  the  larger  bile- 
ducts  (§  173).]  JO  & 

(2)  The  Bile-Acids. — Glycocholic  and  taurocholic  acids,  so-called  conjugate  acids, 
are  united  with  soda  (in  traces  w4th  potash)  to  form  glycocholate  and  taurochol- 
ate  of  soda,  which  have  a  bitter  taste,  and  rotate  the  plane  of  polarised  light  to  the 
right.  In  human  bile  (as  well  as  in  that  of  birds,  many  mammals,  and  amphi- 
bians) taurocholic  acid  is  most  abundant;  in  other  animals  (pig,  ox)  glycocholic  acid 
is  most  abundant  but  is  absent  in  sucklings. 

{a)  Glycocholic  acid,  C^^sH^gNOp ;  when  boiled  with  caustic  potash,  or  baryta 
water,  or  with  dilute  mineral  acids,  it  takes  up         and  splits  into — 

Glycin  ( =  Gl5'cocoll  =  Gelatin  Sugar  =  Amido-acetic  acid)  =  C2H5NO0. 
-I-  Cholalic  acid  (also  called  Cholic  acid)  =  C24H40O5" 

=  Glycocholic  acid -f  Water      \       \       =  CggH^aNOg  +  HoO. 

(h)  Taurocholic  acid,  CogH^jlSrSO^,  when  similarly  treated,  takes  up  water  and 
splits  into — 

Taurin  (  =  Amidorethyl-Sulphuric  acid)  =  C2H7NS03. 

-f  Cholalic  acid   ....  =Ce4H4oOs.  

=  Taurocholic  acid  4-  Water .       .       =  CoeHjgNSOy  +  HgO  (StrecJcer). 

[Solutions  of  taurocholic  acid  are  antiseptic,  and  if  sufficiently  strong  interfere  with  the  de- 
velopment of  bacteria,  and  prevent  the  alcoholic  and  lactic  fermentations,  as  well  as  the  tryptic 
and  diastatic  action  of  the  pancreas  (Emich).] 

Preparation  of  the  Bile-Acids. — Evaporate  bile  to  |  of  its  volume,  rub  it  up  into  a  paste  with 
excess  of  animal  cliarcoal,  and  dry  at  100°  G.  Extract  the  black  mass  with  absolute  alcohol, 
and  filter.  After  a  part  of  the  alcohol  has  been  removed  by  distillation,  the  bile-salts  are  pre- 
cipitated in  a  resinous  form,  and  on  the  addition  of  excess  of  ether,  there  is  formed  immediately 
a  crystalline  mass  of  glancing  needles  (Platner's  "crystallised  bile").  The  alkaline  salts  of 
the  bile-acids  are  freely  soluble  in  water  or  alcohol,  and  insoluble  in  ether.  Neutral  lead  acetate 
precipitates  the  glycocholic  acid — as  lead  glycocholate — from  the  solution  of  both  salts  ;  the 
precii)itate  is  collected  on  a  filter,  dissolved  in  hot  alcohol,  and  the  lead  is  jM-ecipitated  as  lead 
sul[)hide  by  HoS  ;  after  removal  of  the  lead  sulphide,  the  addition  of  water  precipitates  the 
isolated  glycocholic  acid.  If,  after  precipitating  the  lead  glycocholate,  the  filtrate  be  treated 
with  basic  lead  acetate,  a  precipitate  of  lead  taurocholatc  is  formed,  from  which  the  acid  may 
be  obtained  in  the  same  way  as  described  above  {Strecker). 

With  regard  to  the  decomposition  products  of  the  bile-acids,  glycin,  as  such, 
does  not  occur  in  the  body,  but  only  in  the  bile  in  combination  with  cholic  acid,  in 
urine  in  combination  with  benzoic  acid,  as  hippuric  acid,  and  lastly,  in  gelatin  in 
complex  combination. 

Cholalic  acid  rotates  the  ray  of  polarised  light  to  the  right,  and  its  chemical 
composition  is  unknown.  It  is  insoluble  in  water,  soluble  in  alcohol,  but  soluble 
with  difficulty  in  ether,  from  which  it  separates  in  prisms.  Its  crystalline  alkaline 
salts  are  readily  soluble  in  water.  It  is  coloured  blue  by  iodine,  and  occurs  free 
only  in  the  intestine. 

Cholalic  acid  is  replaced  in  the  bile  of  many  animals  by  a  nearly  related  acid,  e.g.,  in  pig's 
bile,  by  hyo-cholalic  acid  {Stixcker) ;  in  the  bile  of  the  goose,  cheno-cholalic  acid  is  present 
{Marsson,  Otto). 
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When  cholalic  acid  is  boiled  with  concentrated  HCl,  or  heated  dry  at  200°  C,  it 
becomes  an  anhydride,  thus  : — 

Cholalic  acid     .       =C24H4o05,  produces 
Choloidinic  acid  .       =C.,4H3804  + H.,0,  and  this  again  yields 
Dyslysin    .       .        =C24H3s03  =  H20. 
Choloidinic  acid  is,  however,  not  improbably  a  mixture  of  cholalic  acid  and  dyslysin  ;  dys- 
lysin, when  fused  with  caustic  potash,  is  changed  into  cholalate  of  potash.    By  oxidation 
cholalic  acid  yields  a  tribasic  acid,  as  yet  uninvestigated,  and  a  fair  amount  of  oxalic  acid,  but 
no  fatty  acids  (Olcve). 

Pettenkoffer's  Test. — The  bile-acids,  cholic  acid,  and  their  anhydrides,  when 
dissolved  in  water,  yield  on  the  addition  of  |  concentrated  sulphuric  acid  (added  in 
drops  so  as  not  to  heat  the  fluid  above  70°  C),  and  several  drops  of  a  10  per  cent, 
solution  of  cane-sugar,  a  reddish-2mr2)le  transparent  fluid,  which  shows  two  absorp- 
tion-bands at  E  and  F  (Schenk).  [A  very  good  method  is  to  mix  a  few  drops  of 
the  cane-sugar  solution  with  the  bile,  and  to  shake  the  mixture  until  a  copious 
froth  is  obtained.  Pour  the  sulphuric  acid  down  the  side  of  the  test-tube,  and  then 
the  characteristic  colour  is  seen  in  the  froth.  Any  albumin  present  must  be  re- 
moved before  applying  the  test.] 

According  to  Drechsel,  it  is  better  to  add  phosphoric  acid,  instead  of  sulphuric  acid,  until 
the  fluid  is  syrupy,  then  add  the  cane-sugar,  and  afterwards  plaCe  the  whole  in  boiling  water. 
When  investigating  the  amount  of  bile-acids  in  a  liquid,  the  albumin  must  be  removed  before- 
hand, as  it  gives  a  reaction  similar  to  the  bile-acids,  but  in  that  case  the  red  fluid  has  only  one 
absorption-band.  If  only  small  quantities  of  bile-acids  are  present,  the  fluid  must  in  the  first 
place  be  concentrated  by  evaporation. 

[Hay's  Test.^ — The  bile-acids  or  their  soluble  salts  loivcr  the  surface-tension  of  fluids  in  which 
they  are  dissolved.  Throw  a  small  quantity  of  sulphur  (sublimed  or  precipitated)  on  the  surface 
of  the  fluid  containing  bile-acids,  and  if  the  bile-acids  be  present,  the  sulphur  will  at  once  begin 
to  sink,  and  will  be  wholly  precipitated  within  a  few  minutes.    {Privately  communicated.)] 

The  bile-acids  are  formed  in  the  liver.    After  its  extirpation,  there  is  no  ac- 
cumulation of  biliary  matters  in  the  blood. 

How  the  formation  of  the  nitrogenous  bile-acids  is'eff'ected,  is  quite  unknown.  They  must 
be  obtained  from  the  decomposition  of  albuminous  materials,  and  it  is  important  to  note  that 
the  amount  of  bile -acids  is  increased  by  albuminous  food.  Taurin  contains  part  of  the  sulphur 
of  albumin  ;  bile-salts  contain  4  to  4 '6  per  cent.,  which  may  perhaps  be  derived  from  dissolved 
red  blood-corpuscles. 

(3)  The  Bile-Pigments. — The  freshly  secreted  bile  of  man  and  many  animals 
has  a  yellowish-brown  colour,  due  to  the  presence  of  bilirubin.  When  it  remains 
for  a  considerable  time  in  the  gall-bladder,  or  when  alkaline  bile  is  exposed  to  the 
air,  the  bilirubin  absorbs  O  and  becomes  changed  into  a  green  pigment,  biliverdin. 
This  substance  is  present  naturally,  and  is  the  chief  pigment  in  the  bile  of  herbivora 
and  cold-blooded  animals. 

(a)  Bilirubin  (CggHg^N^Og)  is  perhaps  united  with  an  alkali ;  it  crystallises  in 
transparent  fox-red  clinorhombic  prisms.  It  is  insoluble  in  water,  soluble  in  chloro- 
form, by  which  substance  it  may  be  separated  from  biliverdin,  which  is  insoluble 
in  chloroform.  It  unites  as  a  monobasic  acid  with  alkalies,  and  as  such  is  soluble. 
It  is  identical  with  Virchow's  haimatoidin  (§  20). 

Preparation. — It  is  most  easily  prepared  from  the  red  (bilirubin-chalk)  gall-stones  of  man  or 
the  ox.  The  stones  are  pounded,  and  their  chalk  dissolved  by  hydrochloric  acid  ;  the  pigment 
is  then  extracted  with  chloroform.  That  bilirubin  is  derived  from  htemoglobin  is  very°prob- 
ablc,  considering  its  identity  with  hiematoidin.  Very  probably  red  blood-corpuscles  are 
dissolved  in  the  liver,  and  their  hemoglobin  changed  into  bilii'ubin. 

(b)  Biliverdin,  C32H3QN4O8,  is  an  oxidised  derivative  of  the  former,  from  which 
it  can  be  obtained  by  various  oxidation-processes.  It  is  readily  soluble  in  alcohol, 
very  slightly  so  in  ether,  and  not  at  all  soluble  in  chloroform.  It  occurs  in  the 
placenta  of  the  bitch.  As  yet  it  has  not  been  retransformed  by  reducing  agents 
into  bilirubin. 

Tests  for  Bile-Pigments, — Bilirubin  and  biliverdin  may  occur  in  other  fluids^ 
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e.g.,  the  urine,  and  are  detected  by  the  Gmelin-Heintz'  reaction.  When  nitric 
acid  containing  some  nitrotts  acid  is  added  to  a  liquid  containing  thgse  pigments,  a 
play  of  colours  is  obtained  beginning  with  greoi  (biliverdin),  blue,  violet,  red,  end- 
ing with  yellow,  [This  reaction  is  best  done  by  placing  a  drop  of  the  liquid  on  a 
tvhite  porcelain  plate,  and  adding  a  drop  of  the  impure  nitric  acid,] 

(c)  If,  when  the  blue  colour  is  reached,  the  oxidation  process  is  arrested,  bilicyanin  {Hcynsius, 
Campbell),  in  acid  solution  blue  (in  alkaline  violet),  is  obtained,  which  shows  two  ill-defined 
absorption-bands  near  D  {Jaffe). 

(d)  Bilifiiscin  occurs  in  small  amount  in  decomposing  bile  and  in  gall-stones  =  bilirubin 
-fH,0.  ^  ° 

(e)  Biliprasin  (Stcullcr)  also  occurs  =  Bilirubin +  H.,0  +  0, 

(/)  The  yellow  pigment,  which  ultimately  results  from  the  prolonged  action  of  the  oxidising 
reagent,  is  the  choletelin  (CigHigNoOe)  of  Maly ;  it  is  amorphous,  and  soluble  in  water,  alcohol, 
acids,  and  alkalies. 

[Spectrum  of  Bile. — The  bile  of  carnivorous  animals  is  generally  free  from  absorption-bands, 
except  when  acids  are  added  to  it,  in  which  case  the  band  of  bilirubin  is  revealed.  Bilirubin 
and  biliverdin  yield  characteristic  spectra  only  when  they  are  treated  with  nitric  acid.  The 
bile  of  some  animals  yields  bands,  but  when  this  is  the  case  they  are  due  to  the  presence  of  a 
derivative  of  hajmatin,  and  MacMunn  calls  this  body  cholohsematin,  which  gives  a  three-  or 
four-banded  spectrum  (ox,  sheep).] 

(g)  Bilirubin  absorbs  H  +  H^O  (by  putrefaction,  or  by  the  treatment  of  alkaline 
watery  solutions  with  the  powerfully  reducing  sodium  amalgam),  and  becomes  con- 
verted into  Maly's  hydrobilirubin  (C3.2H40N4O-),  which  is  slightly  soluble  in  water, 
and  more  easily  soluble  in  solutions  of  salts,  or  alkalies,  alcohol,  ether,  chloroform, 
and  shows  an  absorption-band  at  b,  F.  This  substance,  which,  according  to  Hammar- 
sten,  occurs  in  normal  bile,  is  a  constant  colouring-matter  of  fteces,  and  was  called 
stercobilin  by  Vaulair  and  Masius,  but  is  identical  with  hydrobilirubin  (^Mcdy). 
It  is,  however,  probably  identical  with  the  urinary  pigment  urobilin  of  Jaffe  (Stokvis, 
§20), 

[The  bile  of  invertebrates  contains  none  of  the  bile-pigments  present  in  vertebrates,  although 
hfemochromogeu  is  found  in  the  cray-tish  and  pulmonate  molluscs.  In  some  organs,  and  in  bile, 
a  pigment  like  vegetable  chlorophyll — entero-chlorophyll — is  found,  but  whether  it  is  derived 
from  without,  or  formed  within  the  organism,  is  not  certain  {MacMunn).'] 

(4)  Cholesterin,  G.2^^^^0{B..f)),  is  a  monatomic  alcohol  which  rotates  the  ray  of 
polarised  light  to  the  left,  it  occurs  also  in  blood,  yelk,  nervous  matter  [and  gall- 
stones]. It  forms  transparent  rhombic  plates,  which 
usually  have  a  small  oblong  piece  cut  out  of  the  corner 
(fig.  196).  It  is  insoluble  in  water,  soluble  in  hot  alcohol, 
ether,  or  chloroform.  It  is  kept  in  solution  in  the  bile 
by  the  bile-salts. 

Preparation. — It  is  most  easily  prepared  from  so-called  wliite 
gall-stones,  which  not  unfrequently  consist  entirely  of  cholesterin, 
by  extracting  them  with  hot  alcohol  after  they  are  pulverised.  ^ 
Crystals  are  excreted  after  evaporation  of  the  alcohol.    Tests. —         ^    p-  ^gg 
They  give  a  red  colour  with  sulphuric  acid  (5  vol.  to  1  vol.  H^O),      p,.^„. .,,„  %  pholpsterin 
while  they  give  a  blue— as  cellulose  does— with  sulphuric  acid  and      ^'  ^'^^'^'^  °\  cuoiestcun. 
iodine.    When  dissolved  in  chloroform,  one  drop  of  concentrated  sulphuric  acid  causes  a  deep 
red  colour  (ZT.  Schiff). 

(5)  Amongst  the  other  organic  constituents  ;— Lecithin  (§  23),  or  its  decomposi- 
tion-product, neurin  (cholin),  and  glycero-phosphoric  acid  (into  which  lecithin  may 
be  artifically  transformed  by  boiling  with  baryta) ;  palmatin,  stearin,  olein,  as 
well  as  their  soda  soaps ;  diastatic  ferment ;  traces  of  urea ;  (in  ox  bile,  acetic  acid 
and  propionic  acid,  united  with  glycerine  and  metals,  Dngiel). 

(6)  Inorganic  constituents  of  bile  (0*6  to  1  per  cent.) : — 

They  are — sodic  and  potassic  chloride,  calcic  and  magnesic  phosphate,  and  much  iron,  which 
in  fresh  bile  gives  the  ordinary  reactions  for  iron,  so  that  iron  must  occur  in  one  of  its  oxidised 
compounds  in  bile  ;  manganese  and  silica.  Gases.— Freshly-secreted  bile  contains  in  the  dog 
more  than  50  vol.,  and  in  the  rabbit  109  vol.  per  cent.  CO.,,  partly  united  to  alkalies,  partly 
absorbed,  the  latter,  however,  being  almost  completely  absorbed  within  the  gall-bladder. 
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The  mean  composition  of  human  bile  is  : — 

Water,        .  .  82  to  90  per  cent.  Lecithin,     .       .       .         0-5  percent. 

Bile-salts,    .  .         6  to  11  Mucin  and  pigments,   .  1  to  3  ,, 

Fats  and  soaps,  .  .  2  Ash,    ....         0'61  ,, 

Cholesterin,  .  .         0*4  ,, 

Further,  uiiclianged  fat  probably'always  passes  into  the  bile,  but  it  is  again  absorbed  therefrom 
(VircJwiv).  The  amount  of  S  in  dry  dog's  bile  =  2 -8  to  S'l  per  cent.,  the  N  =  7  to  10  per  cent. 
(Spiro)  ;  the  sulphur  of  the  bile  is  not  oxidised  into  sulphuric  acid,  but  it  appears  as  a  sulphur- 
compound  in  the  urine  {Kunkcl,  v.  Voit). 

178.  SECRETION  OF  BILE.— (1)  The  secretion  of  bile  is  not  a  mere 
filtration  of  substances  already  existing  in  the  blood  of  the  liver,  but  it  is  a 
chemical  production  of  the  characteristic  biliary  constituents,  accompanied  by 
oxidation,  within  the  hepatic  cells,  to  which  the  blood  of  the  gland  only  supplies 
the  raw  material.  The  liver-cells  themselves  undergo  histological  changes  during 
the  process  of  digestion.  It  is  secreted  continually  ;  but  j^art  is  stored  up  in  the 
gall-bladder,  and  is  poured  out  copiously  during  digestion.  The  higher  temperature 
of  the  blood  of  the  hepatic  vein,  as  well  as  the  large  amount  of  CO2  in  the  bile, 
indicates  that  oxidations  occur  within  the  liver.  The  water  of  the  bile  is  not 
merely  filtered  through  the  blood-capillaries,  as  the  pressure  within  the  bile-ducts 
may  exceed  that  in  the  portal  vein, 

(2)  The  quantity  of  bile  was  estimated  by  v.  Wittich,  from  a  biliary  fistula,  at 

533  cubic  centimetres  in  twenty-four  hours  (some  bile  passed  into  the  intestine)  ; 

by  Westphalen,  at  453  to  566  grms.  [by  Murchison,  at  40  oz.] ;  by  Joh.  Eanke,  on 

a  biliary-pulmonary  fistula,  at  652  cubic  centimetres.    The  last  observation  gives 

14  grms.  (with  0'44  grms.  solids)  per  kilo,  of  man  in  twenty -four  hours. 

Analogous  values  for  animals  are — 1  kilo,  dog,  32  grm.  (1*2  solids)  ;  1  kilo,  rabbit,  137  grm. 
(2'5  solids)  ;  1  kilo,  guinea-pig,  176  grms.  (2'5  solids). 

(3)  The  excretion  of  bile  into  the  intestine  shows  two  maxima  o?mWw(7  onejieriod 
of  digestion;  the  first  from  3  to  5  hours,  and  the  second  from  13  to  15  hours, 
after  food.  The  cause  is  due  to  simultaneous  reflex  excitement  of  the  hepatic  blood- 
vessels, which  become  greatly  dilated, 

(4)  The  influence  of  food  is  very  marked.  The  largest  amount  is  secreted 
after  a  flesh  diet,  with  some  fat  added ;  less  after  vegetable  food ;  a  very  small 
amount  with  a  pure  fat  diet ;  it  stops  during  hunger.  Draughts  of  water  increase 
the  amount,  with  a  corresponding  relative  diminution  of  the  solid  constituents. 
[The  biliary  solids  are  increased  by  food,  reaching  their  maximum  about  one  hour 
after  feeding.] 

(5)  The  influence  of  blood-supply  is  variable  : — 

(a)  Secretion  is  greatly  favoured  by  a  copious  and  rapid  blood-supply.  The  blood-pressure 
is  not  the  prime  factor,  as  ligature  of  the  cava  above  the  diaphragm,  whereby  the  greatest 
blood-pressure  occurs  in  the  liver,  arrests  the  secretion. 

(h)  Simultaneous  ligature  of  tlie  hepatic  artery  (diameter  5^  mm.)  and  the  portal  vein 
(diameter,  16  mm.)  abolishes  the  secretion  {Rdhrig).  These  two  vessels  supply  the  raw 
material  for  the  secretion  of  bile. 

(c)  If  the  hepatic  artery  be  ligatured,  the  portal  vein  alone  supports  the  secretion.  Ligature 
of  the  artery  or  one  of  its  branches  ultimately  causes  necrosis  of  the  parts  supplied  by  that 
branch,  and  eventually  of  the  entire  liver,  as  this  artery  is  the  nutrient  vessel  of  the  liver. 

{d)  If  the  branch  of  the  portal  vein  to  one  lobe  be  ligatured,  there  is  only  a  slight  secretion  in 
that  lobe,  so  tliat  the  bile  must  be  formed  from  the  arterial  blood.  Complete  ligature  of  the  portal 
vein  rapiiUy  causes  death  (§  87).  Neither  ligature  of  the  hepatic  artery  by  itself,  nor  gradual 
obliteration  of  the  portal  vein  by  itself,  causes  cessation  of  the  secretion,  but  it  is  diminished. 
That  sudden  ligature  of  the  portal  vein  causes  cessation  is  due  to  the  fact  that,  in  addition  to 
diminution  of  the  secretion,  the  enormous  stagnation  of  blood  in  the  rootlets  of  the  portal  vein 
in  the  abdominal  organs  nmkes  the  liver  very  anamic,  and  thus  prevents  it  from  secreting. 

(c)  If  the  blood  of  the  hepatic  artery  is  allowed  to  pass  into  the  portal  vein  (which  has  been 
ligatured  on  the  peripheral  side),  secretion  continues  {ScMff). 

if)  Profuse  loss  of  blood  arrests  the  secretion  of  bile,  before  the  muscular  and  nervous 
apparatus  become  paralysed.    A  more  copious  supply  of  blood  to  other  organs— c.(/.,  to  the 
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muscles  of  the  trunk— during  vigorous  exercise,  diniinislies  the  secretion,  while  the  transfusion 
ot  large  quantities  of  blood  iucreases  it,  but  if  too  high  a  pressure  is  caused  in  the  portal  vein, 
by  introducing  blood  from  the  carotid  of  another  animal,  it  is  diminished. 

((/)  Influence  of  Nerves. —All  conditions  which  cause  contraction  of  the  abdominal  blood- 
vessels, e.g.,  stimulation  of  the  ansa  Vieussenii,  of  the  inferior  cervical  ganglion,  of  the  hepatic 
nerves,  ot  the  splanchnics,  of  the  spinal  cord  (either  directly  by  strychnia,  or  reHexly  through 
stimulation  of  sensory  .nerves),  affect  the  secretion;  and  so  do  all  conditions  which  cause  stagna- 
tion or  congestion  of  the  blood  in  the  hepatic  vessels  (sectiou  of  the  splanchnic  nerves,  diabetic 
puncture,  §  175),  section  of  the  cervical  spinal  cord.  Paralysis  (liiiature)  of  th 
causes  at  first  an  increase  of  the  biliary  secretion 

(/i)  Portal  and  Hepatic  Veins.— With  regard  to  the  raw  material  supplied  to  the  liver  by  its 
blood-vessels,  it  is  important  to  note  the  ditference  in  the  composition  of  the  blood  of  the 
hepatic  and  portal  veins.  The  blood  of  the  hepatic  vein  contains  more  sugar  (?),  lecithin, 
cholesteriu  (Drosdof),  and  blood-corpuscles,  but  less  albumin,  fibrin,  haemoglobin,  fat,  water, 
and  salts. 

[(i)  Uffelmann  observed  that  the  flow  of  bile  from  a  person  with  a  biliary  fistula  was  arrested 
during  fever.] 

(6)  The  formation  of  bile  is  largely  dependent  upon  the  decomposition  of  red 
blood-corpuscles,  as  they  supply  the  material  necessary  for  the  formation  of  some 
of  its  constituents. 

Hence,  all  conditions  which  cause  solution  of  the  coloured  blood-corpuscles  are  accompanied 
by  an  increased  formation  of  bile  (§  180). 

(7)  Of  course  a  normal  condition  of  the  hepatic  cells  is  required  for  a  normal 
secretion  of  bile. 

Biliary  Fistulae. — The  mechanism  of  the  biliary  secretion  is  studied  in  animals  by  means  of 
biliary  hstuUc.  Schwann  opened  the  belly  by  a  vertical  incision  a  little  to  the  right  of  the 
ensiform  process,  cut  into  the  fundus  of  the 
gall-bladder,  and  sewed  its  margins  to  the  edges  ^i'^ 
of  the  wound  in  the  abdomen,  and  afterwards 
introduced  a  cannula  into  the  wound  (fig.  197). 
To  secure  that  all  the  bile  is  discharged  exter- 
nally, tie  the  common  bile-duct  in  two  places  and 
divide  it  between  the  two  ligatures.  After  a  fistula 
is  freshly  made  the  secretion  falls.  This  depends 
upon  the  removal  of  the  bile  from  the  body.  If 
bile  be  supplied,  the  secretion  is  increased.  Re- 
generation of  tlie  divided  bile-duct  may  occur  in 
dogs.  V.  Wittich  observed  a  biliary  fistula  in 
man.  [A  temporary  biliary  fistula  may  also  be 
made.    The  abdomen  is  opened  in  the  same 

way  as  described  above.     A  long  bent  glass     ,         ,  ,  1 

cannula  is  introduced  and  tied  into  the  common  Schwann  s  permanent  fistu  a,  and  a  temporary 
bile-duct,  and  the  cystic  duct  is  ligatured  or     ^^^'^\^-  abdominal  wall  ;   G.B.,  gall- 

clamped  (fig.  197).  "The  tube  is  brought  out  bladder;  INT.,  intestine  ;  1,  tube  in  tempo- 
through  the  wound  in  the  abdomen.]  _  ^'^^T  "^tula  (Stirling). 

[Influence  of  the  Liver  on  Metabolism. — If  the  liver  be  excluded  from  the  circulation,  im- 
portant changes  must  necessarily  occur  in  the  metabolism.  In  birds  (the  goose)  there  is  an 
anastomosis  Ijctweeii  the  2)ortal  system  of  the  liver  and  that  of  the  kidneys,  so  that,  when  the 
portal  circulation  is  interrupted  in  these  animals,  there  is  never  any  great  congestion  in  the 
abdominal  organs.  The  goose  dies  generally  eight  to  ten  hours  after  the  operation.  The  uric 
ackl  in  the  urine  rapidly  falls  to  a  minimum  {^jf  to  of  normal)  ;  the  chief  constituent  of  the 
urine  is  then  sarcolaetic  acid,  while  in  normal  urine  there  is  none  ;  the  ammonia  is  increased 
(3Iinkoivski).  This  experiment  goes  to  indicate  that  uric  acid  is  formed  in  the  liver.  Dog.— 
If  the  liver  be  excluded  from  the  portal  circulation,  by  connecting  the  portal  vein  with  the 
inferior  vena  cava,  and  ligaturing  the  hepatic  artery,  a  dog  will  live  in  the  former  case  three  to 
.six  days  and  in  the  latter  one  to  two.  The  liver  does  not  undergo  necrosis,  nor  does  bile  cease 
to  be  secreted.  The  liver  is  nourished  by  the  blood  in  the  hepatic  vein,  the  reflux  in  this  vein 
being  probably  caused  by  the  respiratory  movements  [Stolnikow).  Noel  Paton  finds  that  in  dogs, 
in  a  condition  of  nitrogenous  balance,  some  drugs  which  increase  the  flow  of  bile  [e.g.,  salicylate 
and  benzoate  of  soda,  colchicum,  perchloride  of  mercury,  and  eiionymin)  also  increase  the  pro- 
duction of  urea  ;  hence,  he  concludes  that  the  formation  of  urea  in  the  liver  bears  a  very  direct 
relationship  to  the  secretion  of  bile  (§  256).] 

179.  EXCRETION  OF  BILE.— [In  this  connection  we  must  keep  in  view  two 
distinct  mechanisms.    (1)  The  bile-secreting  mechanism  dependent  upon  the 
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liver-cells,  which  are  always  in  a  greater  or  less  degree  of  activity  ;  (2)  the  'bile- 
expelling  mechanism.,  which  is  specially  active  at  certain  periods  of  digestion 

Excretion  of  bile  is  due  to  (1)  the  continual  pressure  of  the  newly-formed 
bile  within  the  interlobular  bile-ducts  forcing  onward  the  bile  in  the  excretory 
ducts. 

(2)  The  interrupted  periodic  compression  of  the  liver  from  above,  by  the 

diaphragm,  at  every  inspiration.    Further,  every  inspiration  assists  the  flow  of 

blood  in  the  hepatic  veins,  and  every  respiratory  increase  of  pressure  within  the 

abdomen  favours  the  current  in  the  portal  vein. 

It  is  probable  that  the  diminution  of  the  secretion  of  bile,  which  occurs  after  bilateral  division 
of  the  vagi,  is  to  be  explained  in  this  way  ;  still  it  is  to  be  remembered,  that  the  vagus  sends 
branches  to  the  hepatic  plexus.  It  is  not  decided  whether  the  biliary  excretion  is  diminished 
after  section  of  the  phrenic  nerves  and  j^aralysis  of  the  abdominal  muscles. 

(3)  The  contraction  of  the  smooth  muscles  of  the  larger  bile-ducts  and  the  gall- 
bladder. Stimulation  of  the  spinal  cord,  from  which  the  motor  nerves  for  these 
structures  pass,  causes  acceleration  of  the  outflow,  which  is  afterwards  followed  by 
a  diminished  outflow.  Under  normal  conditions,  this  stimulation  seems  to  occur 
reflexly,  and  is  caused  by  the  passage  of  the  ingesta  into  the  duodenum,  which,  at 
the  same  time,  excites  movement  of  this  part  of  the  intestine. 

(4)  Direct  stimulation  of  the  liver,  and  reflex  stimulation  of  the  spinal  cord, 
diminish  the  excretion  ;  while  extirpation  of  the  hepatic  plexus  and  injury  to  the 
floor  of  the  fourth  ventricle  do  not  exert  any  disturbing  influence. 

(5)  A  relatively  small  amount  of  resistance  causes  bile  to  stagnate  in  the  bile- 
ducts. 

Secretion  Pressure. — A  manometer,  tied  into  the  gall-bladder  of  a  guinea-pig,  supports  a 
column  of  200  millimetres  of  xvater;  and  secretion  can  take  place  under  this  pressure.  If  this 
pressure  be  increased,  or  too  long  sustained,  the  watery  bile  passes  from  the  liver  into  the 
blood,  even  to  the  amount  of  four  times  the  weight  of  the  liver,  thus  causing  solution  of  the 
red  blood-corpuscles  by  the  absorbed  bile ;  and  very  soon  thereafter  haimoglobin  appears  in  the 
urine.  [This  fact  is  of  practical  importance,  as  duodenitis  may  give  rise  to  symptoms  of 
jaundice,  the  resistance  of  the  inflamed  mucous  membrane  being  sufficient  to  arrest  the  out- 
flow of  bile.  ] 

Passage  of  Substances  into  the  Bile.  — Some  substances  which  enter  the  blood  pass  into  the 
bile  ;  especially  the  metals,  copper,  arsenic,  iron,  &c.  ;  potassium  iodide,  bromide,  and 
sulphocyanide,  and  turpentine  ;  to  a  less  degree,  cane-sugar  and  grape-sugar  ;  sodium  salicylate, 
and  carbolic  acid.  If  a  large  amount  of  water  be  injected  into  the  blood,  the  bile  becomes 
albuminous  ;  mercuric  and  niercurous  chlorides  cause  an  increase  of  the  water  of  the  bile. 
Sugar  has  been  found  in  the  bile  in  diabetes  ;  leucin  and  tyrosin  in  typhus,  lactic  acid  and 
albumin  in  other  pathological  conditions  of  this  fluid. 

180.  REABSORPTION  OF  BILE;  JAUNDICE.— I.  Absorption-Jaimdice.— When  resist- 
ance is  oflered  to  the  outflow  of  bile  into  the  intestine,  e.g.,  by  a  plug  of  mucus,  or  a  gall-stone 
which  occludes  the  bile-duct,  or  where  a  tumour  or  pressure  from  without  makes  it  impervious 
— the  bile-ducts  become  filled  with  bile  and  cause  an  enlargement  of  the  liver.  The  pressure 
within  the  bile-ducts  is  increased.  As  soon  as  the  pressure  has  reached  a  certain  amount, 
which  it  soon  does  when  the  bile-duct  is  occluded  (in  the  dog  275  mm.  of  a  column  of  bile)' 
reabsorption  of  bile  from  the  distended  larger  bile-ducts  takes  place  into  the  lymphatics  (not 
tlie  blood-vessels)  of  the  liver,  the  bile-acids  pass  into  the  lymphatics  of  the  liver.  [The 
lymphatics  can  be  seen  at  the  portal  fissure  filled  with  yellow-coloured  lymph.]  The  lymph 
passes  into  the  thoracic  duct,  and  so  into  the  blood  [Fleischl).  Even  when  the  pressure  is  very 
low  within  the  portal  vein,  bile  may  pa.ss  into  the  blood  without  any  obstruction  to  the  bile-duct 
being  present.  This  is  the  case  in  Icterus  neonatorum,  as  after  ligature  of  the  umbilical  cord 
no  more  blood  passes  through  the  umbilical  vein  ;  further,  in  the  icterus  of  hunger,  "huno-er- 
.iaundice  "  as  the  portal  vein  is  relatively  empty,  owing  to  the  feeble  absorption  from  1;he 
intestinal  canal  {CI.  Bernard). 

II.  Cholsemia  may  also  occur,  owing  to  the  excessive  production  of  bile  (hypercholia)  the 
bile  not  bemg  all  excreted  into  the  intestine,  so  that  part  of  it  is  reabsorbed.  This  takes 
place  when  there  is  solution  of  a  great  number  of  blood-corpuscles  (§  17S,  6),  which  yield 
material  for  the  formation  of  bile.  Thick  inspissated  bile  accumulates  in  the  bile-'ducts  so'tbat 
stagnation,  with  subsequent  reabsorption  of  the  bile,  takes  place.    The  transfusion  of'  hetero- 
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geneous  blood  obtained  by  dissolving  coloured  blood-corpuscles  acts  in  this  direction.  Icterus  is 
a  common  phenomenon  after  too  copious  transfusion  of  the  same  blood.  The  blood-corpuscles 
are  dissolved  by  the  injection  into  the  blood  of  heterogeneous  blood-serum,  by  the  injection  of 
bile-acids  into  the  vessels,  and  by  other  salts,  by  phosphoric  acid,  water,  chloral,  inhalation  of 
chlorofonh  and  ether ;  the  injection  of  dissolved  luemoglobin  into  the  arteries  or  into  a  loop  of 
the  small  intestine  acts  in  the  same  v>a,y. 

Icterus  Neonatorum. — When,  owing  to  compression  of  the  placenta  within  the  uterus,  too 
much  blood  is  forced  into  the  blood-vessels  of  the  newly-born  infant,  a  part  of  the  surplus 
blood  during  the  lirst  few  days  becomes  dissolved,  part  of  the  hiemoglobiu  is  converted  into 
bilirubin,  thus  causing  jaundice  ( Virchow,  Violet). 

Absorption-Jaundice. — When  the  jaundice  is  caused  by  the  absorption  of  bile 
already  formed  in  the  liver,  it  is  called  hepatogenic  or  absorption-jaundice.  The 
following  are  the  symptoms  : — 

(1)  Bile-pigments  and  bile-acids  pass  into  the  tissues  of  the  body;  hence,  the  most  pro- 
nounced external  symptom  is  the  yellowish  tint  or  Jaundice.  The  skin  and  the  sclerotic 
become  deeply  coloured  yellow.  In  pregnancy  the  fcetus  is  also  tinged. 
^  (2)  Bile-pigments  and  bile-acids  pass  into  the  urine  (not  into  the  saliva,  tears,  or  mucus), 
(§  177).  When  there  is  much  bile-pigment,  the  urine  is  coloured  a  deep  yellowish-brown,  and 
its  froth  is  citron-yellow ;  while  strips  of  gelatin  or  paper  dipped  into  it  also  become  coloured. 
Occasionally  bilirubin  (=  hfematoidin)  crystals  occur  in  the  urine  (§  266). 

(3)  The  faeces  are  "  clay-coloured"  (because  the  hydrobilirubin  of  the  bile  is  absent  from  the 
fajcal _ matter) — very  hard  (because  the  fluid  of  the  bile  does  not  pass  into  the  intestine); 
contain  much  fat  (in  globules  and  crystals),  bacause  the  fat  is  not  sufficiently  digested  in  the 
intestine  witliout  bile,  so  that  78  per  cent,  of  the  fat  taken  with  the  food  reappears  in  the  freces 
{  v.  Voit) ;  they  have  a  very  disagreeable  odour,  because  the  bile  normally  greatly  limits  the 
putrefaction  in  the  intestine.  [V.  Voit  finds  that  putrefaction  does  not  take  place  if  fats  be 
withheld  from  the  food.]  The  evacuation  of  the  feeces  occurs  slowly,  partly  owing  to  the  hardness 
of  the  ffEces,  partly  because  of  the  absence  of  the  peristaltic  movements  of  the  intestine,  owing 
to  the  want  of  the  stimulating  action  of  the  bile. 

(4)  The  heart-beats  are  greatly  diminished,  e.g.,  to  40  per  minute.  This  is  due  to  the 
action  of  the  bile-salts,  which  at  first  stimulate  the  cardiac  ganglia,  and  then  weaken  them. 
Bile-salts  injected  into  the  heart  produce  at  first  a  temporary  acceleration  of  the  pulse,  and  after- 
wards slowing  (Eohrig).  The  same  occurs  when  they  are  injected  into  the  blood,  but  in  this 
case  the  stage  of  excitement  is  very  short.  The  phenomenon  is  not  affected  by  section  of  the 
vagi.  It  is  probable,  that  when  the  action  of  the  bile-salts  is  long  continued,  they  act  upon  the 
heart-muscle.  In  addition  to  the  action  on  the  heart,  there  is  slowing  of  the  respiration  and 
diminution  of  temperature. 

(5)  That  the  nervous  system,  and  perhaps  also  the  muscles,  are  afTected,  either  by  the  bile- 
salts  or  by  the  accumulation  of  cholesterin  in  the  blood,  is  shown  by  the  very  general  relax- 
ation, sensation  of  fatigue,  weakness,  drowsiness,  and  lastly  deep  coma — sometimes  there  is 
sleeplessness,  itchiness  of  the  skin,  even  mania,  and  spasms.  Lowit,  after  injecting  bile  into 
animals,  observed  phenomena  referable  to  stimulation  of  the  respiratory,  cardio-iuhibitory, 
and  vasomotor  nerve-centres. 

(6)  In  very  pronounced  jaundice  there  maybe  "yellow  visio7i,"  owing  to  the  impregnation  of 
the  retina  and  macula  lutea  with  the  bile-pigment. 

(7)  The  bile-acids  in  the  blood  dissolve  the  red  blood-corpuscles.  The  hajmoglobin  is 
changed  into  new  bile-pigment,  and  the  globulin-like  body  of  the  hffimoglobiu  may  form 
urinary  cylinders  or  casts  in  the  urinary  tubules,  which  are  ultimately  washed  out  of  the  tubules 
by  the  urine. 

[Influence  of  Drugs  on  the  Secretion  of  Bile. — On  animals  one  maj'-  make  cither  a  permanent 
or  a  temporary  fistula.  The  latter  is  the  more  satisfactory  method,  and  the  experiments  are 
usually  made  on  fasting  curarised  dogs.  A  suitable  cannula  is  introduced  into  tlie  common 
bile-duct  (fig.  197),  the  animal  is  curarised,  artificial  respiration  being  kept  up,  wliile  the  drug 
is  injected  into  the  stomach  or  intestine.  Rohrig  used  this  method,  which  was  improved  by 
Rutherford  and  Vignal.  Riihrig  found  that  some  purgatives,  croton  oil,  colocynth,  jalap,  aloes, 
rhubarb,  senna,  and  other  substances,  increased  the  secretion  of  bile.  Rutherford  and  Vignal 
investigated  the  action  of  a  large  number  of  drugs  on  the  bile-secreting  mechanism.  They 
found  that  croton  oil  is  a  feeble  hepatic  stimulant,  while  podophyllin,  aloes,  colchicum,  euony- 
miu,  iridin,  sanguinarin,  ipecacuan,  colocynth,  sodium  phosphate,  phytolaccin,  sodium  beuzoate, 
sodium  salicylate,  dilute  nitro-hydrochloric  acid,  anmionium  phosphate,  mercuric  chloride  (cor- 
rosive sublimate),  are  all  powerful,  or  very  considerable,  hepatic  stimulants.  Some  substances 
stimulate  the  intestinal  glands,  but  not  the  liver,  e.g.,  magnesium  sulphate,  castor  oil,  gam- 
boge, ammonium  chloride,  manganese  sulphate,  calomel.  Other  substances  stimulate  the  liver 
as  well  as  the  intestinal  glands,  although  not  to  the  same  extent,  e.g.,  scammony  (powerful 
intestinal,  feeble  hepatic  stimulant);  colocynth  excites  both  powerfully;  jalap,  sodium  sulphate, 
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and  baptisin  act  with  considerable  power  both  on  the  liver  and  the  intestinal  glands.  Cala- 
bar bean  stimulates  the  liver,  and  the  increased  secretion  caused  thereby  may  be  reduced  by 
sulphate  of  atropin,  although  the  latter  drug,  when  given  alone,  does  not  notably  aflect  the 
secretion  of  bile.  The  injection  of  water  or  bile  slightly  increases  the  secretion.  In  all  cases 
where  pm-f^ation  was  produced  by  purely  intestinal  stimulants,  such  as  magnesium  sulphate, 
■mmbof'-c,  and  castor  oil,  the  secretion  of  bile  was  diminished.  In  all  such  experiments  it  is  most 
unportant  that  the  tcmiKraturc  of  the  animal  he  kept  tq),  else  the  secretion  of  bile  diminishes. 
Paschkis's  results  on  dogs  differ  considerably  from  those  of  Rutherford.  He  asserts  that  only 
the  bile-acids  (salts)  of  all  the  substances  he  investigated  excite  a  prompt  and  distinct  chola- 
gogue  action.]  .  .. 

[As  j-et  we  cannot  say  definitely  whether,  or  not,  these  substances  stimulate  the  secretion  ot  bile, 
by  exciting  the  mucous  membrane  of  the  small  intestine,  and  thereby  inducing  reflex  excitement 
of  the  liver.  Their  action  does  not  .seem  to  be  due  to  increase  of  the  blood-stream  through  the 
liver.  More  probably,  as  Paitherford  suggests,  these  drugs  act  directly  on  the  hepatic-cells  or 
their  nerves.  Acetate  of  lead  directly  depresses  the  biliary  secretion,  while  some  substances 
affect  it  indirectly.  ] 

[CholesteraBmia.— Flint  ascribes  great  importance  to  the  excretion  of  cholesterin  by  the  bile, 
with  reference  to  the  metabolism  of  the  nervous  system.  Cholesterin,  which  is  a  normal  in- 
gredient of  nervous  tissue,  is  excreted  by  the  bile  ;  and  if  it  be  retained  in  the  blood  "  choles- 
tertemia,"  with  grave  nervous  symptoms,  is  said  to  occur.  This,  however,  is  problematical, 
and  the  phenomena  described  are  probably  referable  to  the  retention  of  the  bile-acids  in  the 
blood.] 

181.  FUNCTIONS  OF  THE  BILE.— [(1)  Bile  is  concerned  in  tlie  digestion  of 
certain  food-stuffs  ;  (2)  part  is  absorbed  ;  (3)  part  is  excreted.] 
(A)  Bile  plays  an  important  part  in  the  absorption  of  fats  : — 

(1)  It  emulsionises  neutral  fats,  whereby  the  fatty  granules  pass  more  readily 
through  or  between  the  cylindrical  epithelium  of  the  small  intestine  into  the  lac- 
teals.  It  does  not  decompose  neutral  fats  into  glycerine  and  a  fatty  acid,  as  the 
pancreas  does  (§  170,  III.). 

When,  however,  fatty  acids  are  dissolved  in  the  bile,  the  bile-salts  are  decomposed,  the  bile- 
acids  being  set  free,  while  the  soda  of  the  decomposed  bile-salts  readily  forms  a  soluble  soap 
with  the  fatty  acids.  These  soaps  are  soluble  in  the  bile,  and  increase  considerably  the  emulsi- 
fying power  of  this  fluid.  Bile  can  dissolve  fatty  acids  to  form  an  acid  fluid,  which  has  high 
emulsionising  properties  [Steiner).  Emulsification  is  influenced  by  a  1  i)er  cent,  solution  of 
NaCl,  or  Na„S04. 

(2)  As  fluid  fat  flows  more  easily  through  capillary  tubes  moistened  with  bile,  it 
is  conckided  that,  when  the  pores  of  the  wall  of  the  small  intestine  are  moistened 
with  bile,  the  fatty  particles  pass  more  easily  through  them. 

(3)  Filtration  of  fat  takes  place  through  a  membrane  moistened  with  bile  or  bile- 
salts  under  less  pressure  than  when  it  is  moistened  with  water  or  salt  solutions  {v. 
Wistinghausen) . 

(4)  As  bile,  like  a  solution  of  soap,  has  a  certain  relation  to  watery  solutions,  as 
well  as  to  fats,  it  permits  diffusion  to  take  place  between  these  two  fluids,  as  the 
membrane  is  moistened  by  both  fluids. 

It  is  clear,  therefore,  that  the  bile  is  of  great  importance  in  the  absorption  of  fats.  This  is 
strikingly  illustrated  by  experiments  on  animals,  in  which  the  bile  is  entirely  discharged  exter- 
nally through  a  fistula.  Dogs  under  these  conditions,  absorbed  at  most  40  per  cent,  of  the  fat 
taken  with  the  food  [60  per  cent,  being  given  off'  by  the  fajces,  while  a  normal  dog  absorbs  99 
per  cent,  of  the  fat].  The  chyle  of  such  animals  is  very  poor  in  fat,  is  not  white  but  trans- 
parent ;  the  feeces,  however,  contain  much  fat,  and  are  oily ;  the  animals  have  a  ravenous 
appetite  ;  the  tissues  of  the  body  contain  little  fat,  even  when  the  nutrition  of  the  animals  has 
not  been  much  interfered  with.  Persons  suffering  from  disturbances  of  the  biliary  secretion,  or 
from  liver  affections,  ought,  therefore,  to  abstain  from  fatty  food.  [The  digestion  of  flesh  and 
gelatin  is  not  interfered  with  in  dogs  by  the  removal  of  the  bile  {v.  Voit).] 

(B)  Fresh  bile  contains  a  diastatic  ferment,  which  transforms  starch  into  sugar, 
and  also  glycogen  into  sugar. 

(C)  Bile  excites  contractions  of  the  muscular  coats  of  the  intestine,  and  con- 
tributes thereby  to  absorption. 

(1)  The  bile-acids  act  as  a  stimulus  to  the  muscles  of  the  villi,  which  contract  from  time  to 
time,  so  that  the  contents  of  the  origins  of  the  lacteals  are  emptied  towards  the  larger  lym- 
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pliatics,  and  the  villi  arc  thus  in  a  position  to  absorb  more.  [The  villi  act  like  numerous  small 
pumps,  and  expel  their  coutents,  which  are  prevented  from  returning  by  the  presence  of  valves 
in  the  larger  l^Muphatics.] 

(2)  The  musculature  of  the  intestine  itself  seems  to  be  excited,  perhaps  through  the  agency 
of  the  plexus  myentericus.  In  animals  with  a  biliary  fistula,  and  in  which  the  bile-duct  is 
obstructed,  the  intestinal  peristalsis  is  greatly  diminished,  while  the  salts  of  the  bile-acids 
administered  by  the  mouth  cause  diarrhcea  and  vomiting.  As  contraction  of  the  intestine  aids 
absorption,  bile  is  also  necessary  in  this  way  for  the  absorption  of  the  dissolved  food-stull's. 

(D)  The  presence  of  bile  seems  to  be  necessary  to  tlie  vital  activity  of  the  intes- 
tinal epithelium  in  its  supposed  function  of  being  concerned  in  the  absorption  of 
fatty  particles  (§  190). 

(E)  Bile  moistens  the  wall  of  the  intestines,  and  gives  to  the  fieces  their  normal 
amount  of  water,  so  that  they  can  be  readily  evacuated.  Animals  with  biliary 
fistula,  or  persons  with  obstruction  of  the  bile-ducts,  are  very  costive.  The  mucus 
aids  the  forward  movement  of  the  ingesta  through  the  intestinal  canal.  [Thus,  in 
a  certain  sense,  bile  is  a  natural  purgative.] 

(F)  The  bile  diminishes  putrefactive  decomposition  of  the  intestinal  contents, 
especially  with  a  fatty  diet,  §  190.  [Thus,  it  is  an  antiseptic,  although  this  is 
doubted  by  v.  Voit.] 

(G)  When  the  strongly  acid  contents  of  the  stomach  pass  into  the  duodenum, 
the  glycocholic  acid  is  precipitated  by  the  gastric  acid,  and  carries  the  pepsin  with 
it  {Burkart).  Some  of  the  albumin,  which  has  been  simply  dissolved  (but  not 
peptone  or  propeptone),  is  also  precipitated,  by  the  taurocholic  acid  {Maly  and 
Emifh).  The  bile-salts  are  decomposed  by  the  acid  of  the  gastric  juice.  When  the 
mixture  is  rendered  alkaline  by  the  pancreatic  juice  and  the  alkali  derived  from  the 
decomposition  of  the  bile-salts,  the  pancreatic  juice  acts  energetically  in  this  alka- 
line medium  {Moleschoit). 

[Taurocholic  acid  and  its  soda  salts  precipitate  albumin,  but  not  peptone  ;  glycocholic  acid 
does  not  precipitate  albumin,  so  that  in  the  intestine  the  peptone  is  separated  from  the  albumin 
(and  sj'ntonin),  and  may  therefore  be  more  readily  absorbed,  while  the  precipitate  adhering  to 
the  intestinal  wall  can  be  further  digested  {Malij  and  Emich).  Taui'ocholic  acid  behaves  in  the 
same  way  towards  gelatin  peptone.  ] 

Bilious  Vomit. — When  bile  passes  into  the  stomach,  as  in  vomiting,  the  acid  of  the  gastric 
juice  unites  with  the  bases  of  the  bile-salts  ;  sodium  chloride  and  free  bile-acids  are  formed,  and 
the  acid-reaction  is  thereby  somewhat  diminished.  The  bile-acids  cannot  carry  on  gastric 
digestion  ;  the  neutralisation  also  causes  a  precipitation  of  the  pepsin  and  mucin.  As  soon, 
however,  as  the  walls  of  the  stomach  secrete  more  acid,  the  pepsin  is  redissolved.  The  bile 
which  passes  into  the  stomach  deranges  gastric  digestion,  by  shrivelling  the  proteids,  which  can 
only  be  peptonised  when  they  are  swollen  up  (p.  250). 

182.  FATE  OF  THE  BILE. — Some  of  the  biliary  constituents  are  completely 
evacuated  with  the  fasces,  while  others  are  reabsorbed  by  the  intestinal  walls. 

(1)  Mucin  passes  unchanged  into  the  fceces. 

(2)  The  bile-pigments  are  reduced,  and  are  partly  excreted  with  the  faeces  as 
hydrobilirubin,  and  partly  as  the  identical  end-product  urobilin  by  the  urine 
(§1T7,  3^7). 

From  meconium  hydrobilirubin  is  absent,  while  crystalline  bilirubin  and  biliverdin,  and  an 
unknown  red  oxidation-product  of  them,  are  present  [bile-acids,  even  taurocholic,  and  small 
trace  of  fatty  acids]  {Zweifcl),  so  that  it  gives  Gmelin's  reaction.  Hence,  no  reduction — but 
rather  oxidation — processes  occur  in  the  foetal  intestine.  [Composition. — Dary  gives  727  per 
cent,  water,  23 '6  mucus  and  epithelium,  1  per  cent,  fat  and  cliolesterin,  and  3  percent,  bile- 
pigments.  Zweifel  gives  7978  per  cent,  water,  and  solids  20-22  per  cent.  It  does  not  contam 
lecithin,  but  so  much  bilirubin  that  Hoppe-Seyler  uses  it  as  a  good  source  whence  to  obtain  this 
pigment.    It  gives  a  spectrum  of  a  body  related  to  urobilin.] 

(3)  Cholesterin  is  given  ofi  with  the  faeces. 

(4)  The  bile-salts  are  for  the  most  part  reabsorbed  by  the  walls  of  the  jejunum 
and  ileum,  to  be  re-employed  in  the  animal's  economy.  Tappeiner  found  them  in 
the  chyle  of  the  thoracic  duct — minute  quantities  pass  normally  from  the  blood 
into  the  urine.    Only  a  very  small  amount  of  glycocholic  acid  appears  unchanged 
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in  the  feces.  The  taurocholic  acid,  as  far  as  it  is  not  absorbed,  is  easily  decom- 
posed in  the  intestine,  by  the  putrefactive  processes,  into  cholalic  acid  and  taurin ; 
the  former  of  these  is  found  in  the  fajces,  but  the  taurin  at  least  seems  not  to  be 
constantly  present.  Part  of  the  cholalic  acid  is  absorbed,  and  may  unite  in  the 
liver  either  vpith  glycin  or  taurin  (Weiss). 

(5)  The  fcBces  contain  mere  traces  of  lecithin. 

Impaired  Nutrition. — The  groatL-ht  ])ai-t  of  the  most  important  biliary  constituents,  the  bile- 
acids,  ve-enter  the  blood,  and  thus  is  explained  why  animals  witli  a  biliaiy  fistula,  where  all  the 
bile  is  removed  (without  tlie  animal  being  allowed  to  lick  the  bile),  rapidly  lose  weight.  This 
depends  partly  upon  the  digestion  of  the  fats  being  interfered  with,  and  also  upon  the  direct 
loss  of  the  bile-salts.  If  such  dogs  are  to  maintain  their  weight,  they  must  eat  twice  as  much 
food.  In  such  cases,  carbohydrates  most  beneficially  replace  the  fats.  If  the  digestive 
apparatus  is  otherwise  intact,  the  animals,  on  account  of  their  voracity,  may  even  increase  in 
weight,  but  the  flesh  and  not  the  fat  is  increased. 

Bile  partly  an  Excretion. — The  fact  that  bile  is  secreted  during  the  foetal 
period,  whilst  none  of  the  other  digestive  fluids  is,  proves  that  it  is  an  excretion. 

The  cholalic  acid  which  is  reabsorbed  by  tlie  intestinal  walls  passes  into  the  body,  and  seems 
ultimately  to  be  burned  to  form  COo  and  HoO.  The  glycin  (with  hippuric  acid)  forms  urea,  as 
the  urea  is  increased  after  the  injection  of  glycin.  The  fate  of  taurin  is  unknown.  When  large 
quantities  are  introduced  into  the  human  stomach,  it  reappears  in  the  urine  as  tauro-carbamic 

acid,  along  with  a  small  quantity  of  unchanged 
taurin.  AVhen  injected  subcutaneously  into  a 
rabbit,  nearly  all  of  it  reappears  in  the  urine. 

[Practical. — In  practice  it  is  important  to  re- 
member that  bile,  once  in  the  intestine,  is  liable 
to  be  absorbed  unless  it  be  carried  down  the 
intestine  ;  hence,  it  is  one  thing  to  give  a  drug 
which  will  excite  the  secretion  of  bile,  i.e.,  a 
hepatic  stimulant,  and  another  to  have  the  bile  so 
secreted  expelled.  It  is  wise,  therefore,  to  give  a 
drug  which  will  d6  both,  or  at  least  to  combine  a 
hepatic  stimulant  with  one  which  will  stimulate 
the  musculature  of  the  intestine  as  well.  Active 
cx,ercim,  whereby  the  diaphragm  is  vigorously 
called  into  action  to  compress  the  liver,  will  aid  in 
the  expulsion  of  the  bile  from  the  liver  (Brunion).  ] 

183.  THE  INTESTINAL  JUICE.— Length  of 

Intestine. — The  human  intestine  is  ten  times 
longer  than  the  length  of  the  body,  as  measured 
from  the  vertex  to  the  anus.  It  is  longer  com- 
paratively than  that  of  the  omuivora.  Its  mini- 
mum length  is  507,  its  maximum  1194  centimetres 
[17  to  35  feet] ;  its  capacity  is  relatively  greater  in 
children  (Bencke). 

The  snccus  entericus  is  the  digestive 

fluid  secreted  by  the  numerous  glands  of  the 

intestinal  mucous  membrane.    The  largest 

amount  is  produced  by  Lieberkiihn's  glands, 

while  in  the  duodenum  there  is  added  the 

scanty  secretion  of  Brunner's  glands. 

Bninner's  glands  are  small,  branched,  tubular  glands,  lying  in  the  sub-mucosa  of  the  duo- 
di'num.  Their  fine  ducts  run  inwards,  pierce  the  mucous  membrane,  and  open  at  the  bases  of  the 
villi  (fig.  198).  The  acini  are  lined  by  cylindrical  cells,  like  those  lining  the  jiyloric  glands.  In 
fact  Brunner's  glands  are  structurally  and  anatomically  identical  with  the  pyloric  glands  of  the 
stomach.  During  hunger,  the  cells  are  turliid  and  small,  while  during  digestion  they  are  large 
and  clear.    The  glands  receive  nerve-fibres  from  Meissuer's  plexus  (Drasch). 

I.  The  Secretion  of  Brunner's  Glands. — The  granular  contents  of  the  secretory 
cells  of  these  glands,  which  occur  singly  in  man,  but  form  a  continuous  layer  in 
the  duodenum  of  the  sheep,  besides  liroteids  consist  of  mucin  and  a  fermeni- 
suhstance  of  unknown  constitution.    The  watery  extract  of  the  glands  causes — (1) 
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Fig.  198. 

Vertical  section  of  duodenum  (cat),  x  30. 
B,  epithelium  ;  c  and  I,  circular  and  longi- 
tudinal muscular  fibres  ;  L.g,  Lieberkiihn's 
glands ;  B.g,  Brunner's  glands,  (j,  ganglion 
cells  ;  V,  villi. 
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Solution  of  proteids  at  the  temperature  of  the  body  (Ryolow).    (2)  It  also  has  a 
diastatic  action.    It  converts  maltose  into  glucose  (Broivn  and  Heron).    It  does  not 
appear  to  act  upon  fats. 
On  account  of  the  smaUness 


Granclular 
epithelium. 

Blood-vessel. 


J  s,  .  of  the  objects,  such  experiments  are  only  made  with  "rent 

secrctioJ'         t^^^'^foi'^^  tliere  iS  a  considerable  uncertainty  with  regard  to  the  action  ot  the 

Lieberkuhn's  glands  are  simple  tubular  glands  resemblin-  tlie  finger  of  a  glove  [or  a  test- 
tube],  which  he  closely  packed,  ^^rtlcally  near  each  other,  in-the  mucSus  membrane  (fig.  199)  ; 
tl  ej  areniost  numerous  in  tlie  large  intestine,  owing  to  the  absence  of  villi  in  this  region. 
1  hey  consist  of  a  structureless  membrana  propria  lined  by  a  single  layer  of  low  cylimlrical 
epithelium  between  which  numerous  goblet-cells  occur,  the  goblet-cells  being  fewer  in  the 
small  mtestme  and  much  more  mimerous  in  the  large  (fig.-  199).  The  glandl  of  the  small 
intestine  yield  a  thin  secretion,  while  those  of  the  large  intestine  yield  a  large  amount  of  sticky 
mucus  from  their  goblet-  ^  j  b  j 

cells  [Klosc  and  Ueiclcn- 
Tiain).  [In  a  vertical 
section  of  the  small  in- 
testine they  lie  at  the 
base  of  the  villi  (fig. 
198).  In  transverse  section  they 
are  shown  in  fig.  200.] 

II.  The  Secretion  of 
Lieberkuhn's  Glands,  from 
the  duodenum  onwards,  is 
the  chief  source  of  the  in- 
testinal juice. 

Intestinal  Fistula. — The  in- 
testinal juice  is  obtained  by 
making  aThiry's  Fistula  (1864). 
A  loop  of  the  intestine  of  a  dog 
is  pulled  forward  (fig.  201,  1), 
and  a  piece  about  4  inches  in 
length  is  cut  out,  so  that  the 
continuity  of  the  intestinal  tube 
is  broken,  but  the  mesentery  and 
its  blood-vessels  are  not  divided. 
One  end  of  this  tube  is  closed, 
and  the  other  end  is  left  open 
and  stitched  to  the  abdominal 
wall  (fig.  201,  3).  The  two  ends 
of  the  intestine,  from  which  this 
piece  was  taken,  are  brought  to- 
gether with  sutures,  so  as  to 
establish  the  continuity  of  the 
intestinal  canal  (fig.  201, 2).  The 
excised  piece  of  intestine  yields  a 
.secretion  which  is  uncontamiiiatcd 
with  any  other  digeetive  secre- 
tion. [Thiry's  method  is  very 
unsatisfactory,  as  judged  from 
the  action  of  the  separated  loop 
in  relation  to  medicaments,  prob- 
ably owing  to  its  mucous  membrane  becoming 
tion.] 

[Meade  Smith  makes  a  small  opening  in  the  intestine,  through  which  he  introduces  two 
small  collapsed  india-rubber  balls,  one  above  and  the  other  below  the  opening,  which  are  then 
distended  by  inflation  until  they  completely  block  a  certain  length  of  the  intestine.  The  loop 
thus  blocked  off,  having  been  previously  well  washed  out,  is  allowed  to  become  filled  with 
succus,  which  is  secreted  on  the  application  of  various  stimuli.  By  means  of  Bernard's 
gastric  cannula  (§  165)  inserted  into  the  fistula  in  the  looji,  the  .secretion  can  be  removed  when 
desired.] 

[Vella's  Fistula. — Open  the  belly  of  a  dog,  and  pull  out  a  loop  (30  to  50  ctm.)  [1  to  \\  feet] 
of  small  intestine,  and  ligature  it ;  divide  it  above  and  below,  re-establish  the  continuity  of  the 
rest  of  the  intestine.    Stitch  lioth  ends  of  the  loop  of  intestine  into  the  wound  in  the  linea  alba 


Fig.  199. 

Lieberkiihn's 
gland  from 
the  large  in- 
testine (dog). 


Fig.  201. 

Scheme  of  Thiry's  fistula 
Vella's  Fistula, 
together  ;  Ahd, 
{Stirling). 

atrophied  from  disuse,  or  injured  by  inflamma- 


1,  2,  3,  4, 
AA'  are  stitched 
Abdominal  wall 
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<fig.  201,  4),  so  that  there  is  a  loop  of  intestine  supplied  by  its  blood-vessels  and  nerves,  isolated 
ami  with  an  upper  and  lower  aperture.] 

The  intestinal  juice  of  such  fistulas  flows  spontaneously  in  very  small  amount, 
and  is  increased  during  digestion ;  it  is  increased — especially  its  mucus — by 
mechanical,  chemical,  and  electrical  stimuli ;  at  the  same  time,  the  mucous 
membrane  becomes  red,  so  that  100  centimetres  yield  13  to  18  grammes  of  this 
juice  in  an  hour  (Tldry).  The  juice  is  light  yellow,  opalescent,  thin,  strongly 
alkaline,  specific  gravity  1011,  evolves  COg  when  an  acid  is  added;  it  contains 
albumin,  ferments,  and  mucin — especially  the  juice  of  the  large  intestine.  Its 
composition  is — water,  97"59;  proteids,  0'80;  other  organic  substances  =  0*7 3;  salts, 
0'88  per  cent. ;  amongst  these — sodium  carbonate,  0'32  to  0"34  per  cent. 

[The  intestinal  juice  obtained  by  Meade  Smith's  method  contained  only  0'39  per  cent,  of 
organic  matter,  and  in  this  respect  agreed  closely  with  the  juice  which  A.  Moreau  procured  by 
dividing  the  mesenteric  nerves  of  a  ligatured  loop  of  intestine.  The  secretion  of  the  large 
intestine  is  much  more  viscid  than  that  of  the  small  intestine.] 

Actions  of  Succus  Entericus. — It  is  most  active  in  the  dog,  and  in  other  animals 
it  is  more  or  less  inactive. 

(1)  It  is  less  diastatic  than  the  saliva  and  the  pancreatic  juice,  but  it  does  not 
form  maltose ;  while  the  juice  of  the  large  intestine  does  not  possess  this  property 
{Eiclihorst). 

(2)  It  converts  maltose  into  grape-sugar.  It  seems,  therefore,  to  continue  the 
diastatic  action  of  saliva  (§  148)  and  pancreatic  juice  (§  170),  which  usually  form  only 
maltose. 

According  to  Bourquelot  this  action  is  due  to  the  intestinal  schizomycetes  and  not  to  the 
intestinal  juice  as  such,  the  saliva,  gastric  juice,  or  invertin.  "  The  greater  part  of  the  maltose 
appears,  however,  to  be  absorbed  unchanged. 

(3)  Fibrin  is  slowly  (by  the  trypsin  and  pef  j — Kiihne)  peptonised  {Thiry, 
Leuhe) ;  less  easily  albumin  (Maslof),  fresh  casein,  flesh  raw  or  cooked, 
vegetable  albumin ;  probably  gelatin  also  is  changed  by  a  special  ferment  into  a 
solution  which  does  not  gelatinise  {Eichhorst). 

(4)  Fats  are  only  partly  emulsionised  (Sckif),  and  afterwards  decomposed 
(  Vella). 

(5)  According  to  CI.  Bernard,  invertin  occurs  in  intestinal  juice  (this  ferment 
can  also  be  extracted  from  yeast).  It  causes  cane-sugar  (Cj2ll2oO^;^)  to  take  up 
water  (  +  H^O),  and  converts  it  into  invert-sugar,  which  is  a  mixture  of  left  rotating 
sugar  (lpevulose,_C6Hi206)  and  of  grape-sugar  (dextrose,  CgHi20J.  Heat  seems  to 
be  absorbed  during  the  process. 

[Hoppe-Seyler  has  suggested  that  this  ferment  is  not  a  natural  product  of  the  body,  but  is 
introduced  from  without  with  the  food.  Matthew  Hay,  however,  finds  it  to  be  invariably  present 
in  the  small  intestine  of  the  fcetus.] 

[Effect  of  Drags.— The  subcutaneous  injection  of  pilocarpin  causes  the  mucous  membrane  of 
a  Vella's  fistula  to  be  congested,  when  a  strongly  alkaline,  opalescent,  watery,  and  slightly  albu- 
minous secretion  is  obtained.  This  secretion  produces  a  reducing  sugar,  converts  cane-sufrar 
into  invert-sugar,  emulsifies  neutral  fats,  ultimately  splitting  them  up,  peptonises  proteids,  aiid 
coagulates  milk,  even  although  the  milk  be  alkaline.  The  juice  attacks  the  sarcous  substance 
of  muscle  before  the  connective-tissues— the  reverse  of  the  gastric-juice.  The  mucous  mem- 
brane in  a  Vella's  fistula  does  not  atrophy.  K.  B.  Lehmann  finds  that  the  succus  entericus 
obtained  from  the  intestine  of  a  goat  by  a  Yella  fistula  has  no  digestive  action.] 

The  Action  of  Nerves  on  the  secretion  of  the  intestinal  juice  is  not  well  determined.  Section 
or  stimulation  of  the  vagi  has  no  apparent  effect ;  while  extirpation  of  the  large  sympathetic 
abdommal  ganglia  causes  the  intestinal  canal  to  be  filled  with  a  watery  fluid,  and  o-'ives  rise  to 
diarrhrea.  This  may  be  explained  by  the  paralysis  of  the  vaso-motor  nerves,  and'also  by  the 
section  of  large  lymphatic  vessels  during  the  operation,  whereby  absorption  is  interfered  with 
and  transudation  is  favoured.  Moreau's  Experiment. —Moreau  placed  four  licratures  on  a  loop 
of  intestine  at  equal  distances  from  each  other  (fig.  202).  The  ligatures  were  tied  so  that  three 
loops  of  intestine  were  shut  ofi".  The  nerves  (N)  to  the  middle  loop  were  divided  and  the 
intestine  was  replaced  m  the  abdominal  cavity.  After  a  time,  a  very  small  amount  of  secretion 
or  none  at  all,  was  found  m  two  of  the  ligatured  compartments  of  the  gut,  i.e.,  in  those  with 
the  nerves  and  blood-vessels  intact  (1,  3),  but  the  compartment  (2)  whose  nerves  had  been 
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Fig.  202. 


divided  contained  a  watery  secretion.  Perhaps  the  secretion  which  occurs  after  section  of  the 
mesenteric  nerves  is  a  paralytic  secretion.  The  secretion  of  the  intestinal  and  gastric  juices  is 
diminished  in  man  in  certain  nervous  affections  (hysteria,  hypo- 
chondriasis, and  various  cerebral  diseases) ;  wliile  in  other  condi- 
tions these  secretions  are  increased. 

Excretion  of  Drugs.— If  an  isolated  intestinal  fistula  be  made, 
and  various  drugs  administered,  the  mucous  membrane  excretes 
iodine,  bromine,  lithium,  sulphocyanides,  but  not  potassium  ferro- 
cyanide,  arsenious  or  boracic  acid,  or  iron  salts. 

In  sucklings,  not  unfrequently  a  large  amount  of  acid  is  formed, 
when  the  fungi  in  the  intestine  split  up  milk-sugar  or  grape-sugar 
into  lactic  acid  {Leuhe).  Starch  changed  into  grape-sugar  inay 
undergo  the  same  abnormal  i^rocess  ;  hence,  infants  ought  not  to 
be  fed  with  starchy  food. 

[Fate  of  the  Ferments. —Langley  is  of  opinion  that  the  digestive  Scheme  of  Moreau's  experi- 
ferments  are  destroyed  in  the  intestinal  canal  ;  the  diastatic  fer-  mcnt  [Stirhng). 

ment  of  saliva  is  destroyed  by  the  free  HCl  of  the  gastric  juice  ;  pepsin  and  rennet  are  acted 
upon  by  the  alkaline  salts  of  the  pancreatic  and  intestinal  juices,  and  by  trypsin  ;  while  the 
diastatic  and  peptic  ferments  of  the  pancreas  disappear  under  the  influence  of  the  acid  fermenta- 
tion in  the  large  intestine.] 

184.  FERMENTATION  IN  THE  INTESTINE.— Those  processes,  which 
are  to  be  regarded  as  fermentations  or  putrefactive  processes,  are  quite  different  from 
those  caused  by  the  digestive  enzymes  or  ferments  just  considered.  The  putre- 
factive changes  are  connected  with  the  presence  of  lower  organisms,  so-called 
fermentation-  or  putrefaction-producers  :  and  they  may  develop  in  suitable  media 
outside  the  body.  The  lowly  organisms  which  cause  the  intestinal  fermentation 
are  swallowed  with  the  food  and  drink,  and  also  with  the  saliva.  When  they 
are  introduced,  fermentation  and  putrefaction  begin,  and  gases  are  evolved. 

Intestinal  Gases. — During  the  whole  of  the  fojtal  period,  until  birth,  fermenta- 
tion cannot  occur  ;  hence  gases  are  never  present  in  the  intestine  of  the  newly-born. 
The  first  air-bubbles  pass  into  the  intestine  with  the  saliva  which  is  swallowed,  even 
before  food  has  been  taken.  The  germs  of  organisms  are  thus  introduced  into  the 
intestine,  and  give  rise  to  the  formation  of  gases.  The  evolution  of  intestinal 
gases  goes  hand-in-hand  with  the  fermentations.  Air  is  also  swallowed,  and  an 
exchange  of  gases  take  place  in  the  intestine,  so  that  the  composition  of  the  in- 
testinal gases  depends  upon  various  conditions.  Kolbe  and  Ruge  collected  the  gases 
from  the  anus  of  a  man,  and  fo.und  in  100  vols.  : — 


Food. 

CO2. 

H. 

CH4. 

N. 

iioS. 

Milk, 

Flesh, 

Peas, 

16-8 
12-4 
21-0 

43-3 
2-1 
4-0 

0-9 
27-5 
55-9 

38-3 
57-8 
18-9 

Quantity  not 
estimated. 

1.  Air-bubbles  are  swallowed  with  the  food.  The  O  is  rapidly  absorbed  in  the 
intestinal  tract,  so  that  in  the  lower  part  of  the  large  intestine,  even  traces 
of  O  are  absent.  In  exchange,  the  blood-vessels  in  the  intestinal  wall  give  off  CO^ 
into  the  intestine,  so  that  part  of  the  COg  in  the  intestine  is  derived  by  diffusion 
from  the  blood. 

2.  H,  C0._,,NH3,  and  CH^  are  also  formed  from  the  intestinal  contents  by 
fermentation,  which  takes  place  even  in  the  small  intestine. 

Fungi. — The  chief  agents  in  the  production  of  fermentations,  putrefaction,  and  other  similar 
decompositions  are  undoubtedly  the  group  of  fungi  called  schizomycetes.  They  are  small  uni- 
cellular organisms  of  various  forms — globular,  micrococcus;  short  rods,  bacterium;  long  rods, 
bacUIus  ;  or  spiral  threads,  vibrio,  spirillum,  spirochasta  (fig.  23).  The  mode  of  reiiroduction 
is  by  division,  and  they  may  either  remain  single  or  unite  to  form  colonies.  Each  organism  is 
usually  capable  of  some  degree  of  motion.  They  produce  profound  chemical  changes  in  the 
fluids  or  media  in  which  they  grow  and  multiply,  and  these  changes  depend  upon  the  vital 
activity  of  their  protoplasm.  '  These  minute  microscoinc  organisms  take  certain  constituents 
from  the  "nutrient  fluids  "  in  which  they  live,  and  use  them  partly  for  building  up  their  own 
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tissues  and  partly  for  their  own  metabolism.  In  these  processes,  some  of  the  substances  so 
absorbed  and  assimilated  undergo  chemical  changes,  som e/c?'mc«<s  seem  thereby  to  be  produced, 
which  in  thoir  turn  may  act  upon  material  present  in  the  nutritive  fluid. 

These  fungi  consist  of  a  capsule  enclosing  protoplasmic  contents.  Many  of  them  are  provided 
with  excessively  delicate  cilia,  by  means  of  Mhich  tliey  move  about.  The  new  organisms, 
produced  by  the  division  of  pre-existing  ones,  sometimes  form  large  colonies  visible  to  the  naked 
eye,  the  individual  fungi  being  united  by  a  jelly-like  mass,  the  whole  constituting  zoogloea. 
In  some  fungi,  reproduction  takes  place  by  spores  ;  more  especially  when  the  nutrient  fluids  are 
poor  in  nutritive  materials.  The  bacteria  form  longer  rods  or  threads,  which  are  jointed,  and 
in  each  joint  or  segment  small  (1-2  ^)  highly  refractive  globules  or  spores  are  developed  (fig. 
203,  7).  In  some  cases,  as  in  the  butyric  acid  fermentation,  the  rods  become  fusiform  before 
s^iores  are  formed.  When  the  envelope  of  the  mother-cell  is  ruptured  or  destroyed,  the  spores 
are  liberated,  and  if  they  fall  upon  or  into  a  suitable  medium,  they  germinate  and  reproduce 
organisms  similar  to  those  from  which  they  sprang.  The  process  of  spore-production  is 
illustrated  in  fig.  203,  7,  8,  9,  and  in  1,  2,  3,  4  is  shown  the  process  of  germination  in  the 
butyric  acid  fungus.  The  spores  are  very  tenacious  of  life  ;  they  may  be  dried,  when  they 
resist  death  for  a  very  long  time  ;  some  of  them  are  killed  by  being  boiled.  Some  fungi  exhibit 
their  vital  activities  only  in  the  presence  of  0  (aerobes),  while  others  require  the  exclusion  of  O 
(anasrobes,  Pasteur).  According  to  the  products  of  their  action,  they  are  classified  as  follows  : — 
Those  that  produce  fcrvtentations  (zymogenic  schizomycetes)  ;  those  that  produce  p'^/'ie^i^*' 
(chromogenic)  ;  those  that  produce  disagreeable  odours,  as  during  putrefaction  (bromogenic) ; 

^  and  those  that,  when  introduced 
into  the  living  tissues  of  other 
organisms,  produce  iMtlwlorjical 
conditions,  and  even  death 
(pathogenic).  All  these  dif- 
ferent kinds  occur  in  the  human 
body. 

When  we  consider  that  num- 
erous fungi  are  introduced  into 
the  intestinal  canal  with  the 
food  and  drink — that  the  tem- 
perature and  other  couditious 
within  this  tube  are  specially 
favourable  for  their  develop- 
ment; that  there  also  they  meet 
with  suflBcieut  pabulum  for 
their  development  and  repro- 
duction— we  cannot  wonder 
that  a  rich  crop  of  these  organ- 
isms is  met  with  in  the  intes- 
tine, and  that  they  produce 
there  numerous  fermentations. 

I.  Fermentation  of  Car- 
/7  8  Q>  f     V       bohydrates.  —  (1)  Bacil- 

(7,  8.  9)  formation  of        ^^^^^  lactici  consists  of 

biscuit-shaped  cells,  1 -5-3 /X 
in  length,  arranged  ni  groups  or  isolated.  They  split  up  grape-sugar  into  lactic 
acid ; 

1  grape-sugar  =  C^Hi20,;  =  2(C3H(;03)  =  2  lactic  acid. 

Milk-sugar  (CjallggOi,)  can  be  split  up  by  the  same  ferment  causing  it  to  take  up 
H2O,  and  forming  2  molecules  of  grape-sugar,  '2.{C^U^^0^\  which  are  again  split 
into  4  molecules  of  lactic  acid  4(C3Hg03). 

This  fungus  and  its  spores  occur  everywhere  in  the  atmosphere,  and  are  the  cause  of  the  snon 
taneous  acidification  and  subsequent  coagulation  of  milk  (§  230). 

(2)  Bacillus  butyricus,  wdiich  in  the  presence  of  starch  is  ofteu  coloured  blue 
by  lodme,  changes  lactic  acid  into  butyric  acid,  together  with  COo  and  H  (Pra>- 
imtvsH).  "  \  ~ 

(  ^4Hs03  =  1  butyric  acid. 
^(CgHoOa)  lactic  acid=  -j   2(00,)  =2  carbon  dioxide. 

(        4H  =  4  hydrogen. 


A,  Bacterium  aceti  in  the  form  of— cocci  (1)  ;  diplococci  (2); 
short  rods  (3) ;  and  jointed  threads  (4,  5).  Bacillus  hutyricus 
—(1)  isolated  spore  ;  (2,  3,  4)  germinating  condition  of  the 
spores  ;  (5,  6)  short  and  long  rods 
spores  within  a  cellular  fungus. 
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This  fungus  (fig,  203,  B)  is  a  true  anserobe,  aud  grows  only  in  the  absence  of  0.  The  lactic  acid 
fungus  uses  0  very  largely,  and  is,  therefore,  its  natural  precursor.  The  butyric  acid  fernientu- 
tion  is  the  last  change  undergone  by  many  carbohydrates,  especially  by  starch  and  inulin.  It 
takes  place  constantly  in  the  fa?ces. 

(3)  Certain  micrococci  cause  alcohol  to  be  formed  from  carbohydrates.  The 
presence  of  yeast  may  cause  the  formation  of  alcohol  in  the  intestine,  and  in  botli 
cases  also  from  milk-sugar,  which  first  becomes  changed  into  dextrose. 

(4)  Bacterium  aceti  (fig.  203,  A)  converts  alcohol  into  acetic  acid  outside  the  body.  Alcohol 
(CoHgO)  -1-  0  =  C0H4O  ( Aldehyd)  +  H.^.  Acetic  acid  (CH/J.,)  is  formed  from  aldehyd  by  oxida- 
tion. According  to  Nageli,  the  same  fungus  causes  the'forniation'of  a  small  amount  of  COo  and 
H3O.  As  the  acetic  fermentation  is  arrested  at  35°  C,  this  fermentation  cannot  occur  in  tlie 
intestine,  and  the  acetic  acid,  which  is  constantly  found  in  the  fa;ces,  must  be  derived  from 
another  source.  During  putrefaction  of  the  proteids,  with  exclusion  of  air,  acetic  acid  is 
produced  {Ncncki). 

(5)  Starch  and  cellulose  are  partly  dissolved  by  the  schizomycetes  (Bac.  butyricus 
and  Vibrio  rugula)  of  the  intestine.  If  cellulose  be  mixed  with  cloacal-mucus, 
or  with  the  contents  of  the  intestine,  it  passes  into  a  saccharine  carbohydrate  which 
decomposes  into  equal  volumes  of  CO.,  and  CH^  {HoppeSeyler). 

(6)  Fungi,  whose  nature  is  unknown,  can  partly  transform  starch  (1  and 
cellulose)  into  sugar. 

(7)  Others  produce  invertin.  Invertin  changes  cane-sugar  into  invert-sugar 
(§  183,  II.,  5).  Cane-sugar,  C^.^Hg^Cn H2O  =  C^jH^Po  (Dextrose)  +C6Hi20^ 
(Lsevulose). 

II.  Fermentation  of  Fats 
unknown  nature  cause  neutral 
their  corresponding 
fatty  acid  (§  170). 
Glycerine  is  cap- 
able of  undergoing  Q 
several  fermenta- 
tions, according  to  t 
the  fungus  which 
acts  upon  it  (§  251). 
With  a  neutral  re- 
action, in  addition 
to  succinic  acid,  a 

number    of    ^^^^y  Bacilhts  suhtilis.    1,  spore  ;  2,  3,  4,      ^  ... 
acids,  H  and  COg,      7,  jointed  thread,  with  the  formation  of  spores  in  each  segment  ;  8, 
are  formed.  '       short  rods,  some  of  them  containing  spores  ;  9,  spores  in  single  short 


(§  251). — During  putrefaction,  organisms  of  an 
fats  to  take  up  water  and  split  into  glycerine  and 
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Fig.  204. 


its  germination 


.''),  6,  short  rods  ; 


Fitz  found  that  the 


rods  ;  10  fungus  with  a  cilium. 


half-bacillus  (Bacillus  subtilis,  fig.  204)  formed  alcohol  with  caproic,  butyric,  and  acetic  acids  ; 
in  other  cases,  especially  butylic  alcohol,  van  de  Velde  found  butyric,  lactic,  and  traces  of  suc- 
cinic acid  with  COo,  HoO,  N. 

The  fatty  acids,  especially  as  chalk  soaps,  form  an  excellent  material  for 
fermentation.  Calcium  formiate  mixed  with  cloacal-mucus  ferments  and  yields 
calcium  carbonate,  CO2  and  H;  calcium  acetate,  under  the  same  conditions, 
produces  calcium  carbonate,  CO^  and  CH^.  Amongst  the  oxy-acids,  we  are 
acquainted  with  the  fermentations  of  lactic,  glycerinic,  malic,  tartaric,  and  citric 
acids. 

According  to  Fitz,  ladic  acid  (in  combination  with  chalk)  produces  propionic  and  acetic 
acids  COo,  HoO.  Other  ferments  cause  the  formation  of  valerianic  acid.  Glyccrmic  acid,  m 
addition  to  alcohol  and  succinic  acid,  yields  chiefly  acetic  acid  ;  inalic  acid  forms  succinic  and 
acetic  acid.    The  other  acids  above  enumerated  yield  somewhat  similar  products. 

III.  Fermentation  of  Proteids  (§  249).— The  undigested  proteids  and  their 
derivatives  appear  to  be  acted  upon  by  fungi.  Many  schizomycetes  (hay  bacillus 
and  Bac.  subtilis),  however,  can  produce  a  peptonising  ferment.    We  have  already 
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seen  that  pancreatic  digestion  acts  upon  the  proteids,  forming,  among  other 
products,  amido-acids,  leucin,  tyrosin,  and  other  bodies  (§  170,  II.).  Under  normal 
conditions,  this  is  the  greatest  decomposition  produced  by  the  pancreatic  juice. 
The  putrefactive  fermentation  of  the  large  intestine  causes  further  and  more 
profound  decompositions.  Leucin  (CoH^gNOa)  takes  up  two  molecules  of  water 
and  yields  valerianic  acid  (C^HjoOa),  ammonia,  CO.,  and  2(H2)  J  glycin  behaves 
in  a  similar  manner.  Tyrosin  (C9H11NO3)  is  decomposed  into  indol  (CsH.N), 
which  is  constantly  present  in  the  intestine  along  with  C02,H20,H.  If  O  be 
present,  other  decompositions  take  place.  These  putrefactive  products  are  abssent 
from  the  intestinal  canal  of  the  foetus  and  the  newly-born.  During  the  putre- 
factive decomposition  of  proteids,  COg,  H2S,  H,  and  CH^,  are  formed ;  the  same 
result  is  obtained  by  boiling  them  with  alkalies.  Gelatin,  under  the  same  con- 
ditions, yields  much  leucin  and  ammonia,  COg,  acetic,  butyric,  and  valerianic 
acids,  and  glycin.  Mucin  and  nuclein  undergo  no  change.  Artificial  pancreatic 
digestion-experiments  rapidly  tend  to  undergo  putrefaction. 

The  substance  which  causes  the  peculiar  faecal  odour  is  produced  by  putrefaction,  but  its 
nature  is  not  known.  It  clings  so  firmly  to  indol  and  skatol  that  these  substances  were 
formerly  regarded  as  the  odorous  bodies,  but  when  they  are  prepared  pure  they  are  odourless 
{Bayer). 

Amongst  the  solid  substances  in  the  large  intestine  formed  only  hy  2')utrefaction 
is  indol  (CgHwN),  a  substance  which  is  also  formed  when  proteids  are  heated  with 
alkalies,  or  by  superheating  them  with  water  to  200°  C.  It  is  the  stage  preceding 
the  indican  in  the  urine.  If  the  products  of  the  digestion  of  the  proteids — the 
peptones — are  rapidly  absorbed,  there  is  only  a  slight  formation  of  indol;  but 
when  absorption  is  slight,  and  putrefaction  of  the  products  of  pancreatic  digestion 
occurs,  much  indol  is  formed,  and  indican  appears  in  the  urine. 

Jaffe  found  much  indican  in  the  urine  in  strangulated  hernia,  and  when  the  small  intestine 
was  obstructed. 

Reactions  for  Indol. — Acidulate  strongly  with  HCl,  and  shake  vigorously  after  adding  a  few 
drops  of  turpentine.  If  there  be  an  intense  red  colour,  the  jiigment  is  removed  by  ether. 
The  substance  which  is  formed  after  the  digestion  of  fibrin  by  trypsin,  and  which  gives  a  violet 
colour  with  bromine  water  (§  170,  2),  can  be  removed  by  chloroform.  In  addition  to  the  last 
pigment,  there  is  a  second  one,  wliich  passes  over  during  distillation,  and  which  can  be  extracted 
from  the  distillate  by  ether.    Both  substances  seem  to  belong  to  the  indigo  group  {Krukcnberg). 

A.  Bayer  prepared  indigo-blue  artificially  from  ortho-phenyl-propionic  acid,  by  boiling  it 
with  dilute  caustic  soda,  after  the  addition  of  a  little  grape-sugar.  He  obtained  indol  and 
skatol  from  indigo-blue.  Hoppe-Seyler  found  that  on  feeding  rabbits  with  ortho-nitroj^henyl- 
propionic  acid,  much  indican  was  present  in  the  urine. 

Phenol  (CgHjjO)  is  formed  during  putrefaction  in  the  intestine,  and  it  is  also 
formed  when  fibrin  and  pancreatic  juice  putrefy  outside  the  body,  while  Brieger 
found  it  constantly  in  the  fteces.  It  seems  to  be  increased  by  the  same  circum- 
stances that  increase  indol,  as  an  excess  of  indican  in  the  urine  is  accompanied  by 
an  increase  of  phenylsulphonic  acid  in  that  fluid  (§  262). 

From  putrefying  flesh  and  fibrin,  amido-phenylpropionic  acid  is  obtained,  as  a  decomposition- 
product  of  tryrosin.  A  part  of  this  is  transformed  by  putrefactive  ferments  into  hydrocinnamic 
acid  (phenylpropionic  acid).  The  latter  is  completely  oxidised  in  the  boJy  into  "benzoic  acid, 
and  appears  as  hippuric  acid  in  the  urine.  Thus  is  explained  the  formation  of  liippuric  acid 
from  a  purely  albuminous  diet. 

Skatol  (CgHgN  =  methylindol)  is  a  constant  human  ftecal  substance,  and  has 
been  prepared  artificially  by  Nencki  and  Secretan  from  egg-albumin,  by  allowing 
it  to  putrefy  for  a  long  time  under  water.  It  also  appears  in  the  urine  as  a 
sulphur  compound.  The  excretin  of  human  faeces,  described  by  Marcet,  is 
related  to  cholesterin,  but  its  history  and  constitution  are  unknown. 

According  to  Salkowski,  skatol  and  indol  are  both  formed  from  a  common  substance  which 
exists  preformed  in  albumin,  and  which,  when  it  is  decomposed,  at  one  time  yields  more  indol, 
at  another  skatol,  according  as  the  hypothetical  indol -fimgus,"  or  "  skatol-fungtis,"  is  the 
more  abundant. 
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It  is  of  the  utmost  importance,  in  connection  with  the  processes  of  putrefaction, 
to  determine  whether  they  take  place  when  oxygen  is  exchicled,  or  not.  When  O 
is  absent,  reductions  take  place ;  oxy-acids  are  reduced  to  fatty  acids,  and  HjCH^ 
and  H08  are  formed  ;  while  the  H  may  produce  further  reductions.  If  O  be 
present,  the  nascent  H  separates  the  molecule  of  free  ordinary  oxygen  ( =  O.,)  into 
two  atoms  of  active  oxygen  ( =  O).  Water  is  formed  on  the  one  hand,  while  the 
second  atom  of  O  is  a  powerful  oxidising  agent  {Hopj^e-Seyler). 

It  is  remarkable  that  the  putrefactive  processes,  after  tlie  development  of  phenol,  indol, 
skatol,  cresol,  plienylpropionic  and  phenylacetic  acids  are  subsequently  limited,  and  after  a 
i^ertain  concentration  is  reached,  they  cease  altogether.  The  putrefactive  process  produces 
antiseptic  substances  which  kill  the  micro-organisms,  so  we  may  assume  that  these  substances 
limit  to  a  certain  extent  the  putrefactive  processes  in  the  intestine. 

The  reaction  of  the  intestine  immediately  below  the  stomach  is  acid,  but  the 
pancreatic  and  intestinal  juices  cause  a  neutral  and  afterwards  an  alkaline  reaction, 
which  obtains  along  the  whole  small  intestine.  In  the  large  intestine,  the  reaction 
is  generally  acid,  on  account  of  the  acid  fermentation  and  the  decomposition  of 
the  ingesta  and  the  f;eces. 

185.  PROCESSES  IN  THE  LARGE  INTESTINE.— Within  the  large  in- 
testine, the  fermentative  and  putrefactive  processes  are  certainly  more  prominent 
than  the  digestive  processes  proper,  as  only  a  very  small  amount  of  the  intestinal 
juice  is  found  in  it.  The  absorptive  function  of  the  large  intestine  is  greater  than 
its  secretory  function,  for  at  the  beginning  of  the  colon  its  contents  are  thin  and 
watery,  but  in  the  further  course  of  the  intestine  they  become  more  solid.  Water  and 
the  products  of  digestion  in  the  solution  are  not  the  only  substances  absorbed,  but 
under  certain  circumstances,  unchanged  fluid  egg-albumin,  milk  and  its  proteids, 
flesh-juice,  solution  of  gelatin,  myosin  with  common  salt,  may  also  be  absorbed. 
Experiments  with  acid-albumin,  syntonin,  or  blood-serum  gave  no  result.  Toxic 
substances  are  certainly  absorbed  more  rapidly  than  from  the  stomach.  [In  the 
dog  the  secretion  of  the  large  intestine  has  no  digestive  properties,  but  fats  are 
absorbed  in  it.  Klug  and  Koreck  regard  its  Lieberkiihnian  glands  not  as  secreting- 
but  as  absorbing-structures.]  The  ftecal  matters  ?ive  formed  or  rather  shaped  in 
the  lower  part  of  the  gut.  The  ca3cum  of  many  animals,  e.g.,  rabbit,  is  of  consider- 
able size,  and  in  it  fermentation  seems  to  occur  with  considerable  energy,  giving 
rise  to  an  acid-reaction.  In  man,  the  chief  function  of  the  caecum  is  absorption, 
as  is  shown  by  the  great  number  of  lymphatics  in  its  walls.  From  the  lower  part 
of  the  small  intestine  and  the  csecum  onwards,  the  ingesta  assume  the  fcBcal  odour. 

The  amount  of  faeces  is  about  [5  oz.  or]  170  grms.  (60  to  2-50  grms.)  in  twenty- 
four  hours ;  but  if  much  indigestible  food  be  taken,  it  may  be  as  much  as 
500  grms.  The  amount  is  less,  and  the  absolute  amount  of  solids  is  less,  after 
a  diet  of  flesh  and  albumin,  than  after  a  vegetable  diet.  The  fjeces  are  rendered 
lighter  by  the  evolution  of  gases,  and  hence  they  float  in  water. 

The  consistence  depends  on  the  amount  of  water  present — usually  about  75  per 
cent.  The  amount  of  water  depends  partly  on  the  food — pure  flesh  diet  causes 
relatively  dry  freces,  while  substances  rich  in  sugar  yield  faeces  with  a  relatively 
large  amount  of  water.  The  quantity  of  water  taken  has  no  effect  upon  the  amount 
of  water  in  the  freces.  But  the  energy  of  the  peristalsis  has.  The  more  energetic  the 
peristalsis  is,  the  more  watery  the  faeces  are,  because  sufficient  time  is  not  allowed 
for  absorption  of  the  "fluid  from  the  ingesta.  Paralysis  of  the  blood-  and  lymph- 
vessels,  or  section  of  the  nerves,  leads  to  a  watery  condition  of  the  ficces  (§  183). 

The  reaction  is  often  acid,  in  consequence  of  lactic  acid  being  developed  from  the 
carbohydrates  of  the  food.  Numerous  other  acids  produced  by  putrefaction  are 
also  present  (§  184).  If  much  ammonia  be  formed  in  the  lower  part  of  the  intestine, 
a  neutral  or  even  alkaline  reaction  may  obtain.  A  copious  secretion  of  mucus 
favours  the  occurrence  of  a  neutral  reaction. 
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The  odour,  which  is  stronger  after  a  flesh  diet  than  after  a  vegetable  diet,  is 
caused  by  some  fa?cal  products  of  putrefaction,  which  have  not  yet  been  isolated  ; 
also  by  volatile  fatty  acids  and  by  sulphuretted  hydrogen,  when  it  is  present. 

The  colour  of  the  fteces  depends  upon  the  amount  of  altered  bile-pigments 
mixed  with  them,  whereby  a  bright  yellow  to  a  dark  brown  colour  is  obtained. 

The  colour  of  the  food  is  also  of  importance.  If  much  blood  be  present  in  the  food,  the 
fajces  are  almost  brownish-black  from  haimatin  ;  green  vegetables  =  brownish-green  from 
chlorophyll  ;  bones  (dog)  =  white  from  the  amount  of  lime  ;  preparations  of  iron  =  black  from 
the  formation  of  sulphide  of  iron. 

The  faeces  contain — 

(1)  The  unchanged  residue  of  animal  or  vegetable  tissues  used  as  food ;  hairs, 
horny  and  elastic  tissues;  most  of  the  cellulose,  woody  fibres,  spiral  vessels  of 
vegetable  cells,  gums. 

(2)  Portions  of  digestible  substances,  especially  w^hen  these  have  been  taken  in 
too  large  amount,  or  when  they  have  not  been  sufficiently  broken  up  by  chewing. 
Portions  of  muscvilar  fibres,  ham,  tendon,  cartilage,  particles  of  fat,  coagulated 
albumin— vegetable  cells  from  potatoes,  and  Other  vegetables,  raw  starch,  &c. 

All  food  yields  a  certain  amount  of  residue — white  bread,  37  per  cent.;  rice,  4'1  per  cent.  ; 
flesh,  47  per  cent. ;  potatoes,  9-4  per  cent. ;  cabbage,  14-9  per  cent,  ;  black  bread,  15  per  cent.  ; 
yellow  turnip,  207  per  cent.  (Eubiier). 

(3)  The  decomposition-products  of  the  bile-pigments,  which  do  not  now  give 
Gmelin's  reaction  ;  as  well  as  the  altered  bile-acids  (§  177,  2).  This  reaction, 
however,  may  be  obtained  in  pathological  stools,  especially  in  those  of  a  green 
colour ;  unaltered  bilirubin,  biliverdin,  glycocholic  and  taurocholic  acids  occur 
in  meconium  (§  182). 

[MacMunn  found  no  unchanged  bile-pigments  in  the  fajces.  A  substance  called  stercobilin  is 
obtained  from  the  faeces,  and  it  closely  resembles  what  has  been  called  "  febrile"  urobilin,  but 
it  is  certainly  diilerent  from  normal  urobilin.] 

(4)  Unchanged  mucin  and  nuclein — the  latter  occasionally  after  a  diet  of  bread, 
together  with  partially  disintegrated  cylindrical  epithelium  from  the  intestinal 
canal,  and  occasionally  drops  of  oil.  Cholesterin  is  very  rare.  [Ten  grains  of  a 
substance,  stercorin,  said  to  be  a  modification  of  cholesterin,  occur  in  the  fasces, 
(Flint).]  The  less  the  mucus  is  mixed  with  the  faeces,  the  lower  the  part  of  the 
intestine  from  which  it  was  derived  {Nothnar/el). 

(•5)  After  a  milk  diet,  and  also  after  a  fatty  diet,  crystalline  needles  of  lime  com- 
bined with  fatty  acids  and  chalk  soaps  constantly  occur,  even  in  sucklings  ( Weg- 
scheider).  Even  unchanged  masses  of  casein  and  fat  occur  during  the  milk  cure. 
Compounds  of  ammonia,  w4th  the  acids  mentioned  as  the  result  of  putrefaction 
(§  184,  III.),  belong  to  the  ftecal  matters  {Brieger). 

(6)  Amongst  morganic  residues,  soluble  salts  rarely  occur  in  the  faeces  because 
they  diffuse  readily,  e.g.,  common  salt,  and  the  other  alkaline  chlorides,  the  compounds 
of  phosphoric  acid,  and  some  of  those  of  sulphuric  acid.  The  insoluble  compounds 
of  which  ammoniaco-magnesic  or  triple  phosphate,  neutral  calcic  phosphate,  yellow 
coloured  lime  salts,  calcium  carbonate,  and  magnesium  phosphate  are  the  chief, 
form  70  per  cent,  of  the  ash.  Some  of  these  insoluble  substances  are  derived  from 
the  food,  as  lime  from  bones,  and  in  part  they  are  excreted  after  the  food  has  been 
digested,  as  ashes  are  eliminated  from  food  which  has  been  burned. 

Concretions. — The  excretion  of  inorganic  substances  is  sometimes  so  gi-eat,  that  they  form 
incrustations  around  other  fa?cal  matters.  Usually  ammoniaco-magnesic  phosphate  occurs  in 
large  crystals  by  itself,  or  it  may  be  mixed  with  magnesium  phosphate. 

(7)  Micro-organisms. — A  considerable  portion  of  normal  faecal  matter  consists 
of  micrococci  and  microbacteria,  yeast  is  seldom  absent  {Frericlis,  Nothnagel). 

To  isolate  the  individual  fungi,  Escherich  has  made  pure  cultivations  from  the  intestinal 
contents  of  sucklings,  and  Bienstock  from  adults.  In  the  intestine  of  sucklings  which 
have  been  nourished  entirely  on  their  mother's  milk,  the  Bactcriinn  lactis  aerogenes  (lig,  205,  2) 
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causes  the  actic  acid  fermentation  with  the  evolution  of  CO.,  and  H,  in  tlie  upper  part  of 
the  canal  where  some  milk-sugar  is  still  unabsorbed.  In  the  evacuations  is  the  characteristic 
s  tnder  Bacterium  coli  commune  (fig.  205,  1).  I„  addition,  occasionally  there  are  other  bacilli, 
cocci,  spores  of  yeast,  and  a  mould. 
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Fig.  205. 

1,  bacterium  coli  commune  ;  2,  bacterium  lactis  aerogoues  ;  3  and  4,  the  large  bacilli  of 
Uieustock^  with  partial  endogenous  spore-formation  ;  5,  the  various  staires  in  the  develoi.- 
ment  ot  the  bacillus  which  causes  the  fermentation  of  albumin. 

In  the  fffices  of  an  adult,  Bienstock  detected  two  large  forms  of  bacilli  (fig.  205,  3,  4),  closely 
resembling  Bacillus  subttlis  in  form  and  size,  but  distinguished  from  it  only  by  the  form  of 
Its  pure  cultivation,  by  the  mode  of  growth  of  its  spores,  and  by  the  absence  of  movements, 
ihese  two  torms  can  be  distinguished  microscopically  by  the  mode  of  their  cultivation,  which 
is  either  in  the  form  of  a  grape  or  a  flat  membrane.  These  two  do  not  excite  a  fermentative 
action.  A  third  micrococcus-like,  small,  very  slowly-developing  bacillus  occurs  in  three-fourths 
ot  all  stools.  A  fourth  kind  (absent  in  sucklings)  is  the  specific  bacillus  (§184,  III.),  causing 
the  decomposition  of  albumin,  resulting  in  the  products  of  putrefaction  and  a  ffecal  odoul^ 
ihis  is  the  only  bacillus  that  excites  these  processes  in  the  intestine  ;  but  it  does  not  decompose 
casein  and  alkali-albumin.  In  fig.  205,  5,  a-g,  the  stages  in  the  development  of  this  bacillus 
are  represented,  but  the  stages  from  c  and  g  are  absent  in  the  freces,  and  are  found  onlv  in 
artificial  cultivations. 

If  the  fieces  are  simply  investigated  microscopically  and  without  special  precautions,  there 
are  other  fungi,  some  of  which  may  be  introduced  through  the  anus.  In  stools  that  contain 
much  starch,  the  bacillus  butyricus,  which  is  tinged  blue  with  iodine,  occurs  (§  184),  and  other 
small  globular  or  rod-like  fungi,  which  give  a  similar  reaction  {Nothiuigel,  Uffelmann). 
_  The  changes  of  the  intestinal  contents  have  been  studied  on  persons  with  an  accidental 
intestinal  fistula,  or  an  artificial  anus. 

[Tlie  following  scheme  from  Krukenberg  shows  graphically  the  reaction  of  the  contents  of  the 
various  parts  of  the  alimentary  canal,  and  also  the  distribution  of  the  ferments.  ] 
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 - ^myloiytic  ferment  jQg_  PATHOLOGICAL   VAEIATIONS. -A.  The 

 Milk  coagulating  [erntart  taking  of  food  may  be  interfered  Avith  by  spasm  of  the 

 PBpsin  muscles  of  mastication  (usually  accompanied  by  general 

 Trypsin  spasms),  stricture  of  the  oesophagus,  by  cicatrices  after 

 Bacteria  swallowing  caustic  fluids  (e.g.,  caustic  potash,  mineral 

acids),  or  by  the  presence  of  a  tumour,  such  as  cancer. 
Inflammation  of  all  kinds  in  the  mouth  or  pharynx  interferes  with  the  taking  of  food.  Inability 
to  swallow  occurs  as  part  of  the  general  phenomena  in  disease  of  the  medulla  oblongata,  in  con- 
sequence of  paralysis  of  the  motor  centre  (superior  olives)  for  the  facial,  vagus,  and  hypoglossal 
nerves,  and  also  for  the  aflferent  or  sensory  fibres  of  the  glosso-pharyngeal,  vagus,  and  trigeminus. 
Stimulation  or  abnormal  excitation  of  these  parts  causes  spasmodic  swallowing,  and  the  disagree- 
able feeling  of  a  constriction  in  the  neck  (globus  hystericus). 

B.  The  secretion  of  saliva  is  diminished  during  inflammation  of  the  salivary  glands ;  occlu- 
sion of  their  ducts  by  concretions  (salivary  calculi) ;  also  by  the  use  of  atropin,  daturin,  and 
during  fever,  whereby  the  secretory  (not  the  vaso-motor)  fibres  of  the  chorda  appear  to  be 
paralysed  (§  145).  When  the  fever  is  very  high,  no  saliva  is  secreted.  The  saliva  secreted 
during  moderate  fever  is  turbid  and  thick,  and  usually  acid.  As  the  fever  increases,  the  dia- 
static  action  of  the  saliva  diminishes.    The  secretion  is  increased  by  stimulation  of  the  buccal 
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nerves  (iuflainniation,  ulceration,  trigeminal  neuralgia),  so  that  the  saliva  is  secreted  in  great 
quantit\^  Mercury  and  jaborandi  cause  secretion  of  saliva,  the  former  causing  stomatitis,  which 
excites  the  secretion  of  saliva  reflexly.  Even  diseases  of  the  stomach  accompanied  by  vomiting 
cause  secretion  of  saliva.  A  very  thick  tenacious  sympathetic  saliva  occurs  when  there  is  vio- 
lent stimulation  of  the  vascular  system  during  sexual  excitement,  and  also  during  certain 
psychical  conditions.  The  reaction  of  the  saliva  is  acid  in  catarrh  of  the  mouth,  in  fever  in 
consequence  of  decomposition  of  the  buccal  epithelium,  and  in  diabetes  mellitus  in  consequence 
of  acid  fermentation  of  the  saliva  which  contains  sugar.  Hence,  diabetic  persons  often  sutler 
from  carious  teeth.  Unless  the  mouth  of  an  infant  be  kept  scrupulously  clean,  the  saliva  is  apt 
to  become  acid. 

C.  Disturbances  in  the  activity  of  the  musculature  of  the  stomach  may  be  due  to  paralysis  of 
the  muscular  laj^ers,  whereby  the  stomach  becomes  distended,  and  the  ingesta  remain  a  long 
time  in  it.  A  special  form  of  paralysis  of  the  stomach  is  due  to  non-closure  of  the  pylorus 
{Ebstcin).  This  may  be  due  to  disturbances  of  innervation  of  a  central  or  [leripheral  nature, 
or  there  may  be  actual  paralysis  of  the  pyloric  sphincter,  or  anajthesia  of  the  pyloric  mucous 
membrane,  which  acts  reflexly  upon  the  sphincter  muscle  ;  aud  lastly,  it  may  be  due  to  the 
reflex  impulse  not  being  transferred  to  the  eflerent  fibre  within  the  nerve-centre.  Abnormal 
activity  of  the  gastric  musculature  hastens  the  passage  of  the  ingesta  into  the  intestine  ;  vomit- 
ing often  occurs. 

D.  Gastric  digestion  is  delayed  by  violent  bodily  or  mental  exercise,  and  sometimes  it  is  arrested 
altogether.  Sudden  mental  excitement  may  have  the  same  effect.  These  eflbrts  are  very 
probably  caused  through  the  vaso-motor  nerves  of  the  stomach.  Feeble  and  imperfect  digestion 
may  be  of  a  purely  nervous  nature  (Dyspepsia  nervosa — Leube  ;  Neurasthenia  gastrica — 
Barkart).  An  excessive  formation  of  acid  may  be  due  to  nervous  disturbance,  and  is  called 
"  nervous  gastroxynsis,"  by  Rossbach. 

[Action  of  Alcohol,  Tea,  &c.,  in  Digestion. — According  to  J.  W.  Fraser,  all  infused 
beverages,  tea,  coff"ee,  cocoa,  retard  the  peptic  digestion  of  pi  oteids,  with  few  exceptions.  The 
retarding  action  is  less  with  coffee  than  with  tea.  The  tannic  acid  and  volatile  oil  seem  to 
be  the  retarding  ingredients  in  teas.  Distilled  Spirits — brandy,  whisky,  gin — have  but  a 
trifling  retarding  effect  on  the  digestive  processes  ;  and  when  one  considers  their  action  on 
the  secretory  glands,  it  follows  that  in  moclerate  dietetic  doses  they  promote  digestion.  Wines 
are  highly  inimical  to  salivary  digestion,  but  this  is  due  to  their  acidity  ;  and  this  effect  can 
be  removed  by  the  addition  of  an  alkali.  Wines  retard  peptic  digestion,  the  sparkling  less 
than  the  still  wines.  Tea  has  an  intensely  inhibitory  action  on  salivary  digestion,  in  fact  a 
small  quantity  paralyses  the  action  of  saliva,  while  coffee  has  only  a  slight  effect.  This 
action  of  tea  is  due  to  the  tannin.  Tea,  coffee,  and  cocoa  all  retard  peptic  digestion,  when  they 
form  20  per  cent,  of  the  digestive  mixture  {W.  Rohcrts).'\ 

Inflammatory  or  catarrhal  affections  of  the  stomach,  as  well  as  ulceration  and  new  forma- 
tions, interfere  with  digestion,  and  the  same  result  is  caused  by  eating  too  much  fooil  which  is 
difficult  of  digestion,  or  taking  too  much  highly  spiced  sauce  or  alcohol.  In  the  case  of  a  dog 
suffering  from  chronic  gastric  catarrh,  Griltziier  observed  that  the  secretion  took  place  con- 
tinuously, and  that  the  gastric-juice  contained  little  pepsin,  was  turbid,  sticky,  feebly  acid,  and 
even  alkaline.  The  introduction  of  food  did  not  alter  the  secretion,  so  that  in  this  condition 
the  stomach  really  obtains  no  rest.  The  chief  cells  of  the  gastric-glands  were  turbid.  Hence, 
in  gastric  catarrh,  we  ought  to  eat  frequently,  but  take  little  at  a  time,  while  at  the  same  time 
dilute  hydrochloric  acid  ought  to  be  administered  (0'4  per  cent.).  Small  doses  of  common  salt 
seem  to  aid  digestion. 

[Absence  of  HCl.  — HCl  is  almost  always  absent  in  carcinoma  of  the  stomach  {van  de  Velde), 
amyloid  degeneration  of  the  gastric  mucous  membrane  {Edingcr),  and  sometimes  in  fever.  lu 
all  these  cases  the  acid-reaction  is  due  to  lactic  or  butyric  acid.  The  absence  of  HCl  in 
cancer  of  the  stomach  is  an  important  diagnostic  and  prognostic  symptom.  It  is  not  absent  in 
simple  dilatation  of  the  stomach.  Test  the  contents  of  the  stomach  for  free  HCl  with  tropseolin 
(red  colour),  methyl  violet  (blue),  and  with  ferric  chloride  and  carbolic  acid  {Ufchnann). 
per  cent,  of  free  HCl  causes  the  amethyst-blue  of  the  last  to  become  steel-grey,  while  somewhat 
more  discharges  the  colour  altogether.  [In  testing  for  the  presence  of  free  lactic  acid  in  the 
gastric  contents  use  Uffelmann's  reaction  (§  163).  The  lactic  acid  is  easily  extracted  by  ether 
from  the  gastric  contents,  and  the  reaction  can  then  be  performed  with  the  residue  obtained 
after  evaporating  the  ether.  A  solution  of  1  drop  of  the  liquor  perchloride  in  50  c.c.  of  water  is 
made  yellow  by  lactic  acid.] 

Feeble  digestion  may  be  caused  either  by  imperfect  formation  of  acid  or  pepsin,  so  that  both 
substances  may  be  administered  in  such  a  condition.  [It  may  also  be  due  to  deficient  muscular 
power  in  the  wall  of  the  stomach.]  In  other  cases,  lactic,  butyric,  and  acetic  acids  are  formed, 
owing  to  the  presence  of  lowly  organisms.  In  such  cases,  small  doses  of  salicylic  acid,  together 
with  some  hydrochloric  acid,  are  useful.  Pepsin  need  not  be  given  often,  as  it  is  rarely  absent, 
even  from  the  diseased  gastric  mucous  membrane.  Albumin  has  been  found  in  the  gastric- 
juice  in  cases  of  gastric  catarrh  and  cholera. 

E.  Digestion  during  Fever  and  Anaemia.  —Beaumont  found  that  in  the  case  of  Alexis  St 
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Martin,  when  fever  occurred,  a  small  amount  of  gastric-juice  was  secreted  ;  the  mucous 
membrane  was  dry,  red,  and  irritable.  Dogs  sulFering  from  septica;mic  fever,  or  rendered 
anremic  by  great  loss  of  blood,  secrete  gastric-juice  of  feeble  digestive  power  and  containing 
little  acid  (Manasscin).  [In  acute  diseases  accompanied  by  fever,  the  iinier  cells  of  the  iuudus- 
glands  of  the  human  stomach  may  disappear  (C.  Kitpff'cr).]  Hoppe-Seyler  investigated  the 
gastric-juice  of  a  typhus  patient  in  which  van  do  Velde  found  no  free  acid.  Usually  no  free 
hydrochloric  acid  is  found  in  cancer  of  the  stomach.  The  gastric-juice  of  the  typhus  patient 
did  not  digest  artihcially,  even  after  the  addition  of  hydrochloric  acid.  The  diminution  of 
acid,  under  these  circumstances,  favours  the  occurrence  of  a  neutral  reaction,  so  that,  on  the 
one  hand,  digestion  cannot  proceed,  and  on  the  other,  fermentative  processes  (lactic  and  liutyric 
acid  fermentations  with  the  evolution  of  gases)  occur.  These  results  are  associated  with  "the 
presence  of  micro-organisms  and  Sarciim  ventriculi  {Goodsir).  Uffclmann  found  that  the  secretion 
of  a  peptone-forming  gastric-juice  ceased  in  fever,  when  the  fever  is  severe  at  the  outset,  when 
a  feeble  condition  occurs,  or  when  the  temperature  is  very  high.  The  amount  of  juice  secreted 
is  certainly  diminished  during  fever.  The  excitability  of  the  mucous  membrane  is  increased, 
so  that  vomiting  readily  occurs.  The  increased  excitability  of  tlie  vaso-motor  nerves  during  fever 
is  disadvantageous  for  the  secretion  of  the  digestive  fluids  (Heidcnhnin).  Beaumont  observed 
that  fluids  are  rapidly  absorbed  from  the  stomach  during  fever,  but  the  absorption  of  peptones 
is  diminished  on  account  of  the  accompanying  catarrhal  condition  of  the  stomach,  and  the 
altered  functional  activity  of  the  muscularis  mucosie  [Lcubc). 

]\Iany  salts,  when  given  in  large  a.mo\mt,  disturb  gastric  digestion,  e.g.,  the  sulphates.  While 
the  alkaloids,  morphia,  strychnia,  digitalin,  narcotin,  veratria  have  a  similar  action,  quinine 
favours  it  (JFolberg).  In  some  nervous  individuals  "peristaltic  unrest  of  the  stomacli,"  con- 
joined with  a  dyspeptic  condition,  occurs  {Kussmaul).  [Prosser  James  directs  attention  to  the 
value  of  peptic  and  pancreatic  salts,  which  are  preparations  of  common  salt  mixed  with  pepsin 
and  the  ferments  of  the  pancreas  respectively.] 

[Artificial  Digestion  is  affected  by  various  salts  according  to  their  nature  and  dilution.  The 
digestion  oifibriji  by  pepsin  goes  on  best  without  the  addition  of  salts,  being  diminished  by 
magnesic  sulphate,  sodic  carbonate,  and  sulphate.  The  digestion  of  fibrin  by  pancreatic  extract 
is  accelerated  by  sodic  carbonate  {Heidcnhain),  and  retarded  by  MgS04  and  Na.iSOj.  The 
diastatic  action  of  the  saliva  and  pancreas  on  starch  is  greatly  accelerated  by  NaCl  (2  per  cent.), 
while  NaoCOg,  NaoS04,  and  ]\[gS04  hinder  it  {Ffeiffcr)^  According  to  Schiitz,  artificial  gastric 
digestion  is  retarded  by  a  2  per  cent,  solution  of  alcohol,  and  also  by  a  solution  of  salicylic  acid 
(•Ot>  to  '1  per  cent. ).  I3uchner,  however,  finds  that  10  per  cent,  of  alcohol  docs  not  affect  artificial 
gastric  digestion,  while  above  20  per  cent,  arrests  it.    Beer  hindeis  digestion. 

F.  In  acute  diseases,  the  secretion  of  bile  is  affected  ;  it  becomes  less  in  amount  and  more 
watery,  i.e.,  it  contains  fewer  specific  constituents.  If  the  liver  undergoes  great  structural 
change,  the  secretion  may  be  arrested, 

G.  Gall-Stones. — When  decomposition  of  the  bile  occurs,  gall-stones  are  formed  in  the  gall- 
bladder or  in  the  bile-ducts.  Some  are  wJiite,  and  consist  almost  entirely  of  stratified  layers  of 
crystals  of  cholesterin.  The  brown  forms  consist  of  bilirubin-lime,  and  calcium  carbonate,  often 
mixed  with  iron,  copper,  and  manganese.  The  gall-stones  in  the  gall-bladder  become  facetted 
by  rubbing  against  each  other.  The  nucleus  of  the  white  stones  often  consist  of  chalk  and  bile- 
colouring  matters,  together  with  nitrogenous  residues,  derived  from  shed  epithelium,  mucin, 
bile-salts,  and  fats.  Gall-stones  may  occlude  the  bile-duct  and  cause  cholajmia.  When  a  small 
stone  becomes  impacted  in  a  duct,  it  gives  rise  to  excessive  pain,  constituting  hepatic  colic,  and 
may  even  cause  rupture  of  the  bile-duct  with  its  sharp  edges. 

H.  Nothing  certain  has  been  determined  regarding  the  pancreatic  secretion  in  disease,  but 
in  fever  it  appears  to  be  diminished  in  amount  and  digestive  activity.  The  suppression  of  the 
pancreatic  secretion,  [as  by  a  cancerous  tumour  of  the  head  of  the  pancreas],  is  often  accompanied 
by  the  appearance  of  fat,  in  the  form  of  globules  or  groups  of  crystals  in  the  fajces. 

I.  Constipation  is  a  most  important  derangement  of  the  digestive  tract.  It  may  be  caused 
by — (1)  Conditions  which  obstruct  the  normal  channel,  e.g.,  constriction  of  the  gut  from  stricture 
— in  the  large  gut  after  dysentery,  tumours,  rotation  on  its  axis  of  a  loop  of  intestine  (volvulus), 
or  invagination,  occlusion  of  a  coil  of  gut  in  a  hernial  sac,  or  by  the  pressure  of  tumours  or 
exudations  from  without,  or  congenital  absence  of  the  anus.  (2)  Too  great  dryness  of  the  con- 
tents, caused  by  too  little  water  in  the  articles  of  diet,  diminution  of  the  amount  of  the  digestive 
secretions,  e.g.,  of  bile  in  icterus;  or  in  consequence  of  much  fluid  being  given  off  by  other 
organs,  as  after  copious  secretion  of  saliva,  milk,  or  in  fever.  (3)  Variations  in  the  functional 
activity  of  the  muscles  and  motor-nervous  apparatus  of  the  gut  may  cause  constipation,  owing  to 
imperfect  peristalsis.  This  condition  occurs  in  inflammations,  degenerations,  chronic  catarrh, 
and  diaphragmatic  inflammation.  Affections  of  the  spinal  cord,  and  sometimes  also  of  the  brain, 
are  usually  accompanied  by  slow  evacuation  of  the  intestine.  Whether  diminished  mental 
activity  and  hypochondriasis  are  the  cause  of,  or  are  caused  by,  constipation  is  not  proved. 
Spasmodic  contraction  of  a  part  of  the  intestine  may  cause  temporary  retention  of  the  intestinal 
contents,  and,  at  the  same  time,  give  rise  to  great  pain  or  colic ;  the  same  is  true  of  spasm  of 
the  anal  sphincter,  which  may  be  excited  reflexly  from  the  lower  part  of  the  gut.    The  f^cal 
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masses  iu  constipation  are  usually  hard  and  dry,  owing  to  the  water  being  absorbed  ;  hence 
they  form  large  masses  or  scybnla  within  the  large  intestine,  and  these  again  give  rise  to  new 
resistance.  Amongst  the  reagents  which  prevent  evacuation  of  the  bowels,  some  paralyse  the 
motor  apparatus  teuiporarily,  e.g.,  opium,  morphia ;  some  diminish  the  secretion  of  the  intestinal 
nmcous  membrane,  and  cause  constriction  of  the  blood-vessels,  as  tannic  acid,  vegetables  con- 
taining tanuiu,  alum,  chalk,  lead  acetate,  silver  nitrate,  bismuth  nitrate. 

J.  hicreased  evacuation  of  the  intestinal  contents  is  usually  accompanied  by  a  watery  condition 
of  the  fa'ces,  constituting  diarrhoea.    The  causes  are : — 

1.  A  too  rapid  movement  of  the  contents  through  the  intestine,  chiefly  through  the  large 
intestine,  so  that  there  is  not  time  for  the  normal  amount  of  absorption  to  take  place.  The 
increased  jjeristalsis  depends  upon  stimulation  of  the  motor-nervous  apparatus  of  the  intestine, 
usually  of  a  reflex  nature.  Rapid  transit  of  the  contents  through  the  intestine  causes  the 
evacuation  of  certain  substances,  which  cannot  be  digested  in  so  short  a  time. 

2.  The  stools  become  tliinner  from  the  presence  of  much  water,  mucus,  and  the  admixture 
with  fat,  and  by  eating  fruit  and  vegetables.  In  rare  cases,  when  the  evacuations  contain  much 
mucin,  Charcot's  crystals  occur  (fig.  144,  c).  In  ulceration  of  the  intestine,  leucocytes  (pus)  are 
present  (Nothnagcl). 

3.  Diarrlicea  may  occur  as  a  consequence  of  disturbance  of  the  difTusion-processes  through  the 
intestinal  walls,  as  in  afiectious  of  the  epithelium,  when  it  becomes  swollen  in  inflammatory  or 
catarrhal  conditions  of  the  intestina'  mucous  membrane.  [Irritation  over  the  abdomen,  as  from 
the  subcutaneous  injection  of  small  quantities  of  saline  solutions,  causes  diarrhoea.] 

.  4.  It  may  also  be  due  to  increased  secretion  into  the  intestine,  as  in  capillary  diffusion,  when 
magnesium  sulphate  in  the  intestine  attracts  water  from  the  blood. 

The  same  occurs  in  cholera,  when  the  stools  are  copious  and  of  a  rice-water  character,  and  are 
loaded  with  epithelial  cells  from  the  villi.  The  transudation  into  the  intestine  is  so  great  that 
the  blood  in  the  arteries  becojnes  very  thick,  and  may  even  on  this  account  cease  to  circulate. 

Transudation  into  the  intestine  also  takes  place  as  a  consequence  of  paralysis  of  the  vaso- 
motor nerves  of  the  intestine.  This  is  perhaps  the  case  in  diarrhoea  following  upon  a  cold. 
Certain  substances  seem  directly  to  excite  the  secretory  organs  of  the  intestines  or  their  nerves, 
such  as  the  drastic  purgatives  (§  ISO),  Pilocarpin  injected  into  the  blood  causes  great  secretion 
{3Iasloff). 

During  febrile  conditions,  the  secretion  of  the  intestinal  glands  seems  to  be  altered  quanti- 
tatively and  qualitatively,  with  simultaneous  alteration  of  the  functional  activity  of  the  muscul- 
ature and  the  organs  of  absorption,  while  the  excitability  of  the  mucous  membrane  is  inci'eased 
{TIffclmann).  It  is  important  to  note  that  in  many  acute  febrile  diseases  the  amount  of  common 
salt  in  the  urine  diminishes,  and  increases  again  as  the  fever  subsides, 

187.  COMPARATrTE. —Salivary  Glands. — Amongst  mammals,  the  herbivora  have  larger 
salivary  glands  than  the  carnivora  ;  while  midway  between  both  are  the  omnivora.  The  whale 
has  no  salivary  glands.  The  pinnipedia  have  a  small  parotid,  which  is  absent  in  echidna.  The 
dog  and  many  carnivora  have  a  special  gland  lying  in  the  orbit,  the  orbital  or  zygomatic  glaiid. 
In  birds  the  salivary  glands  open  at  the  angle  of  the  mouth,  but  the  parotid  is  absent. 
Amongst  reptiles  the  parotid  of  some  species  is  so  changed  as  to  form  poison-glands;  the 
tortoise  lias  sublingual  glands;  reptiles  have  labial  glands.  The  amphibia  and  fishes  have 
merely  small  glands  scattered  over  the  mouth.  The  salivary  glands  are  large  in  insects  ;  some 
of  them  secrete  formic  acid.  The  salivary  glands  are  well  developed  in  molluscs,  and  the  saliva 
of  Dolium  galea  contains  more  than  3  per  cent,  of  free  sulphuric  acid  (?).  The  cephalopoda 
have  double  glands. 

A  crop  is  not  present  in  any  mammal ;  the  stomach  is  either  simple,  as  in  man,  or,  as  in 
many  rodents,  it  is  divided  into  two  halves,  into  a  cardiac  and  a  pyloric  portion.  The  intestine 
is  short  in  flesh-eating  animals  and  long  in  herbivora.  The  stomach  of  ruminants  is  compound, 
and  consists  of  four  cavities.  The  first  and  largest  is  the  paunch  or  rumen,  then  the  reticuhun. 
In  these  two  cavities,  especially  the  former,  the  ingesta  are  softened  and  undergo  fermentation. 
Tliey  are  then  returned  to  the  mouth  by  the  action  of  the  voluntary  muscular  fibres,  which 
reach  to  the  stomach.    This  is  the  process  of  rumination.    The  ingesta  are  chewed  again  in  the 

mouth,  and  are  again  swallowed,  but  this  time  they  enter  the  third  cavity  or  psalterium  

(which  is  absent  in  the  camel) — and  thence  into  the  fourth  stomach  or  abomasum,  in  which 
the  fermentative  digestion  takes  place.  The  crecum  is  a  very  large  and  important  digestive 
organ  in  herbivora  and  in  most  rodents  ;  it  is  small  in  man,  and  absent  in  carnivora.  The 
oesophagus  in  grain-eating  birds  not  unfrequeutly  has  a  blind  diverticulum  or  crop  for  softening 
the  food.  In  the  crop  of  pigeons  during  the  breeding  season,  there  is  formed  a  peculiar  secre- 
tion—"pigeon's  milk,"  which  is  used  to  feed  the  young  {J.  Hunter).  The  stomach  consists  of 
a  glandular  imrvcntriculiis  and  a  strong  muscular  stomach  which  is  covered  with  horny  epi- 
thelium and  triturates  the  food.  There  are  usually  two  fluid  diverticula  on  the  small  intestine 
near  where  it  joins  the  large  gut.  In  fishes  the  intestinal  canal  is  generally  simple  ;  the  stomach 
is  merely  a  dilatation  of  the  tube  ;  and  at  the  pylorus  there  may  be  one,  but  usually  many 
blind  glandular  appendages  (the  appendices  pyloricte).    They  are  generally  longitudinal  folds  in 
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the  mtestinal  mucous  membrane,  but  in  some  fishes,  e.g.,  the  shark,  there  is  a  spiral  valve.  [The 
mversive  (cane-sugar)  ferment  is  wanting  in  the  herbivora,  as  the  cow,  horse,  and  sheep,  but  is 
present  in  the  dog  and  cat.  It  is  also  met  with  in  birds  and  reptiles,  and  in  many  of  the 
invertebrates,  as  the  ordinary  earth-worm  [M.  Hay).] 

In  amphibia  and  reptiles  the  stomach  is  a  simple  dilatation  ;  the  gut  is  larger  in  vegetable 
feeders  than  in  tlesh  feeders.  The  liver  is  never  absent  in  vertebrates,  although  the  gall-bladder 
frequently  is.  _  The  pancreas  is  absent  in  some  iishes. 

Digestion  in  Plants.— The  observations  on  the  albumin-digesting  power  of  some  ])lants 
are  extremely  interesting  {Canby,  1869  ;  Ck.  Darwin,  1875),  The  sundew  or  drosera  has  a 
series  of  tentacles  on  the  surface  of  its  leaves,  and  the  tentacles  are  provided  with  glands.  When 
an  insect  alights  upon  a  leaf,  it  is  suddenly  seized  by  the  tentacles ;  the  glands  pour  out  an  acid 
juice  over  the  prey,  which  is  gradually  digested,  all  except  the  chitiuous  structures.  The  secre- 
tion, as  well  as  the  subsequent  absorption  of  the  products  of  digestion,  are  accomplished  by  the 
activity  of  the  protoplasm  of  the  cells  of  the  leaves.  The  digestive  juice  contains  a  pepsin-like 
ferment  and  formic  acid.  Similar  phenomena  are  manifested  by  the  Venus  flytrap  (Dionaja), 
by  pinguicula,  as  well  as  by  the  cavity  of  the  altered  leaves  of  nepenthes.  About  fifteen  species 
of  these  ' '  insectivorous  "  or  carnivorous  plants  are  known.  [Papain,  and  other  ferments  analo- 
gous in  their  action  to  trypsin,  arc  referred  to  in  §  170.] 

188.  HISTOEICAL.— Digestion  in  the  Mouth.— The  older  observers  regarded  the  saliva  as  a 
solvent,  and  in  addition,  many  bad  qualities,  especially  in  starving  animals,  were  ascribed  to  it. 
This  arose  from  the  knowledge  of  the  saliva  of  mad  animals,  and  the  parotid  saliva  of  poisonous 
snakes.  The  salivary  glands  have  been  known  for  a  long  time.  Galen  (131-203  a.d.)  was  ac- 
quainted with  Wharton's  duct,  and  Aetius  (270  a.d.)  with  the  sub-maxillary  and  sub-lingual 
glands.  Hapel  de  la  Chenaye  (1780)  obtained  large  quantities  of  saliva  from  a  horse,  in  which 
he  was  the  first  to  make  a  salivary  fistula,  Spallanzani  (1786)  asserted  that  food  mixed  with  saliva 
was  more  easily  digested  than  food  moistened  with  water,  Hamberger  and  Siebold  investigated 
the  reaction,  consistence,  and  specific  gravity  of  saliva,  and  found  in  it  mucus,  albumin,  common 
salt,  calcium  and  sodium  phosphates.  Berzelius  gave  the  name  ptyalin  to  the  characteristic 
organic  constituent  of  saliva,  but  Leuchs  (1831)  was  the  first  to  detect  its  diastatic  action. 

Gastric  Digestion. — Digestion  was  formerly  compared  to  "  coction,"  whereby  solution  was 
efi'ected.  According  to  Galen,  only  substances  that  have  been  dissolved  passed  through  the 
pylorus  into  the  intestine.  He  described  the  movements  of  the  stomach  and  the  peristalsis  of  the 
intestines,  Aelian  gave  names  to  the  four  stomachs  of  the  ruminants.  Vidius  (t  1567)  noticed 
the  numerous  small  apertures  of  the  gastric  glands.  Van  Helmont  (t  1644)  expressly  notices 
the  acidity  of  the  stomach.  Reaumur  (1752)  knew  that  a  juice  was  secreted  by  the  stomach, 
which  elfected  solution,  and  with  which  he  and  Spallanzani  performed  experiments  on  digestion 
outside  the  body,  Carminati  (1785)  found  that  the  stomachs  of  carnivora  during  digestion 
secreted  a  very  acid  juice,  Prout  (1824)  discovered  the  hydrochloric  acid  of  the  gastric-juice, 
Sprott  and  Boyd  (1836)  the  glands  of  the  gastric  mucous  membrane,  while  Wasmann  and  Bischoff 
noted  the  two  kinds  of  gastric-glands.  After  Beaumont  (1834)  had  made  his  observations  upon 
Alexis  St  Martin,  who  had  a  gastric  fistula  caused  by  a  gunshot  wound.  Basso w  (1842)  and 
Blondlot  (1843)  made  the  first  artificial  gastric-fistulre  upon  animals.  Eberle  (1834)  jirepared 
artificial  gastric-juice.  Mialhe  called  albumin,  when  altered  by  gastric  digestion,  alburainose ; 
Lehmann,  who  investigated  this  substance  more  carefully,  gave  it  the  name  peptone.  Scliwann 
isolated  pepsin  (1836),  and  established  the  fact  of  its  activity  in  the  presence  of  hydrochloric  acid. 

Pancreas,  Bile,  Intestinal  Digestion. — The  pancreas  was  known  to  the  Hippocratic  School; 
Maur.  Hoftmann  (1642)  demonstrated  its  duct  (fowl),  and  Wirsung  described  it  in  man.  Eegner 
de  Graaf  (1664)  collected  the  pancreatic  juice  from  a  fistula,  and  Tiedcmann  and  Gmelin  found 
it  to  be  alkaline,  while  Lauret  and  Lassaigne  found  that  it  resembled  saliva.  Valentin  dis- 
covered its  diastatic  action,  Eberle  its  emulsionising  power,  and  CI.  Bernard  (1846)  its  tryptic 
and  fat-splitting  properties.  The  last-mentioned  function  was  referred  to  by  I'urkinje  and 
Pappenheim  (1836).  Aristotle  characterised  the  bile  as  a  useless  secretion;  according  to 
Erasistratus  (304  B.C.),  fine  invisible  channels  conduct  the  bile  from  the  liver  into  the  gall- 
bladder, Aretaeus  ascribed  icterus  to  obstruction  of  the  bile-duct,  Benedetti  (1493)  described 
gall-stones.  According  to  Jasolinus  (1573),  the  gall-bladder  is  emptied  by  its  own  contractions. 
Sylvius  noticed  the  lymphatics  of  the  liver  (1640) ;  AValaeus,  the  connective-tissue  of  the  so- 
called  capsule  of  Glisson  (1641),  Haller  indicated  the  uses  of  bile  in  the  digestion  of  fats.  The 
liver-cells  were  described  by  Henle,  Purkinje,  and  Dutrochet  (1838).  Heynsius  discovered  the 
urea  and  CI.  Bernard  (1853)  the  sugar  in  the  liver,  and  he  and  Hensen  (1857)  found  glycogen 
in  the  liver.  Kiernan  gave  a  more  exact  description  of  the  hepatic  blood-vessels  (1834).  Beale 
injected  the  lymphatics,  and  Gerlach  the  finest  bile-ducts.  Schwann  (1844)  made  the  first 
biliary  fistula  ;  Demarcay  particularly  referred  to  the  combination  of  the  bile-acids  with  soda 
(1838)  ;  Strecker  discovered  the  soda  compounds  of  both  acids,  and  isolated  tliem.  Celsus 
mentions  nutrient  enemata  (3-5  A.D.).  Fallopius  (1561)  described  the  valvulfc  conniventes  and 
villi  of  the  intestinal  mucous  membrane,  and  the  nervous  plexus  of  the  mesentery.  The 
agminated  glands  or  patches  of  Peyor  were  known  to  Scverinus  (1645).  . 
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189.  THE  ORGANS  OF  ABSORPTION.— [As  most  substances  in  the  state 
in  which  they  are  used  for  food  are  either  insoluble,  or  diffuse  but  imperfectly 
through  membranes,  the  whole  drift  of  the  comijlicated  digestive  processes  is  to 
render  these  substances  soluble  and  diffusible,  and  thus  fit  them  for  absorption ; 
while  most  of  the  fats  are  emulsionised.] 

The  mucous  membrane  of  the  whole  intestinal  tract,  as  far  as  it  is  covered  by  a 

single  layer  of  colunmar  epithelium,  i.e.,  from  the 
cardiac  orifice  of  the  stomach  to  the  anus — is 
adapted  for  absorption.  The  mouth  and  oeso- 
phagus, lined  as  they  are  by  stratified  squamous 
epithelium,  are  much  less  adapted  for  this  pur- 
pose. Still,  poisoning  is  caused  by  placing  potas- 
sium cyanide  in  the  mouth.  The  channels  of 
absorption  in  the  intestinal  tract  are  (fig.  206) — 
(1)  the  capillaries  [direct],  and  (2)  the  lacteals 
[i7idirect^  of  the  mucous  membrane.  Almost  the 
Scheme  of  intestinal  absorption.  LAC,  ^^^ol^  the  substances  absorbed  by  the  former 
lacteals  ;  T.D.,  thoracic  duct ;  P.V.  pass  into  the  rootlets  of  the  portal  vein,  and  tra- 
and  H.  v.,  portal  and  hepatic  veins  ;  vei'se  the  liver,  while  those  that  eater  the  lacteals 
INT.,  intestine.  really  pass  into  lymphatics,  so  that  the  chyle 

passes  through  the  thoracic  duct  and  is  poured  by  it  into  the  blood,  where  the 
thoracic  duct  joins  the  subclavian  vein. 

Watery  solutions  of  salts,  grape-sugar,  peptone,  poisons,  and  in  a  still  higher 
alcoholic  solutions  of  poisons,  are  absorbed  in  the  stomach.  The  empty 
stomach  absorbs  more  rapidly  than  one  filled  with  food ;  gastric  catarrh  delays 
absorption.  After  a  copious  diet  of  milk,  fatty  granules  have  been  found  in  the 
protoplasm  of  the  goblet-cells ;  so  that  according  to  this  view,  the  goblet-cells  have 
a  double  function,  to  secrete  mucus  and  to  absorb  nutriments. 

The  greatest  area  of  absorption  is  undoubtedly  the  small  intestine,  especially 
its  upper  half,  owing  to  the  presence  of  the  valvulBB  conniventes  and  the  villi. 

190.  STRUCTURE  OF  THE  SMALL  AND  LARGE  INTESTINES.— [The 
wall  of  the  small  intestine  consists  of  four  coats ;  which,  from  without  inward,  are 
named  serous,  muscular,  sub-mucous,  and  mucous  (fig.  207). 

(1)  The  serous  coat  has  the  same  structure  as  the  peritoneum,  i.e.,  a  thin  basis  of  fibrous 
tissue  covered  on  its  outer  surface  by  endothelium. 

(2)  The  muscular  coat  consists  of  a  thin  outer  longitudinal  and  an  inner  thicker  circular 
layer  of  non-striped  muscular  fibres  (fig.  207). 

(3)  The  sub-mucous  coat  consists  of  loose  connective-tissue  containing  large  blood-vessels 
and  nerves,  and  it  connects  the  muscular  with  the  mucous  coat. 

(4)  The  mucous  coat  is  the  most  internal  coat,  and  its  absorbing  surface  is  largely  increased 
by  the  presence  of  the  valvular  conniventes  and  villi.  [The  valvulse  conniventes  are  permanent 
folds  of  the  mucous  membrane  of  the  small  intestine,  arranged  across  the  long  axis  of  the  o-ut. 
They  pass  round  a  half  or  more  of  the  inner  surface  of  the  gut.  They  begin  a  little  belo\v*'the 
commencement  of  the  duodenum,  and  are  large  and  well  marked  in  the  duodenum,  and  remain 
so  as  far  as  the  upper  half  of  the  jejunum,  where  they  begin  to  become  smaller,  and  finally  dis- 
appear about  the  lower  part  of  the  ileum.]  The  villi  are  characteristic  of  the  small  intestine, 
and  are  confined  to  it ;  they  occur  everywhere  as  closely-set  projections  over  and  between  the 
valvule  conniventes  (fig.  207).  When  the  inner  surface  of  the  mucous  membrane  is  examined 
in  water,  it  has  a  velvety  appearance  owing  to  their  presence.  [They  vary  in  length  from  -J^  to 
■sV  of  an  inch,  are  largest  and  most  numerous  in  the  upper  part  of  the  intestine,  duodenum,  and 
jejunum,  where  absorption  is  most  active,  but  they  are  less  abundant  in  the  ileum.  Their  total 
number  has  been  calculated  at  four  millions  by  Krause.]  Each  villus  is  a  projection  of  the 
entire  mucous  membrane,  so  that  it  contains  within  itself  representatives  of  all  the  tissue- 
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elements  of  the  mucosa.  The  orifices  of  the  glands  of  Lieberkiihn  open  between  the  bases  of 
villi  (tig.  207). 

Each  villus,  be  it  cylindrical  or  conical  in  shape,  is  covered  by  a  single  layer  of  columnar 
epitheliimi,  whose  protoplasm  is  reticulated,  and  contains  a  well-defined  nucleus  with  an  intra- 
nuclear ple.xus  of  fibrils.  The  ends  of  the  epithelial  cells  directed  towards  the  gut  are  polj'goiial, 
and  present  the  appearance  of  a  mosaic  (fig.  208,  D).  When  looked  at  from  tlie  side,  their  free 
surface  is  seen  to  be  covered  with  a  clear,  highly  refractive  disc  or  "cuticula,"  which  is  marked 
with  vertical  striic.  These  strine  were  supposed  by  KoUiker  to  represent  pores  ibr  the  absorp- 
tion of  fatty  particles,  but  this  has  not  been  confirmed,  while  Brettauer  and  Steiuach  regarded 
them  as  produced  by  prisms  placed  side  by  side. 

According  to  v.  Thanhoti'er,  however,  this  clear  disc  is  comparable  to  the  tliickened  flange 
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around  the  bottom  of  a  vessel,  such  as  is  used 
upper  end  of  each  cell  is  open,  and  from  it 
there  project  pseudopodia-like  bundles  of 
protoplasmic  processes  (fig.  208,  B).  These 
l)roce,sses  are  supposed  to  be  extended  beyond 
the  margin  of  the  cell,  and  again  rapidly  re- 
tracted, and  in  so  acting  they  are  said  to 
carry  the  fatty  particles  into  the  interior  of 
the  cells,  much  as  the  pseudopodia  of  an 
amojba  entangle  its  food.  [This  view  has 
not  been  confirmed  by  a  sutticient  number  of 
observers.]  Between  the  epithelial  cells  are 
the  so-called  goblet-cells  (fig.  208,  C).  [Each 
goblet-cell  is  more  or  less  like  a  chalice, 
narrower  above  and  below,  and  broad  in  the 
middle,  with  a  tapering  fixed  extremity.  The 
outer  part  of  these  cells  is  filled  with  a  clear 
substance  or  mucigen,  which,  on  the  addition 
of  water,  yields  mucus.  The  mucigen  lies  in 
the  intervals  of  a  fine  network  of  fibrils, 
which  pervades  the  cell-protoplasm,  while 
the  protoplasm,  containing  a  globular  or  tri- 
angular nucleus,  is  pushed  into  the  lower 
part  of  the  cell.  Those  goblet-cells  are  simply 
altered  columnar  epithelial  cells,  which  secrete 
mucus  in  their  interior.  They  are  more 
numerous  under  certain  conditions.  Not  un- 
frequently  in  a  section  of  the  mucous  mem- 
brane of  the  gut,  after  it  is  stained  with 
logwood,  we  may  see  a  deep  blue  plug  of  _ 
mucus  partly  exuded  from  these  cells.  AVhen  m 
looked  at  from  above  they  give  the  appearance 
seen  .;in  fig.  208,  D.]  The  epithelial  cells 
are  shed  in  enormous  numbers  in  cholera, 
and  in  poisoning  with  arsenic  and  muscarin 
{Biihm). 

[The  epithelial  cells  covering  the  villus  are 
placed  upon  a  layer  of  squamous  epithelium 
(basement  membrane) — the  sub-epithelial 
membrane  of  Debove.  This  basement  mem- 
brane is  said  to  be  connected  by  processes 
with  the  so-called  branched  cells  of  the  adenoid 
tissue  of  the  villus,  while  it  also  sends  up  pro- 
cesses between  the  epithelial  covering.] 

The  villus  itself  consists  of  a  basis  of  adenoid  tissue,  containing  in  its  centre  one  or  more 
lacteals,  closely  invested  with  bundles  of  longitudinal  smooth  muscular  fibres,  derived  from  the 
muscularis  mucosa;,  and  a  plexus  of  blood-vessels.  The  adenoid  tissue  of  the  villus  consists  of 
a  reticulum  of  fibrils  with  endothelial  plates  at  its  nodes.  The  spaces  of  the  adenoid  tissue  form 
a  spongy  network  of  inter-communicating  channels  containing  stroma-cells  or  leucocytes  (fig. 
208,  A,  e,  e)  These  leucocytes  or  lymph-corpuscles  have  been  seen  to  contain  fatty  granules, 
and  they  are  perhaps  concerned  in  the  absorption  of  fatty  particles. 

The  lymphatic  or  lacteal  lies  in  the  axis  of  the  villus  (fig.  210,  cl),  Some  regard  the  lacteal 
merely  as  a  space  in  the  centre  of  the  villus,  but  more  probably  it  has  a  distinct  wall  composed 
of  endothelial  cells,  with  apertures  or  stomata  here  and  there  between  the  cell-plates.  These 
stomata  place  the  interior  of  the  lacteal  in  direct  communication  with  the  spaces  of  the  adenoid 
tissue.    Perhaps,  white  blood-corpuscles  wander  out  of  the  blood-vessels  of  the  villi  into  the 
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Longitudinal  section  of  the  small  intestine  of  a 
dog  through  a  Peyer's  patch. 
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spaces  of  the  aaenoid  tissue,  where  they  become  loaded  with  fatty  granules,  and  pass  into  the 


Fig.  208.  _ 

A,  scherfte  of  a  transverse  section  of  part  of  a  villus  ;  a,  columnar  epithelium  with,  i,  clear  disc  ; 
c,  goblet-cell ;  i,  i,  adenoid  reticulum  ;  d,  d,  spaces  containing  leucocytes,  c,  c;  f,  section 
of  the  central  lacteal.  B,  scheme  of  a  cell  with  processes  projected  from  its.interior.  C, 
columnar  epithelium  after  the  absorption  of  fatty  granules.  1),  columnar  epithelium  of  a 
villus  seen  from  above  with  a  goblet-cell  in  the  centre. 

central  lacteal.    Zuwarykiu  and  Wiedersheim  suppose  that  the  leucocytes  pass  from  the 

parenchyma  of  the  villus  towards 
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Fig.  209. 
Injected  blood-vessels  of  a  villus. 

together  by  oblique  strands ;  while  the  longitudinal  bundles  shorten  the  villus 


the  epithelial  layer,  and  even  be- 
tween the  epithelial  cells,  from 
which  they  return  towards  the  axis 
of  the  villus,  laden  with  substances 
which  they  have  taken  into  their 
interior  (§  192,  II.). 

A  small  artery  placed  eccentrically 
passes  into  each  villus  (fig.  209).  In 
man  it  begins  to  divide  about  the 
middle  of  the  villus,  but  iu  animals 
it  usually  runs  to  the  apex  before  it 
divides.  The  capillaries  resulting 
from  the  division  of  the  artery  form 
a  fine  dense  network  placed  super- 
ficially,  immediately  under  the  epi- 
thelium of  the  surface.  The  blood 
is  carried  out  of  a  villus  by  one  or 
two  veins  (figs.  207,  209). 

Non-striped  musc\ilar  fibres  are 
present  in  villi.  They  are  arranged 
longitudinally  in  several  bundles 
from  base  to  apex,  immediately  out- 
side the  central  lacteal.  When  they 
contract  they  tend  to  empty  the 
lacteal.  A  few  muscular  fibres  are 
placed  more  superficially,  and  run  in 
a  more  transverse  direction.  [The 
longitudinal  bundles  of  non-striped 
muscle  in  the  villi  are  connected 

the  oblique 


BRUNNER'S  GLANDS. 


fibres  keep  the  lacteal  open  ;  thus  the  parenclwraa  of  the  villus  is  also  compressed  transversely, 
whereby  the  products  of  absorption  are 
foi-ced  into  the  lacteal.  The  muscles 
are  fixed  by  cement  to  the  sub-epi- 
thelial basal  membrane.  The  muscu- 
lar fibres  of  the  villi  are  direct  pro- 
longations of  the  muscularis  mucosaj.] 

Nerves  pass  into  the  villi  from  Meiss- 
ner's  plexus  lying  in  the  sub-mucous 
coat.  The  nerves  to  the  villi  are  said 
to  have  small  granular  ganglionic  cells 
in  their  course,  and  they  terminate 
partly  in  the  muscular  fibres  and  partly 
in  the  arteries  of  the  villi. 

[On  making  a  vertical  section  of  the 
mucous  membrane  of  the  small  in- 
testine, it  is  seen  to  consist  of  a  net- 
work of  adenoid  tissue  loaded  with 
leucocytes.  This  tissue  forms  its  basis, 
and  in  it  are  placed  verticallj''  side  by 
side,  like  test-tubes  in  a  stand,  im- 
mense numbers  of  simple  tubular 
glands — the  crypts  of  Lieberktihn  (fig. 
207).]  [KultscJiitzki  finds  that  the 
connective-tissue  framework  of  the 
mucous  membrane  of  the  small  in- 
testine is  not  true  adenoid  tissue,  but 
a  transition  form  between  the  latter 
and  loose  fibrous  tissue.]  Lieberkiihn's 
glands  open  above  at  the  bases  of  the 
villi,  while  their  closed  lower  extrem- 
ity reaches  almost  to  the  muscularis 
mucosre.  Each  tube  consists  of  a  base- 
ment membrane  lined  by  a  single  layer 
of  columnar  epitheliiuu,  leaving  a  wide 
lumen,  the  cells  lining  them  being 
continuous  with  those  that  cover  the  mucous 


Fig.  210.  ^ 

Mucous  membrane  of  the  small  intestine  of  the  dog  ; 
the  lacteals  are  black,  and  the  blood-vessels  lighter. 
a,  artery ;  h,  lymphatic  ;  c,  plexus  of  capillaries  in  the 
villi ;  d,  lacteal ;  c,  Lieberkiihn's  glands. 


membrane.  Some 


between  the  columnar  epi- 
thelium. Immediately  below 
the  bases  of  the  follicles  of 
Lieberkiihn  is  the  muscu- 
laris mucosse,  consisting  of 
two  or  three  narrow  layers  of 
non-striped  muscular  fibres 
arranged  circularly  and 
longitudinally.  [It  is  con- 
tinuous with  the  muscularis 
mucosa}  of  the  stomach,  and 
extends  throughout  the 
whole  intestine,  not  as  a  con- 
tinuous layer,  but  as  a  close 
network  of  bundles  of  smooth 
muscle.  It  sends  fibres  up- 
wards into  the  villi  (fig.  212, 
«).] 

[Brunner's    Glands  are 

compound  tubular  glands 
lying  in  and  confined  to  the 
sub-mucous  coat  of  the  duo- 
denum (fig.  198).  Their 
ducts  perforate  the  muscu- 
laris mucosiB  to  open  on  the 
surface.  They  seem  to  be 
the  homologues  of  the  py- 
loric glands  of  the  stomach.] 
[Solitary  Follicles  are  small 


goblet-cells  are 


often  found 


Villi  with  blood-vessels  injected.   Solitary  follicle. 
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Fig.  211. 

Transverse  section  of  duodenum  of  a  rabbit  injected,  x  50. 

round  or  oval  white  masses  of  adenoid  tissue,  with  their 
deeper  parts  embedded  in  the  sub-mucosa,  and  their  apices  projecting  into  the  mucosa  of  the 
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They  begin  at  the  pyloric  end  of  the  stomach  and  are  found  fhroughout  the  whole 
They  consist  of  small  masses  of  adenoid  tissue  loaded  with  leucocytes  (fig.  214). 

They  are  well  supplied  with 
blood-vessels  (§  197),  although  no 
lymphatic  vessels  enter  them. 
They  are  surrounded  by  lym- 
phatics, and,  in  fact,  they  may  be 
said  to  hang  into  a  lymph-stream. 
The  distribution  of  solitary  fol- 
licles is  fairly  uniform  in  the 
small  intestine ;  their  number 
generally  increases  from  the 
stomach  to  the  large  intestine  ; 
although  there  are  considerable 
variations  in  different  individuals, 
there  seems  to  be  the  same  num- 
ber of  solitary  follicles  and  Peyer's 
patches  in  the  infant  as  in  the 
adult  (Passov;).'] 

[Peyer's  glands,  or  agminated 
glands,  consist  of  groups  of 
lymph-follicles  like  the  foregoing 
(figs.  207,  213).  The  masses  are 
often  more  or  less  fused  together, 
their  bases  lie  in  the  sub-mucosa, 
while  their  summits  project  into 
the  mucosa,  where  they  are 
covered  merely  by  the  columnar 
epithelium  of  the  intestine.  The 


Fig.  212. 

Section  of  a  solitary  follicle  of  the  small  intestine  (human).  _ 

a,  lymph-follicle  covered  with  epithelium  {h)  which  has  lymph-corpuscles  often  pass  be- 
fallen from  the  villi,  c  ;  d,  Lieberldihn's  follicle  ;  c,  mus-  tween  the  epithelial  cells.  The 
cularis  mucosse  ;  /,  sub-mucous  tissue.  patches  so  formed  have  their  long 

axis  in  the  axis  of  the  intestine, 
and  they  are  always  placed  opposite  the  attachment  of  the  mesentery.  Like  the  solitary  glands, 
they  are  well  supplied  with  blood-vessels,  while  around  them  is  a  dense  plexus  of  lymphatics 

or  lacteals.  They  are 
most  abundant  in  the 
lower  part  of  the  ileum. 
These  glands  are  speci- 
ally afliected  in  typhoid 
fever.  ] 

Nerves  of  the  Intes- 
tine.— Throughout  the 
whole  intestinal  tract 
there  exists  tlie  plexus 
of  Auerbach,  lying  be- 
tween the  longitudinal 
and  circular  muscular 
coats  (figs.  174,  175). 
This  plexus  consists  of 
non-medullated  nerves 
with  groups  of  ganglio- 
nic cells  at  the  nodes. 
Fibres  are  given  off  by 
it  to  the  muscular  coats. 
Connected  by  branches 
with  the  foregoing,  and 
 ^   ^^-^  lying  in  the  sub-mu- 
cosa, is  the  plexus  of 
Tig-  213.  Meissner,  which  is 
of  the  mucous  membrane  of  the  small  much  liner,  the  meshes 
the  closed  follicles,  aa ;  I,  muscularis  being  wider,  the  nodes 

smaller,  but  also  pro- 

T.        V    i-v  n^         3     ^  •      „  ,  y\(itA  with  ganglionic 

It  supplies  the  muscular  fibres  and  arteries  of  the  mucosa,  including  those  of  the  villi 
It  also  sends  branches  to  Lieberkiihn's  glands  (fig.  176). 
[Structure  of  the  Large  Intestine.  —It  has  four  coats,  like  those  of  the  small  intestine.  The 


Diagram  of  a  vertical  section 
intestine  of  a  dog  showing 
mucosre. 


cells; 


STRUCTURE  OF  THE  LARGE  INTESTINE. 


serous  coat  has  the  sanje  stvucture  as  that  of  the  small  intestine.  The  muscular  coat  has 
extiirnaA  longituduial  fibres  occurring  all  round  the  gut,  but  they  form  three  Hat  ribbon-like 
Longitudinal  bauds  in  the  crecum  and  colon  (fig.  214).  Inside  this  coat  are  the  circular  fibres. 
Ihe  sub-mucosa  is  practically  the  same  as  tliat  of  the  small  intestine.  The  mucosa  is  distin- 
guished by  negative  characters.  It  has  no  villi  and  no  Peyer's  patches,  but  otherwise  it  resembles 
structurally  the  small  intestine,  consisting  of  a  basis  of  adenoid  tissue  with  the  simple  tubular 
glands  of  Lieberkiihn  (lig.  199).  These  glands  are  very  numerous  and  somewhat  longer  than 
those  ot  the  small  intestine,  and  they  always  contain  far  more  goblet-cells— about  ten  times  as 
many.  _  The  cells  lining  them  are  devoid  of  a  clear  disc.  Solitary  glands  occur  throughout 
the  entire  length  of  the  large  intestine.  At  the  bases  of  Lieberkiihn's  glands  is  the  muscularis 
mucosae.    The  blood-vessels  and  nerves  have  a  similar  arrangement  to  those  in  the  stomach.] 

Epi- 

tlielinm. 


Mucous 
membrane. 


Capillai-y. 


Solitary 
follicle. 


Circular 
fibres. 

Muscular 
coat. 

Longitudi- 
nal tibres. 


Lieber- 
kiihn's 
glands. 


Fig.  214. 

Longitudinal  section  of  the  large  intestine. 

[Blood- Vessels. — On  looking  down  on  an  opaque  injection  of  the  mucous  membrane  of  the 
stomach,  one  sees  a  dense  mesliwork  of  polyg'onal  areas  of  unequal  size,  with  depressions  here 
and  there.  The  orifices  are  the  orifices  of  the  gastric  glands,  each  surrounded  by  a  capillary. 
A  somewhat  similar  appearance  is  seen  in  an  opaque  injection  of  the  mucous  membrane  of  the 
large  intestine,  but  in  the  latter  the  meshwork  is  uniform,  all  the  orifices  (of  Lieberkiihn's 
glands)  being  of  the  same  size.] 

191.  ABSORPTION  OF  THE  DIGESTED  FOOD.— The  physical  forces  con- 
cerned are  : — endosmosis,  diffusion,  and  filtration. 

All  the  constituents  of  the  food,  with  the  exception  of  the  fats,  which  in  part  are  changed 
into  a  fine  emulsion,  are  brought  into  a  state  of  solution  by  tlie  digestive  processes.  These 
substances  pass  through  the  walls  of  the  intestinal  tract,  either  into  the  blood-vessels  of  the 
mucous  membrane  or  into  the  beginning  of  the  lymphatics.  In  this  passage  of  the  fluids  two 
physical  processes  come  into  play — endosmosis  and  diffusion  as  well  as  filtration. 

i.  Endosmosis  and  diffusion  occur  between  two  fiuids  which  are  capable  of  forming  an  inti- 
mate mixture  with  each  other,  e.g.,  hydrochloric  acid  and  water,  but  never  between  two  fluids 
which  do  not  form  a  perfect  mixture,  such  as  oil  and  water.  If  two  fluids  capable  of  mixing  with 
each  other,  but  of  diflercnt  compositions,  be  separated  from  each  other  by  means  of  a  septiun 
■with  physical  pores  (which  occur  even  in  a  homogeneous  membrane),  an  exchange  of  the  constitu- 
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ents  in  the  fluids  occurs  until  both  fluids  have  the  same  composition.  This  exchange  of  fluids 
is  termed  cndosmosis  or  diomnosis. 

Diffusion. — If  the  two  mixible  fluids  are  placed  in  a  vessel,  the  one  fluid  over  the  other,  but 
without  being  separated  by  a  porous  se])tum,  an  exchange  of  the  particles  of  the  fluids  also 
occurs,  until  the  whole  mixture  is  of  uniform  composition.    This  process  is  called  diffusion. 

Conditions  Influencing  Dififusion. — Graham's  investigations  showed  that  the  rapidity  of 
diffusion  is  influenced  by— (1)  The  nature  of  the  fluids  themselves  ;  acids  diffuse  most  rapidly; 
the  alkaline  salts  more  slowly  ;  and  most  slowly,  fluid  albumin,  gelatin,  gum,  dextrin.  These 
last  do  not  crystallise,  and  perhajjs  do  not  form  true  solutions.  (2)  The 
more  concentrated  the  solutions,  the  greater  the  diffusion.  (3)  Heat  accel- 
erates, while  cold  retards,  the  process.  (4)  If  a  solution  of  a  body  which 
diffuses  with  difficulty  be  mixed  with  an  easily  diffusible  one,  the  former 
diff'uses  with  still  greater  difficulty.  (5)  Dilute  solutions  of  several  substances 
diffuse  into  each  other  without  any  difficulty,  but  if  concentrated  solutions 
are  employed,  the  process  is  retarded.  (6)  Double  salts,  one  constituent  of 
which  diffuses  more  readily  than  the  other,  may  be  chemically  separated  by 
diffusion. 

Endosmometer. — The  exchange  of  the  fluid-particles  takes  place  inde- 
Ijcndcntly  of  the  Ityd.rostatic  pressure.  An  endosmometer  (fig.  215)  consists  of 
a  glass  cylinder  filled  with  distilled  water,  and  into  this  is  placed  a  flask,  J, 
without  a  bottom,  instead  of  which  a  membrane,  m,  is  tied  on.  A  glass  tube, 
R,  is  fixed  firmly  by  means  of  a  cork  into  the  neck  of  the  flask.  The  flask 
is  filled  up  to  the  lower  end  of  the  tube  with  a  concentrated  salt  solution, 
and  is  then  placed  in  the  cylindrical  vessel  until  both  fluids  are  on  the  same 
level,  X.  The  fluid  in  the  tube,  R,  soon  begins  to  rise,  because  water  passes 
through  the  membrane  into  the  concentrated  solution  in  the  flask,  and  this 
?  independently  of  the  hydrostatic  pressure.  Particles  of  the  concentrated 
salt  solution  pass  into  the  cylinder  and  mix  with  the  water,  F.  These  out- 
going and  ingoing  currents  continue  until  the  fluids  without  and  within  J 
are  of  uniform  composition,  whereby  the  fluid  in  R  always  stands  higher  {e.g., 
at  while  it  is  lowered  in  the  cylinder.  The  circumstance  of  the  level  of 
the  fluid  within  the  tube  being  so  high,  and  remaining  so,  is  due  to  the  fact 
that  the  pores  in  the  membrane  are  too  fine  to  allow  the  hydrostatic  pressure 
to  act  through  them. 

Endosmotic  Equivalent. — Experiment  has  shown  that  equal  weights  of 
diiferent  sohible  substances  attract  diff'erent  amounts  of  distilled  water 
"^'^''^"^1"  the  membrane,  i.e.,  a  known  weight  of  a  soluble  substance  (in  the 
Fig.  215.        ilask)  can  be  exchanged  by  cndosmosis  for  a  definite  weight  of  water.  The 
Endosmometer.    term  "endosmotic  equivalent"  indicates  the  weight  of  distilled  water  that 
passes  into  the  flask  of  the  endosmometer,  in  exchange  for  a  known  weight 
of  the  soluble  substance  {.Jolly).    For  1  grm.  alcohol  4 "2  grms.  water  were  exchanged;  while 
for  1  grm.  NaCl,  4-3  grms.  water  passed  into  the  endosmometer.    The  following  numbers  give 
the  endosmotic  equivalent  of 

Acid  potassium  sulphate,  .  =2*3  Magnesium  sulphate,.  .  =11*7 

Common  salt,       .       .  .  =4*3  Potassium  sulphate,  .  .  =12-0 

Sugar,  .       .       .       .  .  =7*1  Sulphuric  acid,  .       .  .  =  0*39 

Sodium  sulphate,  .       .  .  =11-6  Potassium  hydrate,    .  .  =215"0 

The  amount  of  the  substance  which  passes  through  the  membrane  into  the  water  of  the  cylin- 
der is  ju-oportional  to  the  concentration  of  the  solution.  If  the  water  in  the  cylinder,  there- 
fore, be  repeatedly  renewed,  the  cndosmosis  takes  place  more  rapidly  and  the  process  of  equili- 
bration is  accelerated.  The  larger  the  pores  of  the  membrane,  and  the  smaller  the  molecules  of 
the  substance  in  solution,  the  more  rapid  is  the  cndosmosis.  Hence,  the  rapidity  of  cndosmosis 
of  different  substances  varies,  e.g.,  the  rapidity  of  sugar,  sodium  sulphate,  common  salt,  and 
urea  is  in  the  ratio  of  1 :  1  "l :  5  :  9  "5. 

The  endosmotic  equivalent  is  not  constant  for  each  substance.  It  is  influenced  by — (1)  The 
temperature,  which,  as  it  increases,  generally  increases  the  endosmotic  equivalent.  (2)  It  also 
varies  with  the  degree  of  concentration  of  the  osmotic  solutions,  being  greater  for  dilute  solu- 
tions of  the  substances. 

If  a  substance  other  than  water  be  placed  in  the  cylinder,  an  endosmotic  current  occurs  on 
both  sides  until  complete  equality  is  obtained.  In  this  case,  the  currents  in  opposite  directions 
disturb  each  other.  If  two  substances  be  dissolved  in  the  water  in  the  flask  at  the  same  time 
they  diff'use  into  water  without  aff'ecting  each  other.  (3)  It  also  varies  with  membranes  of 
varying  porosit}'.  Common  salt,  which  gives  an  endosmotic  equivalent  with  a  pig's  bladder 
=  4-3,  gives  6-4  when  an  ox  bladder  is  used  ;  2-9  with  a  swimming  bladder  ;  and  20-2  Avith  a 
collodion  membrane. 

Colloids.— There  are  many  fluid-substances  which,  on  account  of  the  great  size  of  their 
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molecules,  do  not  pass,  or  pass  only  with  difficulty,  through  the  pores  of  a  membrane  impreg- 
nated with  gelatinous  bodies,  which  diffuse  slowly.  These  substances  arc  not  actually  in  a  true 
state  of  solution,  but  exist  in  a  very  dilute  condition  of  imbibition.  Such  substances  are  the 
fluid  proteids,  starches,  dextrin,  gum,  and  gelatin.  These  diffuse  when  no  septum  is  present, 
but  ditl'use  with  difiiculty  or  not  at  all  through  a  porous  septum.  Graham  called  these  sub- 
stances colloids,  because,  when  concentrated,  they  present  a  glue-like  or  gelatinous  appearance  ; 
further,  they  do  not  crystallise,  while  those  substances  which  diffuse  readily  are  crystalline,  and 
are  called  crystalloids.  Crystallisable  substances  may  be  separated  from  non-crykallisable  by 
this  process,  which  Graham  called  dialysis.  Mineral  salts  favour  the  passage  of  colloids  through 
membranes. 

That  endosmosis  takes  place  in  the  intestinal  tract,  through  the  mucous 
membrane  and  the  delicate  membranes  of  the  blood  and  lymph-capillaries,  cannot 
be  denied.  On  the  one  side  of  the  membrane,  within  the  intestine,  are  relatively 
concentrated  solutions  of  highly  diffusible  salts,  peptones,  sugar,  and  soaps,  and 
within  the  blood-vessels  are  the  colloids  which  are  scarcely  diffusible,  e.g.,  the  pro- 
teids of  blood  and  lymph, 

n.  Filtration  is  the  passage  of  fluids  through  the  coarse  intermolecular  pores  of  a  membrane 
owing  to  pressure.  The  greater  the  pressure,  and  the  larger  and  more  numerous  the  pores,  the 
niore  rapidly  does  the  fluid  pass  through  the  membrane  ;  increase  of  temperature  also  accelerates 
it.  Those  substances  which  are  imbibed  by  the  membrane  filter  most  rapidly,  so  that  the  same 
substance  filters  through  ditlercnt  membranes  with  varying  rapidity.  The  filtration  is  usually 
slower,  the  greater  the  concentration  of  the  fluid.  The  filter  has  the  property  of  retaining  some 
of  the  substances  from  the  solution  passing  through  it,  e.g.,  colloid  substances — or  water  (in 
dilute  solutions  of  nitre).  In  the  former  case,  the  filtrate  is  more  dilute,  in  the  latter  more 
concentrated,  than  before  filtration.  Other  substances  filter  without  undergoing  any  change  of 
concentration.  Slany  membranes  behave  differently,  according  to  which  surface  is  placed  next 
the  fluid  ;  thus  the  shell-membrane  of  an  egg  permits  filtration  only  from  without  inwards  ; 
[and  the  same  is  true  to  a  much  less  extent  with  filter-paper  ;  the  smooth  side  of  the  filter- 
paper  ought  always  to  be  placed  next  the  fluid  to  be  filtered.  The  intact  skin  of  the  grape  pre- 
vents the  entrance  of  fungi  into  the  fruit].  There  is  a  similar  difference  M'ith  the  gastric  and 
intestinal  mucous  membrane. 

[By  using  numerous  layers  of  filter-paper,  many  colloids  and  crystalloids  are  retained  in  the 
filter,  e.g.,  haemoglobin,  albumin,  and  many  colouring  matters,  especially  aniline  colours,  the  last 
being  arrested  by  glass-wool  {Krysinski).] 

[Filtration  of  Albumin. — Runeberg  finds  that  the  amount  of  albumin  in  pathological  transu- 
dations varies  with  (1)  the  capillary  area,  being  least  in  adema  of  the  subcutaneous  tissue. 
(2)  The  presence  or  absence  of  inflammatory  processes  in  the  vascular  wall,  non-inflammatory 
pleuritic  effusion  containing  2  per  cent.,  and  inflammatory  6  per  cent.,  of  albumin.  (3)  The  con- 
dition and  amount  of  albumin  in  the  bbood.  The  amount  of  albumin  in  the  transudate  never 
reaches,  although  it  sometimes  approaches,  that  in  blood.  In  ascites  in  general  dropsy  the 
amount  is  "03  to  '04  per  cent.  (4)  The  dxiration  of  the  transudation.  (5)  Perhaps  the  blood- 
pressure  and  the  condition  of  the  circulation.] 

Filtration  of  the  soluble  substance  may  take  place  from  the  canal  of  the 
digestive  tract  when  : — (1)  The  intestine  contracts  and  thus  exerts  pressure  upon  its 
contents.  This  is  possible  when  the  tube  is  narrowed  at  two  points,  and  the  mus- 
culature between  these  two  points  contracts  upon  the  fluid-contents.  (2)  Filtration, 
under  negative  pressure,  may  be  caused  by  the  villi  {Brikl-e).  When  the  villi  con- 
tract energetically,  they  empty  their  contents  towards  the  blood-  and  lymph-vessels. 
The  lacteal  remains  empty,  as  the  chyle  is  prevented  from  passing  backwards  into  the 
origin  of  the  lacteal  within  the  villi,  owing  to  the  presence  of  numerous  valves  in 
the  lymphatics.  When  the  villi  relax,  they  are  refilled  with  fluids  from  the  intes- 
tine. 

192.  ABSORPTION  BY  THE  INTESTINAL  WALL.— I.  True  solutions 

undoubtedly  pass  by  endosmosis  into  the  blood-vessels  and  lymphatics  of  the 
intestinal  walls,  but  numerous  facts  indicate  that  the  protoplasm  of  the  cells  takes 
an  active  part  in  the  process  of  absorption.  The  forces  concerned  have  not  as  yet 
been  proved  to  be  purely  physical  and  chemical  in  their  nature. 

(1)  Inorganic  Substances. — Water  and  the  soluble  salts  necessary  for  nutri- 
tion are  easily  absorbed,  the  latter  especially  by  the  blood-  and  lymph-vessels. 
When  saline  solutions  pass  by  endosmosis  into  the  vessels,  water  must  pass  from 
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the  intestinal  vessels  into  the  intestine.  The  amount  of  water,  however,  is  small, 
owing  to  the  small  endosmotic  equivalent  of  the  salts  to  be  absorbed.  More  salts 
are  absorbed  from  concentrated  than  from  dilute  solutions.  If  large  quantities  of 
salt,  with  a  high  endosmotic  equivalent,  e.g.,  magnesium  or  sodium  sulphate,  are 
introduced  into  the  intestine,  these  salts  retain  the  water  necessary  for  their  solu- 
tion, and  may  thus  cause  diarrhoea.  Conversely,  when  these  substances  are  injected 
into  the  blood,  a  large  quantity  of  water  passes  from  the  intestine  into  the  blood, 
so  that  constipation  occurs,  owing  to  dryness  of  the  intestinal  contents  (Aubert). 

[M.  Hay  concludes  from  his  experiments  (§  161),  that  salts,  when  placed  in  the  intestines, 
do  not  abstract  water  from  the  blood,  or  are  themselves  absorbed,  in  virtue  of  an  endosmotic 
relation  being  established  between'the  blood  and  the  saline  solution  in  the  intestines.  Absorp- 
tion is  probably  due  to  the  filtration  and  diffusion,  or  processes  of  inhibition  other  than  endos- 
mosis,  as  yet  little  understood.  The  result  obtained  by  Aubert,  which  is  not  constant,  is  mostly 
caused  by  the  great  diuresis  which' the  injected  salt  excites.]  The  absorption  of  fluids  takes 
place  best  at  a  medium  pressure  of  80  to  140  c.cm.  of  water  within  the  intestine  ;  higher  pressure 
compresses  the  blood-vessels  and  diminishes  the  absorption.  During  digestion,  owing  to  the 
dilatation  of  the  vessels,  absorption  is  more  rapid.  The  fact  that  0'.5  per  cent,  solution  of  NaCl 
is  absorbed  better  than  water,  and  soda  solution  than  potash  solution,  seems  to  show  that 
physical  forces  are  not  the  only  factors  concerned. 

Numerous  inorganic  substances,  which  do  not  occur  in  the  body,  are  absorbed  by  endosmosis 
from  the  intestine,  e.g.,  dilute  sulphuric  acid,  potassium  iodide,  chlorate,  and  bromide,  and 
many  other  salts. 

(2)  The  soluble  carbohydrates,  such  as  the  sugars,  of  which  the  chief  repre- 
sentatives are  dextrose  and  maltose,  with  a  relatively  high  endosmotic  equivalent. 
Cane-sugar  is  changed  by  a  special  ferment  into  invert-sugar  (§  18.3,  5).  Absorption 
appears  to  take  place  somewhat  slowly,  as  only  very  small  quantities  of  grape-sugar 
are  found  in  the  chyle  vessels,  or  the  portal  vein,  at  any  time.  According  to  v. 
Mering,  the  sugar  passes  from  the  intestine  into  the  rootlets  of  the  portal  vein  ; 
dextrin  also  occurs  in  the  portal  vein.  When  the  blood  of  the  portal  vein  is  boiled 
with  dilute  sulphuric  acid,  the  amount  of  sugar  is  increased.  The  amount  of  sugar 
absorbed  depends  upon  the  concentration  of  its  solution  in  the  intestine  ;  hence  the 
amount  of  sugar  in  the  blood  is  increased  after  a  diet  containing  much  of  this  sub- 
stance, so  that  it  may  appear  in  the  urine ;  in  which  case  the  blood  must  contain  at 
least  0"6  per  cent,  of  sugar,  A  small  amount  of  cane-sugar  has  also  been 
found  in  the  blood  {CI.  Bernard).  The  sugar  is  used  up  in  the  bodily  metabolism  ; 
some  of  it  is  perhaps  oxidised  in  the  muscles  (§  176). 

(3)  The  peptones  have  a  small  endosmotic  equivalent,  a  2  to  9  per  cent,  solution 
=  7  to  10.    Owing  to  their  great  diffusibility  they  are  readily  absorbed,  and  they 
are  the  chief  representatives  of  the  proteids  which  are  absorbed.    The  amount 
absorbed  depends  upon  the  concentration  of  their  solution  in  the  intestine.  When 
animals  are  fed  on  peptones  (with  the  necessary  fat  or  sugar),  they  serve  to  maintain 
the  body- weight.    [According  to  Pl6sz  and  Gyorgyai,  Drosdorff  and  Schmidt- 
Mulheim,  peptones  occur  only  in  traces  in  the  blood  of  the  portal  vein.  Neumeister, 
however,  using  the  best  methods,  finds  that  although  peptones  are  abundant  in  the 
intestine,  not  a  trace  of  peptone  or  of  the  albumoses  is  found  either  in  the  blood  or 
lymph.    This  coincides  with  Hofmeister's  researches,  and  is  of  course  opposed  to 
the  results  of  the  above-named  observers.     As  no  peptones  or  albumoses  have  been 
found  in  the  blood,  and  as  they  can  compensate  for  the  total  metabolism  of  the 
proteids  wdthin  the  body,  we  must  assume  that  they  are  rapidly  converted  into 
true  albuminous  bodies.]    Hofmeister  supposes  that  the  leucocytes  absorb  the 
peptones  and  act  as  their  carriers,  much  as  the  red  corpuscles  are  oxygen  carriers. 
They  carry  the  peptones  into  the  mucous  membrane  of  the  stomach  and  small 
intestine,  which  are  very  rich  in  peptone  at  the  fourth  hour  of  digestion.  [The 
number  of  leucocytes  is  greatly  increased  in  the  mucous  membrane,  especially  in 
the  stomach  and  upper  part  of  the  duodenum,  during  digestion,  and  diminished 
during  fasting  in  dogs  and  cats.    The  same  is  the  case  with  the  lymph-follicles,  the 
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cells  of  Avhich  are  formed  by  the  division  of  the  pre-existing  cells.]  It  is  asserted 
by  Sal  viol  i  that  the  mucous  membrane  possesses  the  property  of  changing  peptone 
into  albumin, 

[Injection  of  Peptone  into  Blood.— When  peptone  is  injected  into  the  blood  of  an  animal, 
within  twenty  minutes  thereafter  no  trace  of  the  peptone  is  to  be  found  in  the  blood,  although 
it  has  not  been  excreted  by  any  of  the  organs.  Peptones  so  injected  prevent  the  blood  of  the 
dog  (not  of  the  rabbit  or  pig)  from  coagulating,  la  large  quantity  they  are  fatal.  Fano  asserts 
that  the  peptone  is  taken  up  by  the  red  blood-corpuscles,  which  thus  become  of  greater  specilic 
gravity,  and  change  it  into  globulin.  After  three  or  more  hours  the  corpuscles  return  the 
globulin  to  the  blood,  so  that  the  corpuscles  represent  a  reserve  store  of  proteid.  The  peptones 
used  in  these  experiments  were  really  a  mixture  of  peptones  and  albumoses.  Neumeister  finds 
that  in  the  dog,  when  albumoses  are  injected  into  the  blood  they  reappear  in  the  urine,  but 
somewhere  in  the  body  they  undergo  hydration  in  the  sense  in  which  peptic  digestion  causes 
hydration.  The  two  primary  albumoses  reappear  almost  completely  as  deutero-albumose,  and 
ileutero-albumose,  when  introduced,  reappears  as  peptone.  Peptone,  however,  reappears  un- 
changed.   In  rabbits,  albumose  reappears  unchanged  in  the  urine.] 

(4)  Unchanged  true  proteids  filter  with  great  difficulty,  and  much  albumin 
remains  upon  the  filter.  On  account  of  their  high  endosmotic  equivalent  they  pass 
with  extreme  slowness,  and  only  in  traces,  through  membranes.  Nevertheless,  it 
has  been  conclusively  proved  that  unchanged  proteids  can  be  absorbed  (Briich'), 
e.ff.,  casein,  soluble  myosin,  alkali-albuminate,  albumin  mixed  with  common  salt, 
gelatin  (Voit,  Bauer,  Eichhorst).  They  are  absorbed  even  from  the  large  intestine 
{Czerny  and  Latschenherger),  although  the  human  large  intestine  cannot  absorb 
more  than  6  grms.  daily.  But  the  amount  of  unchanged  proteids  absorbed  is 
always  very  much  less  than  the  amount  of  peptone. 

Egg-albumin  without  common  salt,  syntonin,  serum -albumin,  and  fibrin  are  not  absorbed 
{Eichhorst).  Landois  observed,  in  the  case  of  a  young  man  who  took  the  whites  of  14  to  20 
«ggs  along  with  NaCl,  that  albumin  was  given  off  by  the  urine  for  4  to  10  hours  thereafter. 
The  amount  of  albumin  given  off  rose  until  the  third  day,  and  ceased  on  the  fifth  day.  The 
more  albumin  taken,  the  sooner  the  albuminuria  appeared,  and  the  longer  it  lasted.  The 
unchanged  egg-albumin  reappeared  in  the  urine.  If  egg-albumin  be  injected  into  the  blood, 
part  of  it  reappears  in  the  urine  (§  41,  2)  [Stokvis,  Lchmann). 

(5)  The  soluble  fat-soaps  represent  only  a  fraction  of  the  fats  of  the  food  which 
are  absorbed  ;  the  greater  part  of  the  neutral  fats  being  absorbed  in  the  form  of 
very  fine  particles — as  an  emulsion  192,  II.).  The  abso7'bed  .^oaps  have  been  found 
in.  the  chyle,  and  as  the  blood  of  the  portal  vein  contains  more  soaps  during  digestion 
than  during  hunger,  it  has  been  assumed  that  the  soaps  pass  into  the  intestinal 
blood-capillaries.  The  investigations  of  Lenz,  Bidder,  and  Schmidt,  render  it 
probable  that  the  organism  can  absorb  only  a  limited  amount  of  fat  within  a  given 
period  ;  the  amount  perhaps  bears  a  relation  to  the  amount  of  bile  and  pancreatic 
juice.    The  maximum  per  kilo,  (cat)  was  0"6  grms.  of  fat  per  hour. 

Perhaps  the  soaps  reunite  with  glycerine  in  the  parenchyma  of  the  villi,  to  form 
neutral  fats,  as  Perewoznikoff  and  Will  found  neutral  fats,  after  injecting  these  two 
ingredients  into  the  intestinal  canal,  while  Ewald  found  that  fat  was  formed  when 
soaps  and  glycerine  were  brought  into  contact  with  the  fresh  intestinal  mucous 
membrane.  Perhaps  this  is  the  explanation  of  the  observation  of  Bruch,  who 
found  fatty  particles  within  the  blood-vessels  of  the  villi.  No  fatty-acids  are 
found  in  blood,  or  chyle. 

Absorption  of  other  Substances. — Of  soluble  substances  which  are  introduced  into  the  intes- 
tinal canal,  some  are  absorbed  and  others  are  not.  The  following  are  absorbed  : — alcohol,  part 
of  which  appears  in  the  urine  (not  in  the  expired  air),  viz.,  that  part  which  is  not  changed  into 
CO.,  and  B.,0,  Avithin  the  body  ;  tartaric,  citric,  malic,  and  lactic  acids  ;  glycerine,  inulin  ;  gum 
and  vegetable  mucin,  which  give  rise  to  the  formation  of  glycogen  in  the  liver. 

Amongst  colouring  matters,  alizarin  (from  madder),  alkannct,  indigo-sulphuric  acid,  and  its 
soda-salt  are  absorbed;  hffimatin  is  partly  absorbed,  while  chlorophyll  is  not.  Metallic  salts 
seem  to  be  kept  in  solution  by  proteids,  are  perhaps  absorbed  along  with  them,  and  are  partly 
carried  by  the  blood  of  the  portal  vein  to  the  liver  (ferric  sulphate  has  l)een  found  in  chyle). 
Numerous  poisons  are  very  rapidly  absorbed,  c.cj.,  hydrocyanic  acid  after  a  few  seconds  ;  potas- 
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siuni  cyanide  has  been  found  in  the  chyle.  [If  salts  (KI,  sulphocyanide  of  ammonium)  be 
injected  into  a  ligatured  loop  of  intestine  (dog,  cat,  rabbit),  these  substances  are  absorbed  both 
by  the  blood-  and  lymph -vessels,  and  in  both  nearly  simultaneously.]  Even  for  the  absorption 
of  completely  iiuid  substances,  endosmosis  and  filtration  seem  to  be  scarcely  sufficient.  An 
active  participation  of  the  protoplasm  of  the  cells  seems  here  also — in  part  at  least — to  be 
necessary,  else  it  is  diflicult  to  explain  how  very  slight  disturbances  in  the  activity  of  these 
cells,  e.cj.,  from  intestinal  catarrh,  cause  sudden  variations  of  absorption,  and  even  the  passage 
of  lluids  into  the  intestine. 

If  absorption  were  due  to  diffusion  alone,  when  alcohol  is  injected  into  the  intestine,  water 
ought  to  pass  into  the  intestine,  but  this  does  not  occur.  Brieger  found  that  the  injection  of  a 
0-5  to  1  per  cent,  solution  of  salts  into  a  ligatured  loop  of  intestine  did  not  cause  water  to  pass 
into  the  intestine ;  but  it  appeared  when  a  20  per  cent,  solution  was  injected. 

II.  Absorption  of  the  Smallest  Particles. — The  largest  amount  of  the  fats  is 
absorbed  in  the  form  of  a  milk-like  emulsion,  formed  by  the  action  of  the  bile  and 
the  pancreatic  juice,  and  consisting  of  excessively  small  granules  of  uniform'  size 
(§  170,  III.;  §  181).  The  fats  themselves  are  not  chemically  changed,  but  remain 
as  undecomposed  neutral  fats.  The  particles  seem  to  be  surrounded  by  a  delicate 
albuminous  envelope,  or  haptogen  membrane,  partly  derived  from  the  pancreatic 
juice  [probably  from  its  alkali-albuminate].  The  villi  of  the  small  intestine  are 
th§  chief  organs  concerned  in  the  absorption  of  the  fatty  emulsion,  but  the  epithe- 
lium of  the  stomach  and  that  of  the  large  intestine  also  take  a  part.  The  fatty 
granules  are  recognised  in  the  villi — (1)  Within  the  delicate  canals  1  (§  190)  in  the 
clear  band  of  the  epithelium  {Kdlliher).  [It  is  highly  doubtful  if  the  vertical  lines 
seen  in  the  clear  disc  of  the  epithelium  of  the  intestine  are  due  to  pores.]  (2)  The 
protoplasm  of  the  epithelial  cells  is  loaded  with  fatty  granules  of  various  sizes 
during  the  time  of  absorption,  while  the  nuclei  of  the  cells  remain  free,  although, 
from  the  amount  of  fat  within  the  cells,  it  is  often  difficult  to  distinguish  them. 
(3)  The  granules  pass  into  the  spaces  of  the  parenchyma  of  the  villi ;  these  spaces 
communicate  freely  with  each  other.  (4)  The  origin  of  the  lacteal  in  the  axis  of 
the  villus  is  found  to  be  filled  with  fatty  granules.  The  amount  of  fat  in  the  chyle 
of  a  dog,  after  a  fatty  meal,  is  8  to  10  per  cent.,  while  the  fat  disappears  from  the 
blood  within  thirty  hours. 

With  regard  to  the  forces  concerned  in  the  absorption  of  fats,  v.  Wisting- 
hausen  proved,  that  when  a  porous  membrane  is  moistened  with  bile,  the  passage 
of  fatty  particles  through  it  is  thereby  facilitated,  but  this  fact  alone  does  not  ex- 
plain the  copious  and  rapid  absorption  of  fats.    It  is  possible  that  the  protoplasm 
of  the  epithelial  cells  is  actively  concerned  in  the  process,  and  that  it  takes  the 
particles  into  its  interior.    Perhaps  a  fine  protoplasmic  process  is  thrown  out  by 
these  cells,  just  as  pseudopodia  are  thrown  out  and  retracted  by  lower  organisms. 
It  is  possible  that  absorption  may  take  place  through  the  open  mouths  of  the 
goblet-cells.    The  protoplasm  of  the  epithelial  cells  is  in  direct  communication  with 
the  numerous  protoplasmic  lymph-cells  within  the  reticulum  of  the  villi,  so  that  the 
particles  may  pass  into  these,  and  from  them  through  the  stomata  (?)  between  the 
endothelial  cells  into  the  central  lacteal  of  the  villus.    According  to  this  view,  the 
absorption  of  fatty  particles,  and  perhaps  also  the  absorption  of  true  proteids,  is 
due  to  an  active  vital  process,  as  indicated  by  the  observations  of  Briicke  and  v. 
Thanhoffer.    This  view  is  supported  by  the  observation  of  Griinhagen,  that  the 
absorption  of  fatty  particles  in  the  frog  is  most  active  at  the  temperature  at  which 
the  motor  phenomena  of  protoplasm  are  most  lively.    That  it  is  due  to  simple 
filtration  alone  is  not  a  satisfactory  explanation,  for  the  amount  of  fatty  particles 
in  the  chyle  is  independent  of  the  amount  of  water  in  it.    If  absorption  were  chiefly 
due  to  filtration,  we  would  expect  that  there  would  most  probably  be  a  direct  re- 
lation between  the  amount  of  water  and  fat  {Luclwig  and  Zaivilsky).  [The 
observations  of  Watney  have  led  him  to  suppose  that  the  fatty  particles  do  not 
pass  through  the  cell  protoplasm  to  reach  the  lacteal,  but  that  they  pass  through 
the  cement-substance  between  the  epithelial  cells  covering  a  villus.    If  this  view  be 
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correct,  the  absorbing  surface  is  thereby  greatly  diminished.  Zuwarykin  and 
Schiifer  suggest  that  the  leucocytes,  which  have  been  observed  between  the  columnar 
cells  of  the  villi  of  the  small  intestine,  are  carriers  of  at  least  part  of  the  fat  from 
the  lumen  of  the  gut  to  the  lacteal ;  they  also,  perhaps,  alter  it  for  further  use  in  the 
economy.  According  to  Zuwarykin,  Peyer's  patches  in  the  rabbit  seem  to  be 
especially  active  in  the  absorption  of  fat,  so  that  he  attaches  great  importance  to 
the  leucocytes  of  the  adenoid  tissue  in  the  absorption  of  fat,] 

[According  to  Griinhagen  there  are  several  channels  for  the  absorption  of  fats,  but  they  are 
different  in  different  animals.  Some  are  absorbed  by  the  colunmar  epithelium  cells  themselves, 
iiud  some  passes  between  them.] 

The  activity  of  the  cells  of  the  intestine  with  pseudopodial  processes  may  be  studied  in  the 
intestinal  canal  of  Distomum  hepaticum.  Sommer  has  figured  these  pseudopodial  processes 
actively  engaged  in  the  absorption  of  particles  from  the  intestine. 

193.  INFLUENCE  OF  THE  NERVOUS  SYSTEM.— With  regard  to  the 
influence  of  the  nervous  system  upon  intestinal  absorption,  we  know  very  little. 
After  extirpation  of  the  semi-lunar  ganglion,  as  well  as  after  section  of  the  mesen- 
teric nerves  {Moreau),  the  intestinal  contents  become  more  fluid,  and  are  increased 
in  amount  (§  183).  This  may  be  partly  due  to  diminished  absorption.  V.  Than- 
hoffer  states  that  he  observed  the  protrusion  of  threads  from  the  epithelial  cells  of 
the  small  intestine  only  after  the  spinal  cord,  or  the  dorsal  nerves,  had  been  divided 
for  some  time. 

194.  "  NUTRIENT  ENEMATA."— In  cases  where  food  cannot  be  taken  by  the  mouth,  e.g., 
in  stricture  of  the  (esophagus,  continued  vomiting,  &c.,  food  is  given  per  rectum.  As  the  diges- 
tive activity  of  the  large  intestine  is  very  slight,  fluid  food  ought  to  be  given  in  a  condition 
ready  to  be  absorbed,  and  this  is  best  done  by  introducing  it  into  the  rectum  through  a  tube 
with  a  funnel  attached,  and  allowing  the  food  to  pass  in  slowly  by  its  own  weight.  The  patient 
must  endeavour  to  retain  the  enema  as  long  as  possible.  When  the  fluid  is  slowly  and  gradu- 
ally introduced,  it  may  pass  above  the  ileo-crecal  valve. 

Solutions  of  grape-sugar,  and  perhaps  a  small  amount  of  soap  solution,  are  useful ;  and 
amongst  nitrogenous  substances  the  commercial  flesh-,  bread-,  or  milk-peptones  of  Sanders-Ezn, 
Adamkiewicz,  in  Germany,  and  Darby's  fluid  meat,  and  Carnrick's  beef-peptonoids  in  this 
country,  are  to  be  recommended.  The  amount  of  peptone  required  is  I'llgrm.  per  kilo,  of 
body- weight  {Catillon) ;  less  useful  are  butter-milk,  egg-albumin  with  common  salt.  Leube 
uses  a  mixture  of  150  grms.  flesh,  with  50  grms.  pancreas  and  100  grms.  water,  which  he 
slowly  injects  into  the  rectum,  where  the  proteids  are  peptonised  and  absorbed.  [Peptonised 
food  prepared  after  the  method  of  Roberts  is  very  useful  (§  172).]  The  method  of  nutrient 
enemata  only  permits  imperfect  nutrition,  and  at  most  only  \  of  the  proteids  necessary  for 
maintaining  the  metabolism  of  the  body  is  absorbed  {v.  Voit,  Bauer). 

195.  CHYLE-VESSELS  AND  LYMPHATICS.— Lymphatics.— Within  the  tissues  of  the 
body,  and  even  in  those  tissues  wliich  do  not  contain  blood-vessels,  e.g.,  the  cornea,  or  in  those 
which  contain  few  blood-vessels,  there  exists  a  system  of  vessels  or  channels  which  contain  the 
juices  of  the  tissues,  and  within  these  vessels  the  fluid  always  moves  in  a  centripetal  direction. 
These  canals  arise  within  the  tissues  in  a  variety  of  ways,  and  unite  in  their  course  to  form 
delicate  and  afterwards  thicker  tubes,  which  ultimately  terminate  in  two  large  trunks  which 
open  at  the  junction  of  the  jugular  and  subclavian  veins  ;  that  on  the  left  side  is  the  thoracic 
duct,  and  that  on  the  right,  the  right  lymphatic  trunk. 

With  regard  to  the  lymph  and  its  movements  in  different  organs,  it  is  to  be  noticed 
that  this  occurs  in  different  ways  in  different  places.  (1)  In  many  tissues,  the  lymph- 
atics represent  the  nutrient  channels,  by  which  the  fluid  that  transudes  through  the 
neighbouring  vessels  is  distributed,  as  in  the  cornea  and  in  many  connective-tissues. 
(2)  In  many  tissues,  as  in  glands,  e.g.,  the  salivary  glands  and  the  testis,  the  lymph- 
spaces  are  the  chief  reservoirs  for  fluid,  from  which  the  cells  during  the  act  of 
secretion  derive  the  fluid  necessary  for  that  process.  (3)  The  lymphatics  have  the 
general  function  of  collecting  the  fluid  which  saturates  the  tissues,  and  carrying  it 
back  again  to  the  blood.  The  capillary  blood-system  may  be  regarded  as  an  irriga- 
tion system,  which  supplies  the  tissues  with  nutrient  fluids,  while  the  lymphatic 
system  may  be  regarded  as  a  drainage  apparatus,  which  conducts  away  the  fluids 
that  have  transuded  through  the  capillary  walls.    Some  of  the  decomposition  pro- 


302 


ORIGIX  OF  THE  LYMPHATICS. 


ducts  of  the  tissues,  proofs  of  their  retrogressive  metabolism,  become  mixed  with 
the  lymph-stream,  so  that  the  lymphatics  are  at  the  same  time  absorbing  vessels. 
Substances  introduced  into  the  parenchyma  of  the  tissues  in  other  ways,  e.g.,  by 
subcutaneous  injection,  are  partly  absorbed  by  the  lymphatics.  A  study  of  these 
conditions  shows  that  the  lymphatic  system  represents  an  appendix  to  the  blood- 
vascular  system,  and  further  that  there  can  be  no  lymph  system  when  the  blood- 
stream is  completely  arrested ;  it  acts  only  as  a  part  of  the  whole,  and  with  the  whole. 

Lacteals. — When  we  speak  of  the  lymphatics  proper  as  against  the  chyle-vesseh 
or  lacteals,  we  do  so  from  anatomical  reasons,  because  the  important  and  consider- 
able lymphatic  channels  coming  from  the  whole  of  the  intestinal  tract  are,  in  a 
certain  sense,  a  fairly  independent  province  of  the  lymphatic  vascular  area,  and  are 
endowed  with  a  high  absorptiye  activity/,  which,  from  ancient  times,  has  attracted 
the  notice  of  observers.  The  contents  of  the  chyle-vessels  or  lacteals  are  mixed 
with  a  large  amount  of  fatty  granules,  giving  the  chyle  a  tvhite  colour,  which  dis- 
tinguishes them  at  once  from  the  true  lymphatics  with  their  clear  watery  contents. 
From  a  physiological  point  of  view,  however,  the  lacteals  must  be  classified  with 
the  lymphatics,  for,  as  regards  their  structure  and  function,  they  are  true  lymphatics, 
and  their  contents  consist  of  true  lymph  mixed  with  a  large  amount  of  absorbed 
substances,  chiefly  fatty  granules.  [The  contents  of  the  lacteals  are  white  only 
during  digestion,  at  other  times  they  are  clear  like  lymph.] 

196.  OEIGIN  OF  THE  LYMPHATICS.— (1)  Origin  in  Spaces. —Within  the  connective- 
tissues  (connective-tissue  proper,  bone)  are  numerous  stellate,  irregular,  or  branched  spaces, 

which  communicate  with  each  other  by 
numerous  tubular  pi'ocesses  (fig.  216,  s) ; 
in  these  commuuicating  spaces  lie  the 
cellular  elements  of  these  tissues.  These 
spaces,  however,  are  not  completely  filled 
by  the  cells,  but  an  interval  exists  between 
the  body  of  the  cell  and  the  wall  of  the 
space,  which  is  greater  or  less  according 
to  the  condition  of  movement  of  the  proto- 
plasmic cell.  These  spaces  are  the  so- 
called  "juice  canals"  or  Saft-canalchen," 
and  they  represent  the  origin  of  the  lym- 
phatic vessels  {v.  Recklinghausen).  As 
they  communicate  with  neighbouring 
spaces,  the  movement  of  the  lymph  is 
provided  for.  The  cells  which  lie  in  the 
spaces  exhibit  ama?.boid  movements. 
Some  of  these  cells  remain  permanently 
each  in  its  own  space,  within  which, 
however,  it  may  change  its  form — these 
are  the  so-called  "fixed  connective- 
tissue  corpuscles,"  and  bone  corpuscles — 
while  others  merely  wander  or  pass  into 
these  spaces,  and  are  called  ' '  wandering 
cells,"  or  "leucocytes";  but  the  latter 
„  .  .  1         ^  ,    ,  .     ,  ,    are  merely  lymph-corpuscles,  or  colourless 

Ongm  of  lymphatics  from  the  central  tendon  of  the  blood-corpuscles  which  have  passed  out  of 
diaphragm  stained  with  nitrate  of  silver,  s  the  the  blood-vessels  into  the  origin  of  the 
juice-canals,  communicating  at  x  with  the  lym- lymphatics.  These  cells  exhibit  amoeboid 
phatics  ;  a,  origin  of  the  lymphatics  by  the  couflu-  movements.  These  spaces  communicate 
ence  of  several  juice-canals.  ,,.itl,        g^^ll  tubular  lymphatics-the 

so-called  lymph-capillaries  (L).  The  spaces  lie  close  together,  where  they  pass  into  a  lymph- 
capillary  (a).  The  lymph-capillary,  which  is  usually  of  greater  diameter  than  the  blood- 
capillary,  generally  lies  in  the  middle  of  the  space  within  the  capillary  arch  (B).  The  finest 
lymphatics  are  lined  by  a  layer  of  delicate,  nucleated,  endothelial  cells  (e,  e),  with  characteristic 
sinuous  margins,  whose  characters  are  easily  revealed  by  the  action  of  silver  nitrate  (fig.  217,  L). 
Tiiis  substance  blackens  the  cement-substance  which  holds  the  endothelial  cells  together. 
Between  the  endothelial  cells  are  small  holes,  or  stomata,  by  means  of  which  the  lymph-capil- 
laries communicate  (at  a;),  with  the  juice-canals. 


Fig.  216. 


ORIGIN  OF  THE  LYMPHATICS. 


It  is  assumed  by  Arnold  that  the  blood-vessels  communicate  with  the  juice-canals,  and  that 
fluid  passes  out  of  the  thin-walled  capillaries  through  their  stomata  into  these  spaces  (§  65). 
This  fluid  nourishes  the  tissues,  the  tissues  take  up  the  substances  appropriate  to  each,  while 
the  eflete  materials  pass  back  into  the  simces,  and  from  these  reacli  the  lymphatics,  which 
ultimately  discharge  them  into  the  venous  blood. 

Whether  the  cells  within  these  spaces  are  actively  concerned  in  the  pouring  out  of  the  blood- 
plasma,  or  take  part  in  its  movement,  is  matter  of  conjecture.  We  can  imagine  that  by  con- 
tracting their  body,  after  it  has 
been  impregnated  with  fluid,  this 
fluid  may  be  propelled  from  space 
to  space  towards  the  lymphatics. 
The  leucocytes  wander  through 
these  spaces  until  they  pass  into 
the  lymphatics.  Fine  particles 
which  are  contained  in  these  spaces 
— e.g.,  after  tattooing  the  skin, 
and  even  fatty  particles  after  in- 
unction —  are  absorbed  by  the 
leucocytes,  and  carried  by  them  to 
other  j)arts  of  the  body.  [The 
pigment  particles  used  to  tattoo  the 
finger  are  usually  found  within  the 
first  lymphatic  gland  at  the  elbow.] 

The  migration  of  cellular 
elements  from  the  blood-vessels 
into  the  origin  of  the  lym- 
phatics is  to  be  considered  as 
a  normal  process.  Granular 
colotiring-matter  passes  from 
the  blood  into  the  protoplasmic 
body  of  the  cells  within  the 
lymph-spaces  ;  and  only  when 
the  granular  pigment  is  in 
large  amount,  does  it  appear 
as  a  granular  injection  in  the 
branches  of  the  juice-spaces. 

(2)  Origin  within  villi — i.e.,  of  the  chyle  vessel  or  lacteal — has  been  described  (§  190). 

(3)  Origin  in  perivasciilar  spaces  (fig.  218). — The  smallest  blood-vessels  of  bone,  the  central 
nervous  system,  retina  and  the  liver,  are  completely  surrounded  by  wide  lymphatic  tubes,  so 
that  the  blood-vessels  are  completely  bathed  by  a  lymph-stream.  In  the  brain  these  lymphatics 
are  partly  composed  of  delicate  connective-tissue  fibres,  which  traverse  the  lymph-space  and 
become  attached  to  the  wall  of  the  included  blood-vessel.  Fig.  218,  B,  represents  a  transverse 
section  of  a  small  blood-vessel,  B,  from  the  brain  ;  p  is  the  divided  perivascular  space.  This 
space  is  called  the  perivascular  space  of  His,  but  in  addition  to  it  the  blood-vessels  of  the  brain 
have  a  lymph-space  within  the  adventitia  of  the  blood-vessels  ( Virchoio- Robin's  space).  It  is 
partly  lined  by  well-detined  endothelium.  Where  the  blood-vessels  begin  to  increase  consider- 
ably in  diameter,  they  pass  through  the  wall  of  the  lymphatics,  and  the  two  vessels  afterwards 
take  separate  courses.  In  all  cases,  where  there  is  a  perivascular  space,  the  passage  of  lymph- 
and  blood-corpuscles  into  the  lymphatics  is  greatly  facilitated.  In  tlie  tortoise  the  large  blood- 
vessels are  often  surrounded  with  perivascular  lymphatics.  Fig.  218,  A,  gives  a  representation 
of  the  aorta  surrounded  by  a  perivascular  space  which  is  visible  to  the  unaided  eye.  In  mam- 
mals the  perivascular  spaces  are  microscopic. 

(4)  Origin  in  the  form  of  interstitial  slits  within  organs. — Within  the  testis  the  lymphatics 
begin  simply  in  the  form  of  numerous  slits,  which  occur  between  the  coils  and  twists  of  the 
seminal  tubules.  They  take  the  form  of  elongated  spaces  bounded  by  the  curved  cylindrical 
surfaces  of  the  tubules.  The  surfaces,  however,  are  covered  with  endothelium.  The  lymphatics 
of  the  testis  get  independent  walls  after  they  leave  the  parenchyma  of  the  organ.  In  many 
other  glands  the  gland-substance  is  similarly  surroiinded  by  a  lymph-space.  The  blood-vessels 
pour  the  lymph  into  these  spaces,  and  from  them  the  secreting  cells  obtain  the  materials 
necessary  for  the  formation  of  their  secretion. 

(5)  Origin  by  means  of  free  stomata  on  the  walls  of  the  larger  serous  cavities,  which  (fig. 
219,  a)  communicate  freely  with  the  lymphatics.  The  investigation  of  the  serous  surfaces  is 
most  easily  accomplished  on  the  septum  of  the  great  abdominal  lymph-sac  of  the  frog.  Silver 


Fig.  217. 

Pleural  surface  of  the  central  tendon  of  the  diaphragm  of 
the  rabbit  stained  with  silver  nitrate.  L,  lymphatic  with 
its  sinuous  endothelium ;  c,  cells  of  the  connective-tissue 
brought  into  view  by  the  silver  nitrate. 
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nitrate  reveals  the  presence  of  relatively  large  free  openinccs  or  stomata  lying  between  the 
endothelium  Each  stoma  is  boumled  by  several  germinating  cells,  which  have  a  granular 
appearance,  and  undergo  a  change  of  shape,  so  that  the  size  of  the  stoma  depends  upon  the 
decrree  of  contraction  of  these  cells  ;  thus  the  stoma  may  be  open  (a),  half-open  {b),  or  com- 
pletely closed  (c).  These  stomata  are  the  origin  of  the  lymphatics.  The  serous  cavities 
■belong  therefore  to  the  lymphatic  system,  and  fluids  placed  in  the  serous  cavities  readily  pass 


Fig.  218.  Fig.  219. 

Perivascular  lymphatics.    A,  aorta  of  tortoise  ;  Stomata  in  the  great  lymph-sac  (frog). 

B,  artery  from  the  brain.  a,  open  ;  b,  half-closed  ;  c,  closed. 

into  the  lymphatics.  The  cavities  of  the  peritoneum,  pleura,  pericardium,  tunica  vaginalis, 
testis,  arachnoid  space,  aqueous  chambers  of  the  eye,  and  the  labyrinth  of  the  ear,  are  true  lymph- 
cavities,  and  the  fluid  they  contain  is  to  be  regarded  as  lymph.  [Hoffmann  has  found  that  a 
nerve-fibre  surrounds  the  stomata  in  the  frog  and  sends  branches  between  the  germinal  epi- 
thelium.] 

(6)  Free  open  pores  have  been  observed  on  some  nrncous  inemhranes,  which  are  regarded  as 
the  origin  of  lymphatics,  e.g.,  in  the  bronchi,  nasal  mucous  membrane,  trachea,  and  larynx. 

Structure. — The  larger  lymphatics  resemble  in  structure  the  veins  of  corresponding  size.  The 
valves  are  particularl)'^  numerous  in  the  lymphatics,  so  that  a  distended  lymphatic  resembles  a 
chain  of  pearls.    [Lymphatics  have  dilations  here  and  there  in  their  course  (fig.  217).] 

197.  THE  LYMPH-GLANDS.— The  lymphatic  glands  belong  to  the  lymph 
apparatus.    They  are  incorrectly  termed  glands,  as  they  are  merely  much  branched 

lacunar  labyrinthine  spaces 
composed  of  adenoid  tissue, 
and  intercalated  in  the  course 
of  the  lymphatic  vessels. 
There  are  simple  and  com- 
pound lymph-glands. 

(1)  The  simple  lymph-glands, 
D  or,  more  correctly,  lymph-follicles, 
are  small  rounded  bodies,  about 
the  size  of  a  pin-head.  They 
consist  of  a  mass  of  adenoid  tissue 
(tig.  220,  A),  i.e.,  of  a  very  delicate 
network  of  fine  reticular  fibres' 
with  nuclei  at  their  points  of 
intersection,  and  in  the  spaces  of 
Hole  highlv  macrnified        nieshwork  lie  the  lymph  and 
a  follicle"  less°hichlv  ^^^^•'y™!'^^"^^^'!"'"^'^^^^-    ^^^^r  the 


Fig.  220. 


Two  lymph-follicles.    A,  a  small 
showing  the  adenoid  reticulum 


foil 
B 


magnified,  showing  injected  blood-vessels.  °      surface,  the  tissue  is  somewhat 

1  •  1  •      .  1  ,  ,        .  .  denser,  where  it  forms  a  capsule 

which  IS  not  however  a  true  capsule,  as  it  is  permeated  with  numerous  small  sponge-like  spaces' 
Small  lymphatics  come  directly  into  contact  with  these  lymph-follicles,  and  often  cover  thek 
surface  in  the  form  of  a  close  network     The  surface  of  the  l/mph-follicies  is  not  unfre.ruently 
placed  m  the  wal   of  a  lymph- vessel,  so  that  it  is  directly  bathed  by  the  lymph-  tiS  n 
Although  no  direct  canal-hke  opening  leads  Irom  the  follicle  into  the  lymphatic  stream  Tn 


LYMPHATIC  GLANDS. 


relation  with  it,  a  conimunication  must  exist,  and  this  is  obtained  by  the  numerous  spaces  in  the 
follicle  Itself,  so  that  a  lymph-follicle  is  a  true  lymphatic  apparatus  whose  juices  and  lymph- 
corpuscles  cim  pass  into  the  nearest  lymphatic.  The  follicles  are  surrounded  by  a  network  of 
blood-vessels  which  sends  loops  of  capillaries  into  their  interior  (fig.  220,  B).  We  may  assume 
that  lyinph-corpuscles  pass  from  these  capillaries  into  the  follicle. 

In  connection  with  these  follicles,  including  those  of  the  back  of  the  tongue,  the  solitary 
glands  of  the  intestine  and  the  adenoid  tissue  in  the  bronchial  tract,  the  tonsils,  and  Peyer's 
]>atches,  it  is  important  to  remember  that  enormous  numbers  of  leucocytes  pass  out  between 
the  epithelial  cells  covering  these  follicles.  The  extruded  leucocytes  undergo  disintegration 
subsequently. 

(2)  The  compound  lymph-glands— the  lymphatic  glands— represent  a  collection  of  lymph- 
follicles,  whose  form  is  somewhat  altered.  Everv  lymph-gland  is  covered  externally  with  a 
connective-tissue  capsule  (fig.  221,  c),  which  contains  numerous  non-striped  muscular  fibres. 
From  its  inner  surface,  numerous 
septa  and  trabecul;^  (//•.)  pass  into  the 
interior,  so  that  the  gland-substance 
is  divided  into  a  large  number  of 
compartments.  These  compartments 
in  the  cortical  portion  of  the  gland 
have  a  somewhat  rounded  form,  and 
constitute  the  alveoli,  while  in  the 
medullary  portion  the)-  have  a  more 
elongated  and  irregular  form.  [On 
making  a  section  of  a  lymjih-gland 
we  can  readily  distinguish  the  cor- 
tical from  the  medullary  portion  of 
the  gland.]  All  the  compartments 
are  of  equal  dignity,  and  they  all 
communicate  with  each  other  by 
means  of  openings,  so  that  the  septa 
bound  a  rich  network  of  spaces 
within  the  gland,  which  communi- 
cate on  all  sides  with  each  other. 

These  spaces  are  traversed  by  the 
follicular  threads  (fig.  222,  /,  /). 
These  represent  the  contents  of  the 
spaces,  but  are  smaller  than  the 
spaces  in  which  they  lie,  and  do  not  Diagrammatic  section  of  a  lymphatic  gland,    a.l.,  afl'erent, 
come  into  contact  anywhere  with     c.L,  etlerent,  lymphatics;  C,  cortical  substance;  M, 
the   walls   of  the  spaces.    If  we     reticular  cords  of  medulla  ;  l.s,  lymph-sinus  ;  c,  capsule, 
imagine  the  spaces  to  be  injected     with  trabecule,  tr. 
with   a    mass,    which  ultimately 

shrinks  to  one-half  of  its  original  volume,  we  obtain  a  conception  of  the  relation  of  these 
follicular  threads  to  the  spaces  of  the  gland.  The  blood-vessels  of  the  gland  {b)  lie  within 
these  follicular  threads.  They  are  surrounded  by  a  tolerably  thick  crust  of  adenoid  tissue, 
with  very  fine  meshes  (x,  x)  filled  with  lymph-corpuscles,  and  with  its  surface  (0,  0)  covered  by 
the  cells  of  the  adenoid  reticulum,  in  such  a  way  as  to  leave  free  communications  through 
the  narrow  meshes. 

Between  the  surface  of  the  follicular  threads  and  the  inner  wall  of  all  the  spaces  of  the 
gland,  lies  the  lymph-channel  or  lymph-path  (B,  B),  Avhich  is  traversed  by  a  reticulum  of 
adenoid  tissue,  containing  relatively  few  lymph-corpuscles.  It  is  very  probable  that  these 
lymph-paths  are  lined  by  endothelium. 

The  vasa  afferentia  (fig.  221,  a./.),  of  which  there  are  usually  several,  expand  upon  the 
surface  of  the  gland,  jierforate  the  outer  cap.sule,  and  pour  their  contents  into  the  lymph-paths 
of  the  gland  (C).  The  vasa  efferentia,  which  are  less  numerous  than  the  afi'erentia,  and  come 
out  at  the  hilum,  form  large,  wide,  almost  cavernous  dilatations,  and  they  anastomose  near 
the  gland  (cl).  Through  them  the  lymph  passes  out  at  tlie  opposite  surface  of  the  gland. 
The  lymph  percolates  through  the  gland,  and  passes  along  the  lymph-paths,  which  represent 
a  kincl  of  rete  mirabilo  interposed  between  the  afierent  and  efferent  lymph-vessels. 

Duriiif;  its  passage  through  this  complicated  branched  system  of  spaces,  the  movement  of 
the  lymph  through  the  gland  is  retarded,  and,  owing  to  the  numerous  resistances  which  occur 
in  its  path,  it  has. very  little  propulsive  energy.  The  lymph-corpuscles  which  lie  in  the 
meshes  of  the  adenoid  reticulum  are  washed  out  of  the  gland  by  the  lymph-stream.  The 
lymph-corpuscles  lying  within  the  follicular  threads  pass  through  the  narrow  meshes  (o)  into 
the  lymph-paths.  The  formation  of  lymph-corpuscles  either  occurs  locally,  from  division  of 
the  pre-existing  cells,  or  new  leucocytes  wander  out  into  the  follicular  threads.  The  movement 
of  the  lymph  through  the  gland  is  favoured  by  the  muscular  action  of  the  capsule.    When  the 
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capsule  contracts  energetically,  it  must  compress  the  gland  like  a  sponge,  and  the  direction 
which  the  fluid  moves  is  regulated  by  the  position  and  arrangement  of  the  valves. 


Fig.  222. 

Part  of  a  lymphatic  gland.  A,  vas  afferens  ;  B,  B,  lymph-paths  ;  a,  a,  trabecuTie  seen  on 
edge  ;  /,  /,  follicular  strand  from  the  medulla  ;  x,  x,  its  adenoid  reticulum  ;  h,  its  blood- 
vessels ;  0,  0,  narrow-meshed  part  limiting  the  follicular  strands  from  the  lymph-path. 

Chemistry. — In  addition  to  the  constituents  of  lymph,  the  following  chemical  substances 
have  been  found  in  lymphatic  glands  : — -leucin  and  xanthin. 

198.  PROPERTIES  OF  CHYLE  AND  LYMPH.— Chyle  and  lymph  are 

albuminous,  colourless,  clear  juices,  containing  lymph-corpuscles,  which  are  identical 
with  the  colourless  blood-corpuscles     9).    In  some  places,  e.g.,  in  the  lymphatics 
of  the  spleen,  especially  in  starving  animals,  and  in  the  thoracic  duct,  a  few  coloured 
blood-corpuscles  have  been  found.    The  lymph-corpuscles  are  supplied  to  the  lymph 
and  chyle  from  the  lymphatic  glands  and  the  adenoid  tissue.    As  to  their  source 
see  §  200,  2.    They  also  pass  out  of  the  blood-vessels  and  wander  into  the 
lymphatics.    As  red  blood-corpuscles  have  also  been  seen  to  pass  out  of  the  blood- 
vessels, this  explains  the  occasional  presence  of  these  corpuscles  in  some  lymphatics; 
but  when  the  pressure  within  the  veins  is  high,  near  the  central  orifice  of  the 
thoracic  duct,  red  blood-corpuscles  may  pass  into  the  thoracic  duct.    P)Ut  we  are 
not  entitled  to  conclude  from  their  pressure  that  lymph-cells  form  red  blood- 
corpuscles.    In  addition,  the  chyle  contains  numerous  fatty  granules,  each  sur- 
rounded with  an  albuminous  envelope.    [Thus  the  chyle,  in  addition  to  the  con- 
stituents of  the  lymph,  contains,  especially  during  digestion,  a  very  large  amount 
of  fat,  in  the  form  of  the  finely-emulsionised  fat  of  the  food,  which  gives  it  its 
characteristic  ivhite  or  milky  appearance.    During  hunger,  the  fluid  in  the  lac- 
teals  resembles  ordinary  lymph.     The  fine  fat-granules  constitute  the  so-called 
"  molecular  basis  "  of  the  chyle.] 


COMrOSITION  OY  LYMPH  AND  CHYLE. 


Composition  of  Lymph.— The  lympli  consists  of  lymph-plasma  with  lymph- 
corpuscles  suspended  in  it.  The  corpuscles  or  leucocytes  are  described  in  §  24. 
The  lymph-plasma  contains  the  three  so-called  fibrin-factors,  derived  very  probably 
from  the  breaking  up  of  lymph-corpuscles  (§  29).  Wlien  lymph  is  withdrawn 
from  the  body,  these  substances  cause  it  to  coagulate.  Coagulation  occurs  slowly, 
owing  to  the  formation  of  a  soft,  jelly-like,  small  "lymph-clot,"  which  contains 
most  of  the  lymph-corpuscles.  The  exuded  liuid  or  lymph-serum  contains  al/cali- 
albuminate  (precipitated  by  acids),  sernui-a/bioam  (coagulated  by  heat),  and  j^ara- 
<jlobulin — the  two  latter  occurring  in  the  same  proportion  as  in  blood-serum  ;  37 
per  cent,  of  the  coagulable  proteids  is  paraglobulin. 

(1)  Chyle,  which  occurs  within  the  lacteals  of  the  intestinal  tract,  can  only  be 
obtained  in  very  small  amount  before  it  is  mixed  with  lymph,  and  hence  the  dilli- 
culty  of  investigating  it.  A  few  lymph-coriJiLscles  occur  even  in  the  origin  of  lacteals 
within  the  villi,  but  their  number  increases  in  the  vessels  beyond  the  intestine, 
more  especially  after  the  chyle  lias  passed  through  the  mesenteric  glands.  The 
amount  of  solids,  w'hich  undergoes  a  great  increase  during  digestion,  on  the 
contrary,  diminishes  when  chyle  mixes  with  lymph.  After  a  diet  rich  in  fatty 
matters,  the  chyle  contains  innumerable  fatty  i/ramdes  (2-4  fx  in  size).  [This  is  the 
so-called  "  molecular  basis  "  of  the  chyle.]  The  amount  of  Jibrin-factors  increases 
w'ith  the  increase  of  lymph-corpuscles,  as  they  are  formed  from  the  breaking  up  of 
the  lymph-corpuscles  ;  a  diastatic  ferment  absorbed  from  the  intestine  ;  occasionally 
m[/ar  (to  2  per  cent.) ;  after  much  starchy  food,  lactates  ;  peptone  in  the  leucocytes 
(§  192,  I.,  3),  and  traces  of  urea  and  leucin. 

The  Chyle  of  a  person  who  was  executed  contained  90 '5  per  cent,  of  water. 

f  Fibrin,      .....  trace 
]  Albumiu,  .       .       .       .       .  7'1 
Fats,  0-9 


Sohds,  .       .       .       .    9"5  . 

I  Extractives, 

L  Salts,  .... 
Schmidt  found  the  following  inorganic  substances  in  1000  parts  of  chyle. 


1-0 


Sodic  chloride, 

Soda, 
Potash, 


5-84 
1-17 
0-1.3 


0-05 
0-0.5 
0-20 


IMagnesic  phosphate, 
Iron, 


0-05 
trace. 


(Horse). 


Sulphuric  acid, 
riiosphoric  acid, 
Calcic  i>hosphate, 

(2)  The  lymph  obtained  from  the  beginning  of  the  lymphatic  system  contains 
very  few  lymph-corpuscles  ;  it  is  clea.r,  transparent,  and  colourless,  aud  closely 
resembles  the  fluids  of  .serous  cavities.  That  the  lymph  coming  from  different 
tissues  varies  somewhat,  is  highly  probable,  but  this  has  not  been  proved.  After 
lymph  has  passed  through  lymphatic  glands,  it  contains  more  corpuscles,  and  also 
more  solids,  especially  albumin  and  fat.  Hitter  counted  8200  lymph-corpuscles  in 
1  cubic  centimetre  of  the  lymph  of  a  dog. 

Pure  lymph  obtained  from  a  lymphatic  fistula  in  the  leg  of  a  man  has  an  alkaline 
reaction  and  a  saline  taste,  and  the  following  composition  : — 


Pure  Lj'iiipli 
{Ilensen  <l-  Dahnhardt). 


Water,  ....  98-63 
Solids,  .  .  .  .  1-37 
Fibrin,  .  .  .  .  O'll 
Albumin,  .  .  .  0-14 
Alkali-albumiuate,  .  .  0  09 
Extractives, 

Urea,  Leucin,  .  .  .  1-05 
Salts,  .  .  .  .  0-88 
70  vol.  7„  of  absorbed  CO.,,  50  % 
could  be  purni)ed  out,  and  20  %  by 
the  addition  of  an  acid. 


Cerobio-siiiual  Fluid 
(.Iloppe-Seyler). 


I'crictirdial  Kluid 
(r.  Oorup-2ie.uinez). 


98-74 
1"25 

0-16 


The  cerebro-spiual  Huid  aud  ab- 
dominal lym[)h  contain  a  kind  of 
sugar  (without  the  property  of 
rotating  polarised  \\'^\\i—Iluppe- 
•^eylcr). 


95-51 
4-48 

0-  08 
2-46 

1-  26 
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100  parts  of  the  ash  of  lymph  contained  the  following  substances 


Sodium  chloride,  .  71 '48 
Soda,  .  .  .10-36 
Potash,  .       .       .      3  •26 


Sulphuric  acid,  .  1"28 
Carbonic  acid,  .  .  8"21 
Iron  oxide,       .       .  0'06 


Lime,  .  .  .0-98 
Magnesia,  .  .  0"27 
Phosphoric  acid,    .    1  '09 

Just  as  in  blood,  potash  and  phosphoric  acid  are  most  abundant  in  the 
corpuscles  ;  while  soda  (cliietly  sodium  chloride)  is  most  abundant  in  the  lymph- 
serum.  The  potash  and  phosphoric  acid  compounds  are  most  abundant  in  cerebro- 
spinal fluid,  according  to  C.  fSchmidt.  The  amount  of  water  in  the  lymph  rises 
and  falls  with  that  of  the  blood.  Gases. — Dog's  lymph  contains  much  CO^ — more 
than  -10  vols,  per  cent.,  of  which  17  per  cent,  can  be  pumped  out,  and  23  per  cent, 
expelled  by  acids,  while  there  are  only  traces  of  O  and  1-2  vols,  per  cent.  N 
{Lndioig,  Ilammm-sten). 

[The  cerebro-spinal  fluid,  contains  a  substance  which  reduces  an  alkaline  solution  of  cupric 
hydrate.  The  potassic  are  in  excess  of  the  soda-salts,  while  the  fluid  of  meningoceles  and  chronic 
hydrocephalus  contains  proto-albumose,  some  serum-glol)ulin,  no  serum-albumin,  but  the  last 
is  present  in  acute  hydrocephalus  fluid.  No  albuniose  is  found  in  pericardial  or  pleuritic  fluids 
{Halliburton).'] 

199.  aUANTITY  OF  LYMPH  AND  CHYLE.— When  it  is  stated  that  the 
total  amount  of  the  lymph  and  chyle  passing  through  the  large  vessels  in  twenty- 
four  hours  is  equal  to  the  amount  of  the  blood,  it  must  be  remembered  that  this  is 
merely  a  conjecture.  Of  this  amount  one-half  may  be  lymph  and  the  other  half 
chyle.  The  formation  of  lymph  in  the  tissues  takes  place  continually,  and  without 
interruption.  Nearly  C  kilos,  of  lymph  were  collected  in  twenty-four  hours  from  a 
lymphatic  fistula  in  the  arm  of  a  woman,  by  Gubler  and  Quevenne  ;  70  to  100 
grms.  were  collected  in  1^  to  2  hours  from  the  large  lymi)h-trunk  in  the  neck  of  a 
young  horse.    The  following  conditions  affect  the  amount  of  chyle  and  lymph  : — 

(1)  The  amount  of  chyle  undergoes  very  considerable  increase  during  digestion, 
more  especially  after  a  full  meal,  so  that  the  lacteals  of  the  mesentery  and  intestine 
are  distended  with  white  or  milky  chyle.  During  hunger  the  lymph-vessels  are 
collapsed,  so  that  it  is  difficult  to  see  the  large  trunks. 

(2)  The  amount  of  lymph  increases  especially  with  the  activity  of  the  organ 
from  which  it  proceeds.  Active  or  passive  muscular  movements  greatly  increase 
its  amount.  Lesser  obtained  in  this  way  300  cubic  centimetres  of  lymph  from  a 
fasting  dog,  whereby  its  blood  became  so  inspissated  as  to  cause  death. 

(3)  All  conditions  which  increase  the  pressure  upon  the  juices  of  the  tissues 
increase  the  amou.nt  of  lymph,  and  vice  versa.    These  conditions  are  : — 

(a)  An  increase  of  the  blood-pressure,  not  only  in  the  whole  vascular  system,  but  also  in  the 
vessels  of  tlie  corresponding  organ,  augments  the  amount  of  lymph  and  vice  versa  {Ludivig, 
Tomsa).  This  however  is  doubtful,  as  has  been  shown  by  Paschutin  and  Emminghaus.  [In 
order  to  increase  the  amount  of  lymph  depending  upon  pressure  within  the  vessels,  what 
must  happen  is  increased  pressure  within  the  capillaries  and  veins.] 

{b)  Ligature  or  obstruction  of  the  efferent  veins  greatly  increases  the  amount  of  lymph  which 
flows  from  the  corresponding  parts  {Bidder,  Emminghaus).  It  may  be  doubled  in  amount. 
Tight  bandages  cause  a  swelling  of  the  parts  on  the  peripheral  side  of  the  bandage,  owing  to  a 
copious  effusion  of  lympli  into  the  tissue  (congestive  tedema). 

(c)  An  increased  supply  of  arterial  blood  acts  in  the  same  way,  but  to  a  less  degi-ee. 
Paralysis  of  the  vaso-motor  nerves,  or  stimulation  of  vaso-dilator  fibres,  by  increasing  the  supply 
of  blood  increases  the  amount  of  lymph;  while  diminution  of  the  blood-supply,  owing;  to 
stimulation  of  vaso-motor  fibres  or  other  causes,  diminishes  the  amount.  Even  after  ligature 
of  both  carotids,  as  the  head  is  still  supplied  with  blood  by  the  vertebrals,  the  lymi)h-streani  in 
tlie  large  cervical  lymphatic  does  not  cease. 

(4)  When  the  total  amount  of  the  blood  is  increased,  by  the  injection  of  blood  or  serum 
into  the  arteries,  much  fluid  passes  into  the  tissues  and  increases  the  formation  of  lymph. 

(5)  The  formation  of  lymph  still  goes  on  for  a  short  time  after  death,  and  after  com])lete 
cessation  of  the  action  of  the  heart,  but  only  to  a  slight  extent.  If  fresh  blood  be  caused  to 
circulate  in  the  body  of  an  animal,  while  it  is  still  warm,  more  lymph  flows  from  the  lym- 
phatics. It  appears  as  if  the  tissues  obtained  plasma  from  the  blood  for  a  time  after  the 
stoppage  of  the  circulation.    This  perhaps  explains  the  circumstance  that  some  tissues,  e.g., 
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connective-tissues,  contain  more  flnid  after  death  than  during  life,  while  the  blood-vessels  have 
given  out  a  considerable  amount  of  their  plassnia  after  death. 

(6)  The  amount  of  lymph  is  increased  under  the  inthience  of  curara,  and  so  is  the  amount 
ot  solids  in  the  lymph  {Lesser).  A  large  amount  of  lymph  collects  in  the  lymph-sacs  [especially 
the  sub-lingual]  of  frogs  poisoned  with  eurara,  which  is  partly  explained  by  the  fact  that  tlie 
lymph-hearts  are  paralysed  by  curara.  The  amount  of  Ivmph  is  also  increased  in  inflamed 
parts.  "  ^ 

200.   ORIGIN   OF  LYMPH.— (1)  Source  of  the  Lymph-Plasma.— The 

lymph-plasma  may  be  regarded  as  fluid  which  has  been  pressed  through  the  walls 
of  the  blood-vessels  by  the  blood-pressure,  i.e.,  by  filtration  into  the  tissues.  The 
sa/ts  which  pass  most  readily  through  membranes,  go  through  nearly  in  the  same 
proportion  as  they  exist  in  blood-plasma— the.;i6n7<-/ac/or.s  to  about  two-thirds,  and 
albumin  to  about  one-half  of  that  in  the  blood.  As  in  the  case  of  other  filtration- 
processes,  the  amount  of  lymph  must  increase  with  increasing  pressure. 

This  was  proved  by  Ludwig  and  Tomsa,  who  found  that  when  they  passed  blood-serum  under 
varying  pressures  through  the  blood-vessels  of  an  excised  testis,  the  amount  of  transuded  fluid 
which  Howed  from  the  lymphatics  varied  with  the  pressure.  This  "  artificial-lymph  "  had  a 
composition  similar  to  that  of  the  natural  lymph.  Even  the  amount  of  albumin  increased  with 
increasing  pressure.  The  lymph-plasma  is  mixed  in  the  diflerent  tissues  with  the  decomposition 
products,  the  results  of  the  metabolism  of  the  tissues. 

When  the  muscles  act,  not  only  is  the  lymph  poured  out  more  rapidly,  but 
more  lymph  is  formed.  The  tendons  and  fasciae  of  the  muscles  of  the  skeleton, 
which  are  provided  with  numerous  small  stomata,  absorb  the  lymph  from  the 
muscles.  By  the  alternate  contraction  and  relaxation  of  these  fibrous  structures, 
they  act  like  suction-pumps,  whereby  the  lymphatics  are  alternately  filled  and 
emptied,  while  the  lymph  is  propelled  onwards.  Even  passive-movements  act  in 
the  same  way.  If  solutions  be  injected  under  the  fascia  lata,  they  may  be  propelled 
onwards  to  the  thoracic  duct  by  passive  movements  of  the  limb  {Liidivig,  Schiueigger- 
Seidel). 

(2)  The  source  of  the  lymph-corpuscles'  varies. — (1)  A  very  considerable 
number  of  lymph-corpuscles  are  derived  from  the  lymphatic  glands  ;  they  are 
washed  out  of  these  glands  into  the  vas  elierens  by  the  lymph-stream,  hence,  the 
lymph  always  contains  more  corpuscles  after  it  has  passed  through  a  lymph-gland. 
Small  isolated  lymph-follicles  permit  corpuscles  to  pass  through  their  limiting  layer 
into  the  lymph-stream.  (2)  Those  organs  whose  basis  consists  of  adenoid  tissue, 
and  in  whose  meshes  numerous  lymph-corpuscles  occur,  e.g.,  the  mucous  membrane 
of  the  entire  intestinal  tract,  red  marrow  of  bone,  and  the  spleen  {§  103).  The 
cells  reach  the  origin  of  the  lymph-stream  by  their  own  amceboid  movements.  (3) 
As  lymph-corpuscles  are  returned  to  the  blood-stream,  where  they  appear  as  colour- 
less blood-corpuscles,  so  they  again  pass  out  of  the  blood-capillaries  into  the 
tissues,  partly  owing  to  their  amoeboid  movements,  and  they  are  partly  expelled 
by  the  blood-i)ressure.  In  rare  cases  lymph-corpuscles  wander  from  lymi)hatic 
spaces  back  again  into  the  blood-vessels. 

Fine  particles  of  cinnabar  or  milk-globules  introduced  into  the  blood  soon  pass  into  the  lym- 
phatics. The  extrusion  of  particles  is  greater  during  venous  congestion  than  when  the  circula- 
tion is  undisturbed,  just  as  with  diapedesis  (§  95);  inflammatory  affections  of  the  vascular  wall 
also  favour  their  ])assage.    The  vessels  of  the  portal  system  are  especially  pervious. 

(4)  By  division  of  the  lymph-corpuscles,  and  also  by  proliferation  of  the  fixed 
connective-tissue  corpuscles.  This  process  certainly  occurs  during  infiammatiou 
of  many  organs.  This  lias  been  proved  for  the  excised  cornea  kept  in  a  moist 
chamber ;  the  nuclei  of  the  cornea-corpuscles  also  proliferate. 

That  the  connective-tissue  corpuscles  proliferate  is  shown  by  the  enormous  production  of 
lyinph-eorpusclcsin  acute  inflammations  (with  the  formation  of  pus),  e.g.,  in  extensive  erysipelas, 
and  inflammatory  purulent  efliisions  into  serous  cavities,  where  the  number  of  corpuscles  is 
too  great  to  be  explained  by  the  wandering  of  blood-corpuscles  out  of  the  blood-vessels. 

Decay  of  Lymph-Corpuscles. — The  lymph-corpuscles  disappear  partly  where  the 
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lymi^hatics  arise.  The  presence  of  the  fibrin-factors  in  the  lymph— formed  as  they 
are  from  the  breaking-up  of  lymph-corpuscles — seems  to  indicate  this.  In  inflam- 
mation of  connective-tissue,  in  addition  to  the  formation  of  numerous  new  lymph- 
cori»uscIes,  a  considerable  number  seems  to  be  dissolved  ;  hence  the  lymi)h,  and 
also  the  blood,  in  this  case  contains  more  fibrin.  Lymph-corpuscles  are  also  dis- 
solved within  the  blood-stream,  and  help  to  form  the  fibrin -factors. 

201.  MOVEMENT  OF  CHYLE  AND  LYMPH.— The  ultimate  cause  of  the 

movement  of  the  chyle  and  lymph  depends  upon  the  difference  of  the  pressure  at 
the  origin  of  the  lymphatics,  and  the  pressure  where  the  thoracic  duct  opens  into 
the  venous  system. 

(1)  The  forces  which  are  active  at  the  origin  of  the  lymphatics  are  concerned 
in  moving  the  lymph,  but  these  mast  vary  according  to  the  place  of  origin — («) 
The  lacteals  receive  the  first  impulse  towards  the  movements  of  their  contents — 
the  chyle — from  the  contraction  of  the  muscular  fibres  of  the  villi  (pp.  292,  297). 
Wlien  these  contract  and  shorten,  the  axial  lacteal  is  compressed,  audits  contents 
are  forced  in  a  centripetal  direction  towards  the  large  lymphatic  trunks.  When  the 
villi  relax,  the  numerous  valves  prevent  the  return  of  the  chyle  into  the  villi,  (h) 
Within  those  lymphatics  which  take  the  form  of  perivascular  spaces,  every  time  the 
contained  blood-vessel  is  dilated  the  surrounding  lymph  will  be  pressed  onwards,  (c) 
In  the  case  of  the  pleural  lymphatics  with  open  mouths,  every  inspiratory  move- 
ment acts  like  a  suction-pump  upon  the  lymph,  and  the  same  is  the  case  with 
the  openings  or  stomata  of  the  lymphatics  on  the  abdominal  side  of  the  diaphragm, 
(d)  In  the  case  of  those  vessels  which  begin  by  means  of  fine  juice  canals,  the  move- 
ment of   the  lymph  must  largely  depend  upon  the  tension  of  the  juices  of 

the  parenchyma,  and 
this  again  must  depend 
upon  the  tension  or 
presstcre  in  the  hlood- 
capillaries,  so  that  the 
blood-pressure  acts  like 
a  vis  a  tergo  in  the' 
Fig.  223.  rootlets   of   the  lym- 

Section  of  central  tendon  of  diaphrngm.    The  injected  lymph-spaces,  phatics. 

/(  and  h,  are  black.    At  /"the  walls  of  the  space  have  collapsed.      n,.      .  i- 

^  i  [J-U  some  organs  pecuuar 

lumping  arrangements  are  brought  into  action.  The  abdominal  surface  of  the  central  tendon 
of  the  diaphragm  is  provided  with  stomata,  or  open  comnninications  between  the  peritoneal 

cavity  and  the  lym- 


phatics in  the  sub- 
stance of  the  tendon. 
Von  Recklinghausen 
found  that  milk' put 
upon  the  peritoneal 
surface  of  the  central 
tendon  showed  little 
eddies,  caused  by  the 
milk-globules  passing 
through  the  stomata 
and  entering  the  lym- 
Y\(f^  224.  phatics.    The  central 

T  .    ,  T  1       1  /1 1       f  "    ii    p     ■   1  i     f  XI     1  tendon    consists  of 

Injected  lymi.h-spaces  (black)  from  the  fascia  lata  of  the  dog.  ^.^^o  kvers  of  fibrous 

tissue  arranged  in  different  directions  (fig.  223,  h,  c).  When  the  diaphragm' moves  during 
respiiation,  these  layers  are  alternately  pressed  together  and  pulled  apart.  Thus  the  spaces 
are  alternately  dilated  and  contracted,  lymph  being  drawn  into  the  lymphatics  through  the 
stomata  (fig.  223,  h).  The  same  kind  of  pumping  mechanism  exists  over  the  costal  pleura. 
The  fascia  covering  the  nuiscles  is  another  .similar  mechanism.  The  fascia  consists  of  two  layers 
of  fibrous  tissue,  with  intervening  lymphatics  (fig.  224).  When  a  muscle  contracts,  lymph  is 
forced  out  from  between  the  layers  of  the  fascia,  while  when  it  relaxes,  the  lymph  from  the 
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muscle,  carrying  witli  it:  some  of  the  waste  jiroducts  of  muscular  action,  passes  out  of  tlu- 
niusclo  into  the  fascia,  between  the  now  partially  separated  layers.] 

[Liidwig's  Experiment.— Tie  a  respiration  cannula  in  the  trachea  of  a  dead  rablnt  ;  cut 
across  the  body  of  the  animal  immediately  below  the  diaphragm  ;  remove  the  viscera,  and 
ligature  the  vessels  passing  between  the  thorax  and  abdomen  ;  tie  the  thorax  to  an  iron  ring, 
and  hang  it  up  with  the  head  ilownwards  ;  pour  a  solution  of  Berlin  blue  upon  the  ])eritoneal 
surface  of  the  diaphragm  ;  connect  the  respiration  cannula  either  witli  a  jiair  of  bellows  or  an 
a(iparatus  for  artilicial  respiration,  and  imitate  the  respiratory  movements.  After  a  fev.- 
minutes  tlic  lymphatics  are  tilled  with  a  blue  injection  showing  a  beautiful  plexus.] 

(2)  Within  the  lymph-trunks  themselves,  the  independent  contraction  of  their 
muscular  fibres  partly  aids  the  lymph-stream.  Heller  observed  in  the  mesentery 
of  the  guinea-pig  that  the  peristaltic  movement  of  the  lymphatic  wall  passed  in  a 
centripetal  direction.  The  numerous  valves  i)revent  any  reHux.  The  contraction 
of  the  surrounding-  muscles,  and  pressure  upon  the  vessels  and  the  tissues,  aid  the 
current.  If  the  outflow  of  blood  from  the  veins  is  interfered  with,  lymph  flows 
copiously  from  the  corresponding  tissues.  [If  a  cannula  be  tied  in  a  lymphatic  of 
a  dog,  a  few  drops  of  lymph  flow  out  at  long  intervals.  P)Ut  if  even  2'xisdve  move- 
ments of  the  limb  be  made,  e.r/.,  simply  flexing  and  extending  the  limb,  the  outflow 
becomes  very  considerable  and  continuous.] 

(3)  The  lymph-glands,  which  occur  in  the  course  of  the  lymphatics,  ofier  very 
considerable  resistance  to  the  lymph-stream,  which  must  pass  through  the  lymph- 
path.s,  whose  spaces  are  traversed  by  adenoid  tissue,  and  contain  a  few  lymph- 
corpuscles.  But  this  is,  to  a  certain  extent,  compensated  for  by  the  non-striped  muscle 
which  exists  in  the  capsule  and  trabecuhe  of  the  glands.  When  they  contract  they 
force  on  the  lymph,  while  the  valves  prevent  its  reflux.  Enlarged  lymphatic 
glands  have  been  seen  to  contract  when  stimulated  electrically.  [Botkin  has 
stimulated  enlarged  lymphatic  glands  with  electricity  in  cases  of  leukaemia.] 

(4)  The  lymph-vessels  gradually  join  to  form  larger  vessels,  and  finally  end  in 
one  trunk.  Thus  the  sectional  area  diminishes,  so  that  the  velocity  of  the  current 
and  the  pressure  are  increased.  Nevertheless,  the  velocity  is  always  small ;  it 
varied  from  230  to  300  millimetres  per  minute  in  the  large  lymphatic  in  the  neck 
of  a  horse,  a  fact  which  enables  us  to  conclude  that  the  movement  must  be  very 
slow  in  small  vessels.  The  lateral  pressure  at  the  same  place  was  10  to  20  mm., 
and  in  the  dog  5  to  1 0  mm.  of  a  weak  solution  of  soda,  although  it  was  =12  mm. 
Hg  in  the  thoracic  duct  of  a  horse. 

(5)  The  respiratory  movements  exercise  a  considerable  influence  upon  the  lymph- 
stream  in  the  thoracic  duct,  and  in  the  right  lymphatic  duct ;  every  inspiration 
favours  the  passage  of  the  venous  blood,  and 
also  of  the  lymph  towards  the  heart,  whereby 
the  tension  in  the  thoracic  duct  may  even  be- 
come negative.  [The  diastolic  suction  of  the 
heart,  by  diminishing  the  pressure  in  the  sub- 
clavian vein,  also  favours  the  inflow  of  lymph 
into  the  thorax.] 

(6)  Lymph-hearts  exist  in  certain  cold-blooded 
animals.  The  frog  has  two  amllary  hearts  (above  tiie 
shoulder  near  the  vertebral  column),  and  two  sacral 
hearts,  one  on  each  side  of  the  coccyx  near  the  anus 
(fig.  225,  L).   They  beat,  but  not  synchronously,  about 

sixty  times  per  minute,  and  contain  10  cubic  centi-  2'>'5 
metres  of  lymidi.  They  have  transversely-striped  mus-  i.  •  •  A'  i  i  ^  /t  x  r 
cular  fil)res  in  their  walls,  and  arc  also  provided  with  To^tcrior  pan-  of  Ij-mph-hcarts  (L)  of 
nerve-ganglia.     The  posterior  pair  pump  the  lymph  _      ^  ^'"'^S- 

into  the  branch  of  the  vena  iliaca  communicans,  and  the  anterior  pair  into  the  vena  sub- 
scapularis.  Their  pulsation  depends  partly,  but  not  exclusively,  upon  the  spinal  cord,  for  if 
the  cord  be  rapidly  destroyed,  they  may  cease  to  pulsate,  Init  not  unfroqucntly  they  continue 
to  pulsate  after  removal  of  the  cord.  [And  if  the  cord  l)e  destroyed  gradually,  they  continue  to 
beat  (luibrhcl).]    A  second  source  of  their  pulsatile  movements  is  to  be  sought  for  in 
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Waldeyer's  ganglia.  Stimulation  of  the  skin,  intestine,  or  blood-heart  influences  them  reflexly 
— partly  acc'elerating  and  partly  retarding  them,  [most  frequently  arresting  them  in  diastole, 
so  that  there  seems  to  be  an  inhibitory  mechanism  in  the  cord,  but  it  is  not  allected  by 
atropine  {Kahrlicl).']  If  the  coccygeal  nerve,  which  connects  the  sacral  hearts  to  the  spinal 
cord,  be  divided,  these  etlects  do  not  occur.  Strychnia  accelerates  their  movements,  and  so 
does  heating  of  the  spinal  cord;  but  if  the  cord  be  cooled,  they  are  retarded.  A  lymph -heart 
arrested  by  "being  exposed,  or  after  the  action  of  muscarin,  can  be  caused  to  beat  by  tilling  it 
under  pressure,  but  this  is  not  the  case  when  the  arrest  is  caused  by  destruction  of  its  nerves. 
Antiariii  jiaralyses  the  lymph-heart  and  the  blood-heart  at  the  same  time,  while  curara 
paralyses  the  former  alone.  In  other  amphibians  there  are  two  lymph-hearts  ;  in  the  ostrich 
and  cassowary  and  some  swimming  birds,  and  in  the  embryo  chick  1  or  2.  They  occur  in  some 
fishes,  e.g.,  near  the  caucjal  vein  of  the  eel. 

(7)  The  nervous  system  has  a  direct  effect  upon  the  lymph-stream,  on  account 
of  its  connection  Avith  the  muscles  of  the  lymphatics  and  lymph-glands,  and  with 
the  lymph-hearts  where  these  exist.  Kiihne  observed  that  the  cornea  corpuscles 
contracted  when  the  corneal  nerves  were  stimulated,  [and  Hoffman  has  described  the 
termination  of  nerves  in  connective-tissue  corpuscles].  Goltz  also  observed  that, 
when  a  dilute  solution  of  common  salt  was  injected  under  the  skin  of  a  frog,  it  was 
rapidly  absorbed,  but  if  the  central  nervous  system  had  been  destroyed,  it  was  not 
absorbed. 

If  inflammation  be  produced  in  the  hind  legs  of  a  dog,  and  if  the  sciatic  nerve  be  divided  on 
one  side,  oedema  and  a  simultaneous  increase  of  the  lymph-stream  occur  on  that  side.  [A 
combination  of  congestion  and  inflammation  greatly  increases  the  lymph-stream,  and  this  is 
still  more  the  case  when  the  nerves  are  divided  at  the  same  time.] 

Ligature  the  leg  of  a  frog,  except  the  nerves,  so  as  to  arrest  the  circulation,  and  place  the 
leg  in  water  ;  it  swells  up  verj^  rapidly,  but  a  dead  limb  does  not  swell  up.  So  that  absorption 
is  independent  of  the  continuance  of  the  circulation.  Section  of  the  sciatic  nerve,  or 
destruction  of  the  spinal  cord  (but  not  section  of  the  brain),  arrests  absorption. 

202.  ABSORPTION  OF  PARENCHYMATOUS'EFFUSIONS.— Fluids  which  pass  from  the 
blood-vessels  into  the  spaces  in  the  tissues,  or  those  injected  subcutaneously,  are  absorbed 
chiefly  by  the  blood-vessels,  but  also  by  the  lymphatics.  Small  particles,  as  after  tattooing 
with  cinnabar  or  China  ink,  may  pass  from  the  tissue-spaces  into  the  lymphatics — and  so  do 
blood-corpuscles  from  extravasations  of  blood,  and  fat-granules  from  the  marrow  of  a  broken 
bone.  If  all  the  lymphatics  of  a  part  are  ligatured,  absorption  takes  place  quite  as  rapidly  as 
before ;  hence,  absorbed  fluid  must  jiass  through  the  thin  membranes  of  the  blood-vessels.  The 
corresponding  experiment  of  ligaturing  all  the  blood-vessels,  when  no  absorption  of  the  paren- 
chymatous juices  takes  place,  does  not  prove  that  the  lymphatics  are  not  concerned  in  absorp- 
tion, for,  after  ligaturing  the  blood-vessels  of  a  part,  of  course  the  formation  of  lymph, 
and  also  the  lymph-stream,  must  cease.  When  fluids  are  injected  under  the  skin,  absorption 
takes  place  very  rapidly— more  rapidly  than  when  the  substance  is  given  by  tlie  mouth.  The 
subcutaneous  injection  of  drugs  is  extensively  used,  but  of  course  the  substances  used  must 
not  corrode,  irritate,  or  coagulate  the  tissues.  Some  substances  do  not  act  when  given  by 
the  mouth,  as  snake  poison,  poisons  from  dead  bodies,  or  putrid  things,  although  they  act 
rapidly  when  introduced  subcutaneously.  If  emulsin  be  given  by  the  mouth,  and  amygdalin 
be  injected  into  the  veins  of  an  animal,  hydrocyanic  acid  is  not  formed,  as  the  emulsin  seems 
to  be  destroyed  in  the  alimentary  canal.  If  the  emulsin,  however,  be  injected  into  the  blood, 
and  the  amygdalin  be  given  by  the  mouth,  the  animal  is  rapidly  poisoned,  owing  to  the  forma- 
tion of  hydrocyanic  acid,  as  the  amygdalin  is  rapidly  absorbed  from  the  intestinal  canal.  The 
amygdalin,  a  glucoside  (CooHa-NOn),  is  acted  upon  by  fresh  emulsin  like  a  ferment ;  it  takes 
up  2(H.,0)  and  yields  hydrocyanic  acid  (CHN),  -f  oil  of  bitter  almonds  (C-HgO),  +  sugar 
'-^(CfiHisOe).  Serum  injected  subcutaneously  is  rapidly  absorbed;  it  is  decomposed  within  the 
blood-stream,  and  increases  the  amount  of  uvea.  Albuminous  solutions,  oil,  peptones  and 
sugars  are  also  absorbed.  ' 

203.  CEDEMA,  DROPSY,  AND  SEROUS  EFFUSIONS. -[Dropsy.— As  aptly  illustrated 
by  Lauder  lUunton,  the  lymph-spaces  may  be  rejiresented  by  cisterns,  each  of  which  is 
provided  with  supply  pipes— the  arteries  and  capillaries  ;  while  there  are  two  exit  pipes— the 
veins  and  lymphatics.  In  health,  the  balance  between  the  infloAv  and  outflow  is  such  that  the 
spaces  are  merely  moistened  with  fluid.  When  a  cannula  is  placed  in  a  lymphatic  vessel  in  a 
dog,  only  a  few  drops  of  lymph  flow  out  at  long  intervals,  but  if  the  veins  of  the  limb  be  licratured 
the  lymph  flo\ys  much  more  quickly.  This  is  in  part  due  to  the  increased  transudation^'of  fluid 
from  the  small  blood-vessels,  but  it  may  also  be  due  to  fluid  passing  away  by  the  lymphatics 
when  It  can  no  longer  be  carried  away  by  the  veins.  We  cannot  say  what  is  the  relative  share 
of  the  veins  and  the  lymphatics,  nor  in  the  above  experiment  do  we  know  how  much  is  due  to 
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increased  transiulation  or  diminished  absorption.  When  there  is  an  undue  accumulation  of 
fluid  more  or  less  like  serum  in  the  lymph-spaces,  wc  have  the  condition  termed  dropsy.  When 
there  is  general  dropsy  it  is  called  anasarca.] 

CEdema.— If  the  efferent  veins  and  lymphatics  of  an  organ  be  ligatured,  or  if  resistance  be 
offered  to  the  outfiow  of  their  contents,  congestion  and  a  cojnous  transudation  of  lympli  into 
tlie  tissue  take  place.  These  are  most  marked  in  the  skin  and  subcutaneous  cellular  tissue. 
The  soft  parts  swell  up,  without  pain  or  redness,  and  a  doughy  swelling,  which  pits  on  pressure 
with  the  finger,  results.  These  are  the  signs  of  lymph-congestion,  which  is  called  oedema 
when  the  fluid  is  ivatenj  and  localised. 

Under  similar  circumstances  lymjih  is  effused  in  the  serous  cavities.  [In  the  peritoneum  it 
is  ascites— thorax,  hydro-thorax — pericanlium,  hydro-pericardium— cranium,  hydrocephalus 
—tunica  vaginalis,  hydrocele— joints,  hydrarthrosis,  &c.]  If,  at  the  same  time,  a  large 
number  of  colourless  blood-corpuscles  pass  out  of  the  blood-vessels  into  the  cavity,  the  fluid 
becomes  more  and  more  like  pus.  In  order  that  these  corpuscles  may  proliferate,  a  consider- 
able percentage  of  albumin  is  necessary.  When  the  pressure  within  the  serous  cavity  rises 
above  that  in  the  small  blood-vessels,  water  may  pass  into  the  blood.  These  sero-purulent 
effusions  not  unfreipiently  undergo  changes,  and  yield  decomposition-products,  such  as 
leuciu,  tyrosin,  xanthin,  kreatin,  kreatiuin  (?),  uric  acid  (?),  urea.  Endothelium  from  the 
serous  cavity,  sugar  in  pleuritic  ett'usions  and  in  a'demas  with  little  albumin,  cholesterin 
frequently  in  hydrocele  fluid,  and  succinic  acid  in  the  fluid  of  echinococci  have  all  been  found 
in  these  effusions.  The  effusion  of  lymph  may  arise  not  only  from  pressure  upon  the  lym- 
phatics, but  also  from  inflammation  and  thrombosis  of  the  lymphatics  themselves,  in  which 
cases  not  unfre([uently  new  lymphatics  are  formed,  so  that  the  communication  is  re-establishetl. 
Sometimes  the  ductus  thoracicus  bursts,  and  lymph  is  poured  directly  into  the  abdomen  or 
thorax.  [Ligature  of  the  thoracic  duct  results  in  rupture  of  the  receptaculum  chyli  and  escape 
of  chyle  and  lymph  into  the  large  serous  cavities  {Liidwic/).] 

When  dropsy  or  effusion  of  fluids  occurs  into  serous  cavities,  there  is  always  a  greater 
transudation  of  fluid  through  the  blood-vessels.  The  abdominal  blood-vessels,  and  those  which 
yield  a  watery  effusion  under  normal  circumstances,  are  those  most  liable  to  be  affected. 

Transudation  is  favoured  by — (1)  Venous  congestion,  so  as  to  raise  the  blood-pressure,  in 
which  case  tlie  effusion  usually  contains  little  Pvlbumin  and  few  lymph-corpuscles,  while  the 
coloured  corpuscles,  on  the  contrary,  are  more  numerous  the  greater  the  venous  obstruction. 
Kanvier  produced  cedema  artificially  by  ligaturing  the  vena  cava  in  a  dog,  and  at  the  same  time 
dividing  the  sciatic  nerve.    The  paralytic  dilatation  of  the  blood-vessels  thereby  produced 
caused  an  increased  amount  of  blood  to  ])ass  to  the  limb,  while  the  blood-pressure  was  raised, 
and  both  factors  favoured  the  transudation  of  fluid.    [Kanvier's  experiment  proves  that  mere 
ligature  of  the  venous  trunk  of  a  limb  by  itself  is  not  sufficient  to  cause  oedema.    The  cedema 
is  due  to  the  concomitant  paralysis  of  the  vaso-motor  nerves.    If  the  motor  roots  of  the  sciatic 
nerve  alone  be  divided  along  with  ligature  of  the  vena  cava,  no  cedema  occurs,  but  if  the  vaso- 
motor fibres  arc  divided  at  the  same  time,  the  limb  rapidly  becomes  cedematous.    There  is  such 
an  increased  transudation  through  the  vascular  walls  that  the  veins  and  lymphatics  cannot 
remove  it  with  sufficient  rapidity,  and  cedema  occurs.    If  there  be  weakness  of  the  vaso-motor 
nerves,  slight  obstruction  is  sufficient  to  produce  cedema.]    When  the  leg- veins  are  occluded 
with  an  injection  of  gypsum,  cedema  occurs.    (2)  vSome  unknown  physical  changes  occur  in  the 
protoplasm  of  the  endothelium  of  the  capillaries  and  blood-vessels,  which  favour  the  transudation 
of  albumin,  hremoglobin,  and  even  blood-corpuscles.    This  occurs  when  abnormal  substances 
accumulate  in  the  blood — e.g.,  dissolved  lijemoglobin — and  when  the  blood  contains  little  0  or 
albumin.    The  same  has  been  observed  after  exposure  to  too  high  temperatures,  and  the  swelling 
of  soft  parts  in  the  neighbourhood  of  an  inflammatory  focus  seems  due  to  the  transudation  of  fluid 
through  the  altered  vascular  wall.    It  is  probable  that  a  nervous  influence  may  affect  particular 
areas  through  its  action  on  the  blood-vessels  of  the  part  (it  may  be  upon  the  ])rotoplasm  of  the 
blood-capillaries).    The  transudations  of  this  nature  usually  contain  much  albumin  ami  many 
lymph-corpuscles.    (3)  When  the  blood  contains  a  very  large  amount  of  water,  the  tendency  to 
transudation  of  fluicl  is  increased.    After  a  time  it  may  produce  the  changes  indicated  in  (2), 
and  when  long  continued  may  increase  the  permeability  of  the  vascular  wall.    Watery  lym- 
phatic effusions  from  watery  blood — "  cachectic  cedema  " — occur  in  feeble  and  badly-nourished 
individuals.    [One  of  the  commonest  forms  of  dropsy  is  the  slight  cedema  of  the  legs  in  antemic 
persons,  in  whom  the  heart  and  lungs  are  healthy.    Many  factors  are  involved — the  blood - 
pressure,  watery  condition  of  the  blood,  the  condition  of  nutrition  of  the  capillaries,  and 
probablj'  a  tendency  to  vaso-motor  paresis  (B7-unton).] 

[The  fluid  poured  out  varies  according  to  the  rapidity  with  which  this  occurs.  In  acute 
inflammations  effusion  or  exudation  takes  place  rapidly,  and  the  fluid  contains  the  fibrin-factors, 
so  that  it  tends  to  coac'ulate  spontaneously.  There  is  every  gradation  between  the  non-coagulable 
hydrocele  fluid  and  the  coagulable  exudation  in  inflammation.  The  fluids  in  different  dropsies 
vary  in  composition,  and  some  have  more  cells  in  them,  depending  on  local  causes,  as  in  some 
situations  absorption  is  more  active  than  in  others.  The  pleural  fluid  contains  most  solids, 
then  ascitic,  cerebro-spinal,  and  lastly  that  in  the  subcutaneous  tissue.    Transudation  cor- 
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responds  to  the  inocess  of  filtration  tlirougli  animal  membranes,  i.e.,  the  transudation  contains 
only  those  substances  already  present  in  the  blood-plasma.  The  filtrate  may  even  contain 
more  salts  than  the  original  iluid,  as  is  often  the  case  with  fluids  containing  crystalloid  and 
colloid  bodies.  Senator  finds,  in  cases  of  cedema  of  the  leg,  that  increase  of  the  venous 
pressure  increases  the  proteids  in  the  transudation,  but  causes  no  essential  change  in  the 
amount  of  the  salts.] 

[(4)  Ostroumoff  found  that  stimulation  of  the  lingual  nerve  not  only  causes  the  blood-vessels 
of  tlie  tongue  to  dilate,  but  that  the  corresponding  side  of  the  tongue  becomes  ccdematous.  If  a 
solution  of  dilute  hydrochloric  acid  or  ([uinine  (§  145)  be  injected  into  the  duct  of  the  sub- 
maxillary gland,  and  the  chorda  tympani  stimulated,  there  is  no  secretion  of  saliva,  but  the 
gland  becomes  (edematous.  In  an  animal  poisoned  with  atropin,  stimulation  of  the  chorda 
causes  dilatation  of  the  blood-vessels,  although  there  is  no  secretion  of  saliva,  nevertheless  the 
gland  does  not  become  oidematous  (i/ciV^CM/i«/«,).  As  Brunton  suggests,  this  experiment  points 
to  some  action  of  atropin  on  the  blood-vessels  which  has  hitherto  been  entirely  overlooked.] 

204.  COMPARATIVE  PHYSIOLOGY.— In  the  frog  large  lymph-sacs,  lined  with  endothe- 
lium, exist  under  the  skin,  while  large  lymph-sacs  lie  in  relation  with  the  vertebral  column 
— one  on  each  side — separated  from  the  alxlominal  cavity  by  a  thin  membrane,  perforated  with 
stomata.  This  is  the  cysterna  lyniphatica  magna  of  Panizza.  Some  amphibians  and  many 
reptiles  have  under  the  skin  large  lymph-spaces,  which  occupy  the  whole  of  the  dorsal  region 
of  the  body.  All  reptiles  and  the  tailed  amphibians  have  large  elongated  reservoirs  for  lymph 
along  the  course  of  the  aorta.  The  lymph-apparatus  of  the  tortoise  (fig.  218)  is  very  extensive. 
The  osseous  fishes  have  in  the  lateral  })arts  of  their  backs  an  elongated  lymph-trunk,  which 
reaches  from  the  tail  to  the  anterior  fins,  and  is  connected  with  the  dilated  lymphatic  rootlets 
in  the  base  of  the  tail  and  in  the  fins.  The  largest  internal  lymph-sinus  is  in  the  region  of  the 
oesophagus.  Many  birds  possess  a  sinus-like  dilatation  or  lymph-space  in  the  region  of  the 
tail.  The  lymph-spaces  communicate  with  the  venous  system — with  valves  pro])erly  arranged — 
usually  in  connection  with  the  upjier  vena  cava.  Lymjih-hearts  have  already  been  referred  to 
(§  201,  6).  In  carnivora  the  lymph -glands  of  the  mesentery  are  united  into  one  large  compact 
mass,  the  so-called  "  pancreas  Asellii." 

205.  HISTORICAL. — Although  the  Hippocratic  School  was  acquainted  with  the  lymph 
glands  from  their  becoming  swollen  from  time  to  time,  and  although  Herophilus  and 
Erasistratus  had  seen  the  mesenteric  glands,  yet  Aselli  (1662)  was  the  Jirst  who  accurately 
described  the  lacteals  of  the  mesentery  with  their  valves.  Pecquet  (1648)  discovered  the 
receptaculum  chyli ;  Rudbeck  and  Thom.  Bartholinus  the  lymphatic  vessels  (1650-52)  ; 
Eustachius  (1563)  was  acquainted  with  the  thoracic  duct,  which  Gassendus  (1654)  maintained 
that  he  was  the  first  to  see;  Lister  noticed  that  the  chyle  became  blue  when  indigo  was  injected 
into  the  intestine  (1671)  ;  Siimniering  observed  the  separation  of  fibrin  when  lymph  coagulated; 
Reuss  and  Emmert  discovered  the  lymph-corpuscles.  The  chemical  investigations  date  from 
the  first  quarter  of  this  century  ;  they  were  carried  out  by  Lassaigne,  Tiedemann,  Gmelin,  and 
others.  The  two  last-named  observers  noticed  that  the  white  colour  of  chyle  was  due  to  the 
prescmcc  of  fattj'  granules. 
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206.  SOURCES  OF  HEAT.— The  heat  of  the  body  is  an  uninterrapted 
evolution  of  kinetic  energy,  which  we  must  represent  to  ourselves  as  due.  to 
vibrations  of  the  corporeal  atoms.  The  ultimate  source  of  the  heat  is  contained  in 
the  potential  energy  taken  into  the  body  with  the  food,  and  with  the  O  of  the  air 
absorbed  during  respiration.  The 
amount  of  heat  formed  depends  upon 
the  amount  of  energy  liberated. 

The  energy  of  the  food-stuffs  may 
be  called  "  latent  heat,"  if  we 
assume  that  when  they  are  used  up 
in  the  body,  chiefly  by  a  process  of 
combustion,  kinetic  energy  is  liber- 
ated only  in  the  form  of  heat.  As  a 
matter  of  fact,  however,  mechanical 
energy  and  electrical  energy  are  de- 
veloped from  the  potential  energy. 
In  order  to  obtain  a  unit-measure  for 
the  energy  liberated,  it  is  advisable 
to  express  all  the  potential  energy 
as  heat-units. 

The  Calorimeter. — This  instru- 
ment enables  us  to  transform  the 
potential  energy  of  the  food  into  heat, 
and,  at  the  same  time,  to  measure 
the  number  of  heat-units  produced. 

Favre  and  Silbenuann  used  a  water- 
calorimeter  ((ig.  226).  The  substance  to 
be  burned  is  placed  in  a  large  cylindrical 
combustion-chamber  (K),  suspended  in  a 
large  cylindrical  vessel  (L)  filled  witli 
water  {w),  so  that  the  combustion-chamber 
is  completely  surrounded  by  the  water. 
Tliree  tubes  open  into  the  upper  part  of 
the  chamber  ;  one  of  them  (0)  supplies 
the  air  which  is  necessary  for  combustion, 
it  reaches  almost  to  the  bottom  of  the  chamber  ;  the  second  (rt)  is  fixed  in  the  middle  of  the 
lid,  and  is  closed  above  with  a  thick  glass  plate,  and  on  this  is  placed,  at  an  angle,  a  small 
mirror  {s),  which  enables  an  observer  to  look  into  tlie  chamber,  and  observe  the  process  of 
combustion  at  c.  The  tliird  tube  {d)  is  used  only  when  combustible  gases  are  to  be  burned  in 
the  chamber.  It  can  be  closed  by  means  of  a  stop-cock.  A  lead  tube  (c,  c),  with  many 
twists,  passes  from  the  upper  part  of  the  chamber  through  the  water,  and  finally  opens  at  <j. 


Fig.  220. 

Water-calorimeter  of  Favre  and  Silbermann. 
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The  "aseous  proaucts  of  combustion  pass  out  through  this  tube,  ami  in  doing  so  help  to  heat 
the  water.  The  cylindrical  vessel  with  the  water  is  closed  with  a  lid  wliich  transmits  the  iour 
tubes.  The  water-cvlinder  stands  on  four  feet  within  a  large  cylinder  (M),  which  is  lilled  with 
;ood  non-conductcr  of  heat,  and  this  again  is  placed  in  a  large  vessel  filled  W'lth  water 
This  is  to  prevent  any  heat  reaching  the  inner  cylinder  from  without.  A  weighed  quan- 
tity of  the  substance  (c)  to  be  investigated  is  placed  in  the  combustion-chamber.  When  com- 
bustion is  ended,  daring  whicli  the  inner  water  must  be  repeatedly  stirred,  the  temperature  of 
the  water  is  ascertained  by  means  of  a  delicate  thermometer.  If  the  increase  of  the  tempera- 
ture and  the  amount  of  w'ater  are  known,  then  it  is  easy  to  calculate  the  number  of  heat-units 
produced  by  the  combustion  of  a  known  weight  of  the  substance  (see  Introduction). 

Tlic  ice-caloriftieter  may  also  be  used.  The  inner  cylinder  is  filled  with  ice  and  not  with 
water,  and  ice  5s  also  placed  in  the  outer  cylinder  to  prevent  any  heat  from  without  from 

acting  upon  the  inner  ice.  The  heat 
given  ofi'  from  the  combustion-chamber 
causes  a  certain  amount  of  the  ice  to 
melt,  and  the  water  thereby  jiroduced 
is  collected  and  measured.  It  requires 
79  heat-units  to  melt  1  grm.  of  ice  to  1 
grin,  of  water  at  0"  C. 

[The  amount  of  heat  produced  by  a 
living  animal  is  similarly  measured. 
The  animal  (fig.  227),  in  a  cage,  is 
placed  in  a  large  vessel,  which  is  placed 
within  another  vessel,  and  the  inter- 
space filled  with  water.  The  whole 
should  be  enclosed  in  a  large  box  packed 
with  fur,  shavings,  feathers,  or  other 
bad  conductor  of  heat.  A  tube,  D, 
opens  into  the  inner  space,  and  from 
it  there  is  an  exit-tube,  D,  which  winds 
many  times  in  the  w-ater-space  beneath. 
Air  passes  in  through  D  and  out  by 
D'.    The  temperature  of  the  water  is 


Fig.  227. 
Water-calorimeter  of  Dulong. 
ascertained  by  thermometers  T  find  T',  while  the  water  is  moved  by  a  stirrer  (S)  placed  between 
the  two.] 

Just  as  in  a  calorimeter,  although  much  more  slowly,  the  food-stuffs  within  our 
body  are  burned  up,  oxygen  being  supplied,  and  thus  potential  energy  is  trans- 
formed into  kinetic  energy,  which,  in  the  case  of  a  person  at  rest,  almost  completely 
appears  in  the  form  of  heat. 

Heat-Units. — Favre,  Silbermann,  Frankland,  Reclienberg,  B.  Danilewsky,  and  others  have 
made  calorimetric  experiments  on  the  heat  produced  by  food.  According  to  Danilewsky,  1 
gramme  of  the  following  dry  substances  yields  heat-units  : — 


Casein,  . 

.  5855 

Palmitin,  . 

8883 

Cow's  milk, 

5733 

Maize,  . 

5188 

Fibrin,  . 

.  5772 

Olein, 

8958 

Woman's 

Alcohol, 

6980 

Peptone, 

.  4876 

Stearin, 

9036 

milk, 

4837 

Urea, 

2537 

Glutin,  . 

.  5493 

Ox- fat. 

9686 

Egg-yelk,  . 

4479 

Muscle 

Ox-blood, 

.  5900 

Glycerine,  . 

4179 

Potatoes,  . 

4234 

Extractives 

|-4400 

Ox-flesh, 

.  5724 

Starch, 

4479 

Rye-bread, 

4471 

(Liebig's)  . 

Vegetable 

Dextrose,  . 

3939 

Wheat-bread, 

4351 

Flesh  extract. 

3216 

fibrin. 

.  6231 

Maltose, 

4163 

Rice,  . 

4806 

Acetic  acid,  . 

3318 

Glutin,  . 

.  6141 

Milk-sugar, 

4162 

Peas,  . 

4889 

Butyric  acid. 

5647 

Legumin, 

.  5573 

Cane-sugar, 

4173 

Buck-wheat, 

4288 

Palmitic  acid. 

9316 

As  albumin  is  only  oxidised  to  the  stage  of  urea,  we  must  deduct  the  heat-units  obtainable 
from  urea  from  those  of  albumin,  and  as  1  part  of  albumin  yields  in  round  numbers  about  \  of 
urea,  we  obtain  about  5100  calories  [  =  2170  kilogram-metres]  for  1  grm.  of  albumin.  \ 

Isodynamic  foods,  i.e.,  those  that  produce  an  equal  amount  of  heat;  100  grms.  animal 
albumin  (after  deducting  the  heat-units  of  urea)  =  52  fat  =  114  starch  =  129  dextrose;  100 
grms.  fat  are  isodynamic  with  243  dry  flesh  or  225  of  dry  syntonin  (i2i(Z>ncr);  100  o-rms.  of 
vegetable  albumin  =  55  fat  =  121  starch  =  137  dextrose  {Danilewsky).  Eubner  calculated  that 
in  man,  with  a  mixed  diet,  the  available  heat-units  for  1  grm.  of  albumin  =  4100  •  1  ^nm 
fat  =  9300  ;  and  for  1  grm.  carbohydrate  =  4100  calories.  '     °  " 

When  we  know  the  weight  of  any  of  the  above-named  substances  consumed  by  a 
man  in  twenty-four  hours,  a  simple  calculation  enables  us  to  determine  how  many 
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heat-units  are  formed  in  the  body  by  oxidation,  i.e.,  provided  the  substance  is  com- 
pletely oxidised. 

[Several  sources  of  heat-production  or  thermogenesis  are  to  be  found  in  all 
tissues  wherever  oxidation  is  going  on.  The  metabolism  of  protoplasm  is  always 
associated  with  the  evolution  of  heat.] 

(1)  In  the  tvamformation  of  the  chemical  comtitnents  of  the  food,  endowed  tvith  a 
large  amount  of  potential  energy,  into  swh  su/jstances  as  have  little  or  no  energy. 
The  organic  substances  used  as  food  consist  of  C,  II,  O,  N,  so  that  there  takes 
place— (a)  Combustion  of  C  into  CO.,,  of  H  into  H.,0,  whereby  heat  is  produced ; 
1  grm.  C  burned  to  produce  00^  yields  8080  heat-units,  while  1  grm.  H  oxidised 
to  HoO  yields  34,460  heat-units.  The  O  necessary  for  these  purposes  is  absorbed 
during  respiration,  so  that,  to  a  certain  extent  at  least,  the  amount  of  heat  produced 
may  be  estimated  from  the  amount  of  O  consumed.  The  same  consumption  of  O 
gives  rise  to  the  same  amount  of  heat  whether  it  is  used  to  oxidise  H  or  C 
{Pjiiiger).  There  is  a  relation,  amounting  to  cause  and  effect,  between  the  amount 
of  heat  produced  in  the  body  and  the  O  consumed.  The  cold-blooded  animals, 
which  consume  little  O,  have  ,a  low  temperature  ;  amongst  warm-blooded  animals, 
1  kilo,  of  a  living  rabbit  takes  up  within  an  hour  0-'J14  grm.  O,  and  its  body  is 
heated  to  a  mean  of  38°  C.  1  kilo,  of  a  living  fowl  uses  1-186  grms.  O,  and  gives  a 
mean  temperature  of  43-9°  C.  The  amount  of  heat  produced  is  the  same  whether 
the  combustion  occurs  slowly  or  quickly ;  the  rapidity  of  the  metabolism,  therefore, 
affects  the  rapidity,  but  not  the  absolute  amount  of  heat-production.  The  com- 
bustion of  inorganic  substances  in  the  body,  e.g.,  of  the  sulphur  into  sulphuric  acid, 
the  phosphorus  into  phosphoric  acid,  is  another,  although  very  small,  source  of 
heat. 

[The  muscles  form  about  the  half  of  the  whole  mass  of  the  body  and  the  bones 
nearly  the  other  half.  In  the  latter,  oxidation  does  not  go  on  actively,  so  that  the 
muscles  must  be  the  great  seats  of  heat-production  or  thermogenesis  in  the  body. 
This  view  is  supported  by  the  fact  that  the  blood  leaving  a  muscle  at  rest  contains 
more  CO.,  than  the  blood  in  the  right  ventricle.  Muscular  exercise  greatly 
increases  the  metabolism  and  the  COo  excreted  (§  127),  but  at  the  same  time,  there 
is  a  great  increase  in  heat-production.  The  muscles,  therefore,  are  the  great  ther- 
mogenic tissues,  and  they  yield  4ths  of  the  heat  in  health.  The  several  secreting 
glands,  especially  the  liver  and  the  alimentary  canal,  during  digestion,  are  also  foci 
of  heat-formation.] 

{h)  In  addition  to  the  processes  of  combustion  or  oxidation,  all  those  chemical 
processes  in  our  body,  by  which  the  amount  of  the  available  potential  energy 
which  is  present  is  diminished,  in  consequence  of  a  greater  satisfaction  of  atomic 
affinities,  lead  to  the  production  of  heat.  In  all  cases  where  the  atoms  assume  more 
stable  positions  with  their  affinities  satisfied,  chemical  energy  passes  into  kinetic 
thermal  energy,  as  in  the  alcoholic  fermentation  of  grape-sugar,  and  other  similar 
processes. 

Heat  is  also  developed  during  the  following  chemical  processes :  — 

(a)  During  the  union  of  bases  with  acids.  The  nature  of  the  base  determines  the  amount  of 
heat  produced,  while  the  nature  of  the  acid  is  without  effect.  Only  in  those  cases  where  the 
acid,  e.g.,  GO.,,  is  unable  to  set  aside  the  alkaline  reaction,  the  amount  of  heat  produced  is  less. 
The  formation  of  comi>ounds  of  chlorine  {e.g.,  in  the  stomach)  produces  heat. 

()3)  When  a  neutral  salt  is  changed  into  a  basic  one.  In  tlie  hlood  the  sulphuric  and 
phosphoric  acids  derived  from  the  combustion  of  S  and  P  are  united  with  the  alkalies  of  the 
blood  to  form  basic  salts.  The  decomposition  of  the  carbonates  of  the  blood  by  lactic  and 
phosphoric  acids  forms  a  double  source  of  heat,  on  the  one  hand,  by  the  formation  of  a  new 
salt,  and,  on  the  other,  by  the  liberation  of  C0._,,  which  is  partly  absorbed  by  the  blood. 

(7)  The  combination  of  ha;moglobin  with  0  (§  36). 

During  those  chemical  processes,  whereby  the  heat  of  the  body  is  produced, 
heat-absorbing  intermediate  compounds  are  not  unfrequently  formed.    Thus,  in 
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order  that  the  final  stage  of  more  complete  saturation  of  the  affinities  be  reached, 
intermediary  atomic  groups  are  formed,  whereby  heat  is  absorbed.  Heat  is  also 
absorbed  when  the  solid  aggregate  condition  is  dissolved  during  retrogressive 
processes.  But  these  intermediary  processes,  whereby  heat  is  lost,  are  very 
small  compared  with  the  amount  of  heat  liberated  when  the  end-products  are 
formed. 

(2)  Certain  physical  processes  are  a  second  source  of  heat. — (a)  The  trans- 
formation of  the  kinetic  mechanical  energy  of  internal  organs,  when  the  work 
done  is  not  transferred  outside  the  body,  produces  heat.  Thus  the  whole  of  the 
kinetic  energy  of  the  heart  is  changed  into  heat,  owing  to  the  resistance  opposed  to 
the  blood-stream  (§  93).  The  same  is  true  of  the  mechanical  energy  evolved  by 
many  muscular  viscera.  The  torsion  of  the  costal  cartilages,  the  friction  of  the 
current  of  air  in  the  respiratory  organs,  and  the  ingesta  in  the  digestive  tract,  all 
yield  heat. 

All  excessively  minute  amount  of  the  mechanical  energy  of  the  heart  is  transferred  to 
surrounding  bodies  by  the  cardiac  impulse  and  the  superficial  pulse-beats,  but  this  is  infini- 
tesimally  small.  During  res[)iration,  when  the  respiratory  gases  and  other  substances  are 
expired,  a  very  small  amount  of  energy  disappears  externally,  which  does  not  become  changed 
into  heat.  If  we  assume  that  the  daily  work  of  the  circulation  exceeds  86,000  kihigram-nietres, 
the  heat  evolved  is  eijual  to  204,000  calories,  in  twenty-four  hours  (§  93),  which  is  suificient  to 
raise  the  temperature  of  a  person  of  medium  size  2°  C. 

(b)  When,  owing  to  muscular  activity,  the  body  produces  work  which  is  trans- 
ferred to  external  objects,  e.f/.,  when  a  man  ascends  a  tower  or  mountain,  or  throws 
a  heavy  weight,  a  portion  of  the  kinetic  energy  passes  into  heat,  owing  to  friction 
of  the  muscles,  tendons,  and  the  articular  surfaces,  as  well  as  to  the  shock  and 
pressure  of  the  ends  of  the  bones  against  each  other. 

(c)  The  electrical  currents  which  occur  in  muscles,  nerves,  and  glands  very 
probably  are  changed  into  heat.  The  chemical  processes  which  produce  heat  evolve 
electricity,  which  is  also  changed  into  heat.  This  source  of  heat,  however,  is  ve7y 
small. 

{(1)  Other  processes  are  the  formation  of  heat  from  the  absmytion  of  CO.,,  by  the  concentration 
of  v:ater  as  it  passes  tlirough  membranes,  in  imbibiUon,  ami  the  formation  of  tlie  solids,  e.g.,  of 
chalk  in  tlie  bones.  After  death,  and  in  some  pathological  processes  during  life,  tlie  coagula- 
tion of  blood  and  the  production  of  rigor  mortis  are  sources  of  heat. 

207.  HOMOIOTHERMAL  AND  POIKILOTHEKMAL   ANIMALS.— In 

place  of  the  old  classification  of  animals  into  "  cold-blooded  "  and  "  warm-blooded," 
another  basis  of  classification  seems  desirable,  viz.,  the  relation  of  the  temperature 
of  the  body  to  the  temperature  of  the  surrounding  medium.  Bergmann  introduced 
the  word  homoiothermal  for  the  warm-blooded  animals  (mammals  and  birds), 
because  these  animals  can  maintain  a  very  uniform  temperature,  even  although  the 
surrounding  temperature  be  subject  to  considerable  variations.  The  so-called  cold- 
blooded animals  are  called  poikilothermal,  because  the  temperature  of  their 
bodies  rises  or  falls,  within  wide  limits,  with  the  heat  of  the  surrounding  medium. 

When  homoiothermal  animals  are  kept  for  a  long  time  in  a  cold  medium,  their 
heat-production  is  increased,  and  when  they  are  kept  for  a  long  time  in  a 'warm 
medium  it  is  diminished. 

Fordyce  gave  a  proof  of  the  nearly  uniform  temjierature  in  man.  A  man  remained  ten 
minutes  in  an  oven  containing  very  dry  hot  air  (§  218),  and  yet  tlie  temperature  of  the  palm 
of  his  hand,  mouth,  and  urine  was  increased  only  a  few  tenths  of  a  degree.  'Eecquerel  and 
Brechet  investigated  the  temperature  of  the  human  biceps  (by  means  of  thermo-electric 
needles),  when  the  arm  had  been  one  hour  in  iced  water,  and  yet  the  temperature  of  the 
muscular  tissue  was  cooled  only  0-2"  C.  The  same  muscle  did  not  undergo  any  increase  in 
temperatui-e,  or  at  most  0-2°  C,  when  the  man's  arm  was  placed  for  a  (luarter  of  an  hour  in 
water  at  42°  C. 

If  heat  be  rapidly  abstracted  (S^  225)  or  rapidly  supplied  (§  221)  to  the  body, 
so  as  to  produce  rapid  variation  of  the  temperature,  life  is  endangered. 
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Poikilothermal  animals  behave  very  differently;  the  temperature  of  their 
bodies  generally  follows,  although  with  considerable  variations,  the  temperature  of 
the  surroundings.  When  the  temperature  of  the  surroundings  is  increased,  the 
amount  of  heat  produced  is  increased,  and  when  the  surrounding  temperature  falls, 
the  amount  of  heat  evolved  within  the  body  also  falls. 

The  following  table  shows  very  clearly  the  characters  of  poikilothennal  animals,  e.g.,  frogs, 
whicli  were  placed  in  air  and  water  of  varying  temperatures.  They  were  immersed  up  to  the 
mouth.  The  temperature  was  measured  by  means  of  a  thermometer  introduced  through  the 
mouth  into  the  stomach. 


Tuinperatuve  of  Frog's 
Stoniacli. 


38-0"  C. 

29-6 

207 

8-0 

5-3 


Tempuniturc  of  tliu 
Air. 


40-4'^ 
27-4 
16-4 
6-2 
5-9 


Teniporature  of  Frog's 
Stomach. 


31 
19 


14-6 

7-  6 

8 -  a 


[Temperature  of  Different  Animals. 


In  Water. 


Temperature  of  the 
Water. 


41-0°  C. 

30-0 

20-6 

5-9 

2-8 


Birds. 


Temp. 

Thalassidroma, 

.  40-30 

Procellaria, 

.  40-80 

Goose, 

.  41-70 

Sparrow,  . 

\  39-08 
•  \  42-10 

Pigeon, 

41-80-42-50 

Turkey,  . 

.    42 -f* 

Guinea-fowl, 

.  43-90 

Duck, 

\  43-90 
■  \  42-50 

Crow, 

.  41-17 

Swallow, 

Temp. 

44-03 

Gull,  . 

37-8 

Mammals. 

Tiger,  . 

37-20 

Horse,  . 

'.  .36-80- 

-37-50 

Rat, 

38-80 

Hare,  . 

37-80 

Cat, 

.'  38-30- 

-38-90 

Guinea-pig, 

38-80 

37-40 

Dog,  . 

■1 

39-00 

39-60 

In  Air. 


Temp. 

Panther,  . 

38-90 

Mouse, 

41-1 

Dolphin,  . 

35-5 

(  37-30- 

-40-00 

Sheep, 

\  39-50- 

-40-00 

/  40-00- 

-40-50 

Ape, 

35-50 

Guinea-pig, 

35-76- 

-38-00 

Rabbit,  . 

.  37-50- 

-38-00 

Ox,  . 

37-50 

Ass, 

36-95 

{Gavarrd  cO  Rosenthal).'] 


Ilcptilcs — Snakes,  10°-12°,  but  higher  when  incubating.  Amjihihians  and  fishes — 0-5*^-3° 
above  the  temperature  of  the  surroundings.  Arthrojmla — 0*l°-5-8°  above  the  surroundings. 
Bees  in  a  hive,  30°-32'',  and  when  swarming,  40°.  The  following  animals  have  a  temperature 
higher  than  the  .sun-ounding  temperature  : — Cephalopods,  0-57";  molluscs,  0-46°;  ccliinoderms, 
0-40°;  medusiu,  0-27°;  polyps,  0-21°  C. 

208.  ESTIMATION  OF  TEMPERATURE.— ]^>y  using  thermometric  apparatus,  we  are 
enabled  to  obtain  information  regarding  the  degree  of  heat  of  the  body  to  be  investigated.  For 
this  purpose  the  following  methods  are  employed  : — 

A.  The  Thermometer. — Celsius  (1701-1744)  divided  his  thermometer  into  100  parts,  and 
each  part  was  again  divided  into  10  parts,  so  that  C.  could  be  easily  read  oH'.  All  thermo- 
meters which  have  been  used  for  a  long  time  give  too  high  readings,  hence  they  shouhl  be  com- 
parcid,  from  time  to  time,  with  a  normal  thermometer.  When  taking  the  temperature,  the 
bulb  ouglit  to  bo  surrounded  for  hfteen  minutes,  and  during  tlie  last  live  minutes  the  mercury 
column  ought  not  to  vary.  A  very  sensitive  thermometer  will  indicate  the  temperature  after 
seven  seconds  if  the  urine  stream  be  directed  upon  its  bulb.  Minimal  and  maximal  thermo- 
meters are  often  of  use  to  the  physician. 

[Clinically,  one  of  the  thermometers  shown  in  fig.  228  may  be  used.  They  are  self-registering 
maximum  tiiermometers,  i.e.,  a  portion  of  the  mercury  is  separated  from  the  mercurial  column, 
to  form  the  index,  the  top  of  which  indicates  the  temperature.  Before  being  used,  the  index 
must  be  well  below  the  normal  temperature.  Various  forms  of  surface  tiiermometers  have  been 
used.  ] 

Walferdin's  metastatic  thermometer  (fig.  229)  is  specially  useful  for  comparative  observation. 
The  tube  is  very  narrow  in  conn)arison  with  the  bulb,  and  in  order  that  the  stem  be  not  too 
long,  it  is  constructed  so  that  the  amount  of  mercury  can  be  varied.  A  quantity  of  mercury  is 
taken,  so  that  with  the  temperature  expected  the  thread  of  mercury  will  stand  about  the  middle 
of  the  stem.  A  small  bulb  at  the  upper  i)art  of  the  stenr  receives  the  excess  of  Hg.  Suiijiose  a 
temperature  between  37°-40°  C.  is  to  be  measured,  the  bulb  is  first  heated  a  little  over  40°  C, 
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it  is  then  suddenly  cooled,  and  shaken  at  the  same  time,  so  that  the  thread  of  mercury  is 

 thereby  suddenly  broken 


40°.    The  tube  is  so 
that  1"  C.  is  equal 


Mtij.>T.y,»![IIJ»^t!ISg|?»«WI!Slljl^j,|i^ 


I 


Fig.  228. 


A,  Cassella's  "nifallible,"  B,  "Ferris'  perfect,"  and  C,  Evans'  and  AVormull's  "standard^' 

clinical  thermometers. 


to  about  10  centimetres  of  the  length  of  the  tube,  so  that 
length.    The  scale  is  divided  empirically,  but  the  value  of 


C.  is  still  1  millimetre  in 
the  divisions  must  be  com- 
pared with  a  normal  ther- 
mometer. 

Kronecker  and  Meyer 
used  very  small  maximal 
' '  outflow  thermometers, ' ' 
and  caused  them  to  pass 
through  the  intestinal 
canal,  or  through  large 
blood-vessels.  The  mer- 
cur}-  flows  out  of  the  short 
open  tube,  and  of  course 
more  ilows  out  the  higher 
the  temperature.  After 
these  small  bulbs  have 
passed  through  the  animal, 
a  comparison  is  instituted 
with  a  normal  thermo- 
meter, to  determine  at  what 
temperature  the  mercury 
reaches  the  free  margin  of 
the  tube. 

B.  Thermo-electric  Me- 
thod.—This  method  en- 
ables us  to  determine  the 
temperature  accurately  and 
rapidly  (fig.  230,  I).  The 
thei-mo-electric  galvano- 
meter of  Meissner  and 
Meyerstein  consists  of  a 
circular  magnet  (?n),  sus- 
pended by  a  thread  of  silk 
(c),  to  which  a  small 
mirror  (S)  is  attached.  A 
large  stationary  bar  mag- 
net (M)  is  placed  near  the 
magnet  {in),  so  that  the 
north  poles  {n  and  N)  of 
both  magnets  point  in  the 
same  direction,  and  it  is  so 
arranged  that  the  sus- 
pended magnet  is  caused 
to  point  to  the  north  by  a 
minimal  action  of  M.  A 
thick  copper  wire  {b,  b)  is 
coiled  several  times  round 
m  (although  in  the  fig.  it 
is  represented  as  a  single 

, ,     ,  ^    ^  ,        ^        -  coil),  and  the  ends  of  the 

wire  are  soldered  to  two  thermo-elements,  each  composed  of  two  different  metals— iron  and 


Fig.  229. 
Walferdin's 
metastatic 

thermo- 
meter. 


Scheme  of  thermo-electric  arrangements  for 
estimating  the  temperature. 


THERMO-ELECTKIC  NEEDLES. 
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German  silver,  the  two  similar  free  elements  being  united  by  a  wire  (bi),  so  that  the 
two  thermo-elements  form  part  of  a  closed  circuit.  A  horizontal  scale  (K,  K)  is  placed  at 
a  distance  of  3  metres  from  the  mirror,  so  that  the  divisions  of  the  scale  are  seen  in  the 
uurror.  The  scale  itself  rests  upon  a  telescope  (F)  directed  towards  the  mirror.  The 
observer  (B),  who  looks  through  the  telescope,  can  see  the  divisions  of  the  scale  in  the 
mirror.  When  the  magnet,  and  with  it  the  mirror,  swing  out  of  the  magnetic  meridian,  the 
observer  notices  other  divisions  of  the  scale  in  the  mirror.'  AVhen  one  of  the  thcrmo-elements 
is  heated,  an  electrical  current  is  produced,  which  passes  from  the  iron  to  the  German  silver  in 
the  heated  couple,  and  causes  a  deviation  of  the  suspended  magnet.  Suppose  a  person  were 
swimming  in  the  direction  of  the  current  in  the  conducting  wire,  then  the  north  pole  of  the 
magnet  goes  to  the  north  {Amp&re).  The  tangent  of  the  angle  ^,  through  which  the  freelj^ 
movable  magnet  is  diverted  by  a  galvanic  current,  from  its  position  of  rest  or  zero,  in  the 
magnetic  meridian,  is  the  same  as  the  galvanic  stream;  G  is  proportional  to  the  magnetic 

energy  D,  i.e.,  tang.  0  =  p  •  If  G  is  to  remain  the  same,  and  the  tang.  <p  to  be  as  large  as  pos- 
sible, the  magnetic  energy  must  be  diminished  as  much  as  possible.  If  the  magnetism  of  the 
suspended  magnet  be  indicated  by  m,  and  that  of  the  earth  by  T,  the  magnetic  directing  energy 
D  =  T«i.,  so  that  D  can  be  distinguished  in  two  ways  :  (1)  by  diminishing  the  magnetic  moment 
of  the  suspended  magnet,  as  may  be  done  by  using  a  pair  of  astatic  needles,  sucli  as  are  used  in 
Nobili's  galvanometer  ;  (2)  und  also  by  weakeaing  the  magnetism  of  the  earth,  by  placing  an 
accessory  stationary  magnet  (Hauy's  rod)  in  the  same  direction,  and  near  the  suspended  magnet. 
An  important  arrangement  for  rapidly  getting  the  magnet  to  zero  is  the  dead-beat  arrangement 
of  Gauss  (not  figured  in  the  scheme).  It  consists  of  a  thick  copper  cylinder,  on  which  the  wire 
of  tiie  coil  is  wound.  This  mass  of  copper  may  be  regarded  as  a  closed  multiplicator  with  a 
very  large  transverse  section.  The  vibrating  magnet  induces  in  this  closed  circuit  a  current 
of  electricity,  whose  intensity  is  greatest  when  the  velocity  of  the  excursion  of  the  magnet  is 
greatest,  and  which  takes  the  opposite  direction  as  soon  as  the  magnet  returns  towards  zero. 
These  induced  currents  cause  a  diminution  of  the  vibrations  of  the  magnet  in  this  way,  that  the 
arc  of  vibration  of  the  nuignet  diminishes  very  rapidly,  almost  in  a  geometrical  progression. 
The  induced  damping-current  is  stronger,  the  less  the  resistance  in  the  closed  circuit,  and  in 
the  damper  or  dead-beat  arrangement  itself,  the  greater  the  section  of  the  copper  ring.  This 
damping  arrangement  limits  the  oscillations  of  the  magnet,  and  it  comes  to  rest  rapidly  and 
promptly  after  3  or  4  small  vibrations,  so  that  much  time  is  saved.  The  angle  of  deviation  is 
so  small  that  the  angle  itself  may  be  taken  instead  of  the  tangent. 

The  thermo-electric  needles  of  Dutrochet  (II)  may  be  placed  in  the  circuit.  They  consist 
of  iron  and  German  silver  soldered  at  their  points  ;  or  the  needles  of  Becquerel  (III)  may  be 
used.  They  consist  of  tiie  same  metals  soldered  in  a  straight  line,  one  behind  the  other.  The 
needles  must  alwa3'^s  be  covered  by  a  varnish,  which  will  prevent  the  parenchymatous  juices 
from  acting  upon  them,  and  so  causing  a  current.  Before  the  experiment  we  must  determine 
what  extent  of  excursion  on  the  scale  is  obtained  with  a  certain  temperature.  In  order  to 
determine  this,  a  delicate  thermometer  is  fixed  to  each  of  the  thermo-couples,  and  both  are 
placed  in  oil  baths,  which  differ  in  temperature — say  by  1°  C. — as  can  be  determined  by  the 
thermometer.  When  the  current  is  closed,  the  excursion  on  the  scale  will  indicate  1°  C. 
Suppose  that  the  excursion  was  150  mm.,  then  each  mm.  of  the  scale  would  be  equal  to  C. 
When  tins  is  determined,  the  two  thermo-needles  may  be  placed  in  the  different  tissues  or 
organs  of  animals,  and,  of  course,  we  obtain  the  difference  of  temperature  in  these  places. 
Or  one  thermo-couple  may  be  placed  in  a  bath  of  constant  temperature  (nearly  that  of  the- 
body),  in  which  is  placed  a  delicate  thermometer,  wliile  the  other  needle  is  introduced  into 
the  organ  to  be  investigated.  In  this  case,  we  obtain  the  ditierence  of  temperature  between 
the  tissue  and  the  source  of  the  constant  heat.  The  electric  current  passes  in  the  warmer 
needle  from  the  iron  to  the  German  silver,  and  thus  through  the  wires  of  the  apparatus. 
For  small  differences  of  temperature,  such  as  occur  in  the  body,  the  thermo-electiic  energy 
is  always  proportional  to  the  difference  of  temperature  of  the  two  needles  or  couples.  In 
place  of  a  single  pair  of  needles  several  may  be  used,  whereby  the  sensitiveness  of  the  apparatus 
is  greatly  increased.  Helmholtz  found  that  by  using  sixteen  antimony-bismuth  couples,  he 
could  detect  an  increase  of  ^^V/  ^-  Schiffer  prepared  a  simple  thermopile  (IV)  by  soldering 
togetlier  alternately  four  pairs  of  wires  of  iron  (/)  and  German  silver  («).  These  are  ]>Iaced 
in  the  two  organs" (A  and  B)  which  are  to  be  investigated,  whereby  a  very  high  degree  of 
exactness  is  obtained. 

209.  TEMPERATURE  TOPOGRAPHY.— Although  the  blood,  in  virtue  of 
its  continual  motion  (completing,  as  it  does,  the  circulation  in  twenty-three  seconds), 
must  exercise  a  very  considerable  influence  on  the  equilibration  of  the  temperature 
in  different  organs,  nevertheless,  a  completely  uniform  temperature  does  not  exist, 
and  the  temperature  varies  in  different  parts  : — 
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1.  Skin  {J,  Dacij).  ,r.o 

Middle  of  the  sole  of  the  foot.  32-26°  C.  Middle  of  upper  arm,  .  •  3d-40  U 
Near  tendo  Achillis,    .       .    33-85  Inguinal  fold,        .       •       •  35-80 

Anterior  surface  of  leg,        .   33-05  Near  cardiac  impulse,     .       .  34-40 

MidcUe  of  calf,     .       .        .    33 '85  Face,  31-00 

Bend  ofknee,      .       .       .    35-00  Nose  and  tip  of  ear,       .       .  '22-24 

In  the  closed  axilla,  36-49  (mean,  of  505  individuals) ;— 36-5  to  37-25  (  TVundcrlich) ;— 36-89°  C. 
{Licbcrmeister).    The  skin  over  muscles  is  warmer  than  that  over  bone  {Kunkcl). 
The  temperature  of  the  skin  of  the  head  is  higher  in  the  forehead  and  parietal  region  than  in 
the  occipital  region  ;  the  skin  on  the  left  side  of  the  head  is  warmer  than  on  the  right. 
Dyspnoea  increases  the  temperature  of  the  skin. 

Method.— Liebermeister  determines  the  temperature  of  free  cutaneous  surfaces  thus  :— The 
bulb  of  the  thermometer  is  heated  slightly  above  tlie  temperature  expected  ;  after  the  mercury 
begins  to  fall,  the  bulb  is  placed  on  the  skin,  and  if  the  bulb  has  the  same  temperature  as  the 
skin,  the  mercury  remains  stationary.    This  experiment  must  be  repeated  several  times. 

2.  Ca-vities. 

Mouth  under  the  tongue,    .    37-19°  C.  |    Vagina,   38-30°  C. 

Rectum,     .       .       .       .38-01       I    Urine,  37-03 

■   Uterine  cavity  somewhat  warmer  ;  cervical  canal  of  the  uterus  somewhat  cooler. 
The  temperature  falls  in  the  stomach  during  digestion  (§  166,  1).    Cold  injec- 
tions (ir  C.)  into  the  rectum  rapidly  lower  the  temperature  in  the  stomach  1''  C. 
(  Winternitz). 

3.  The  temperature  of  the  blood  is,  as  a  mean,  39°  C.  The  venous  blood  in 
internal  viscera  is  warmer  than  the  arterial,  but  it  is  cooler  in  peripheral  parts  : — 

Blood  of  the  superior  vena  cava,  .  36-78° 
,,         inferior  vena  cava,    .  38-11 
,,         crural  vein,      .       .  37-20 


Blood  of  the  right  heart,  .  .  38-8° 

left  heart,    .  .  .  38-6 

aorta,         .  .  .  38-7 

hepatic  vein,  .  .  39-7 


{CI.  Bernard,  and  v.  Lichig.) 


The  lower  temperature  of  the  blood  in  the  left  heart  may  be  explained  by  the  blood  becoming 
cooled  in  its  passage  through  the  lungs  during  respiration.  According  to  Heidenhain  and 
Korner,  the  right  heart  is  slightly  warmer  because  it  lies  in  relation  with  the  wai-m  liver,  whilst 
the  left  heart  is  surrounded  by  the  lung,  which  contains  air.  This  observation  is  disjjuted  by 
others,  who  say  that  the  left  heart  is  slightly  warmer  because  the  combustion-processes  are 
more  active  in  arterial  blood,  and  heat  is  evolved  during  the  formation  of  oxyhiemoglobin.  The 
blood  in  the  veins  is  usually  cooler  than  in  the  corresponding  arteries,  owing  to  the  superficial 
position  of  the  former,  whereby  they  give  off  heat  during  their  long  course  :  thus  the  blood  of  the 
jugular  vein  is  ^  to  2"  C.  lower  than  the  blood  in  the  carotid  ;  the  crural  vein  |  to  1°  cooler  than 
in  the  crural  artei-y.  Superficial  veins,  more  especially  tho,se  of  the  skin,  give  off  much  heat, 
and  their  blood  is,  therefore,  somewhat  cooler.  The  -warmest  blood  is  that  of  the  hepatic  vein, 
39-7°  C,  partly  owing  to  the  great  chemical  changes  which  occur  within  the  liver,  from  its 
.secretory  activity  (§  210,  a),  and  partly  to  its  protected  situation. 

4.  The  individual  tissues  are  warmer  :  (1)  the  greater  the  transformation  of 
kinetic  energy  into  heat,  i.e.,  the  greater  the  tissue-metabolism  ;  (2)  the  more  blood 
they  contain  ;  (3)  and  the  more  protected  their  situation.  According  to  Heidenhain 
and  Kurner,  the  cerebrum  is  the  warmest  organ  in  the  body. 

Subcutaneous  tissue  (sheep),      37-35°  C.  1        Rectum,    ....  40-67° 


Brain,       .  .       .  40-25 

Liver,       .  .       .  41-25 

Lungs,      .       .       .       .  41-40 


Right  heart,  .  .  .  41-60 
Left  heart,        .       .       .  40-90 

{Berger. ) 

Becquerel  and  Brechet  found  the  temperature  of  the  human  subcutaneous  tissue  to  be  2-1°  C. 
lower  than  that  of  the  neighbouring  muscles.  The  horny  tissues  do  not  produce  heat,  and 
their  low  temperatine  is  due  to  the  conduction  of  heat  from  the  parts  on  which  they  grow.  The 
temperature  of  the  cornea  partly  depends  on  that  of  the  iris,  and  the  more  contracted  the  pupil 
is,  the  more  heat  it  receives  from  the  blood-vessels  of  the  iris. 

210.  CONDITIONS  AFFECTING  THE  TEMPERATUEE  OF  ORGANS.— 

The  temperature  of  the  individual  organs  is  by  no  means  constant ;  it  is  influenced 
by  many  conditions  ;  amongst  these  are  the  following  : — 

(1)  The  more  hmf  produced  indejnndently  tvithin  a  part,  the  higher  is  its  tempera- 
ture.   As  the  amount  of  heat  produced  within  a  part  depends  upon  its  metabolism, 
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37-8^  C. 

After  4  ilays  j 

Blood  of  right  heart, 

38-4 

1 

starvation.  ( 

38-8° 

(Hunger  period. ) 

39-9 

) 

Bcf/inning  of 

39-5 

\ 

diijcstion. 

39-7 

} 

Diijestion  most  J 

Blood  of  right  heart, 

41-3 

\ 

active.  \ 

during  digestion,  39  "2°. 

therefore,  when  the  metabolism  is  increased,  the  amount  of  heat  produced  is 
similarly  increased. 

(a)  Glands  produce  more  heat  during  the  act  of  secretion,  as  is  proved  by  the 
higher  temperature  of  their  secretion,  or  by  the  higher  temperature  of  the  venous 
blood  flowing  out  of  their  veins. 

Ludwig  found  that  when  he  stimulated  the  chorda  tynipani,  the  saliva  of  the  submaxillary 
gland  was  1  -5°  C.  wanner  than  the  blood  in  the  carotid,  which  supplied  the  gland  with  blood 
(p.  213).  The  blood  in  the  renal  vein  in  a  kidney  which  is  secreting  is  warmer  than  the  blood 
in  the  renal  artery.  The  secreting  liver  produces  nmch  heat  (§  178).  CI.  Bernard  investigated 
the  temperature  of  the  blood  of  the  portal  ami  hepatic  veins  during  hunger,  at  the  beginning 
of  digestion,  and  when  digestion  was  most  active,  and  he  found  :— 
Temperature  of  portal  vein, 
,,  hepatic  vein, 

Temperature  of  portal  vein, 
,,  hepatic  vein, 

Temperature  of  portal  vein, 
,,  hepatic  vein, 

In  the  dog  a  moderate  diet,  chemical  or  mechanical  stimulation  of  the  gastric  mucous  mem- 
brane, or  even  the  sight  of  food,  raises  the  temperature  in  the  stomach  and  intestine. 

(b)  When  the  muscles  contract,  they  evolve  heat.  Davy  found  that  an  active 
muscle  became  0"7'  C.  Avarmer  ;  while  Becquerel,  by  means  of  a  ther mo-galvano- 
meter, found  that  human  muscles,  when  kept  contracted  for  five  minutes,  became 
r  C.  warmer  (.^  302). 

This  is  one  of  the  reasons  why  the  temperature  may  rise  above  40°  during  rapid  running. 
A  tem2)erature  obtained  by  energetic  muscular  action  usually  does  not  fall  to  the  normal  until 
after  resting  for  1^  hour.  The  low  temperature  of  paralysed  limbs  depends  partly  upon  the 
absence  of  the  muscular  contractions. 

(c)  With  regard  to  the  effect  of  sensory  nerves  upon  the  temperature,  some  of 
the  chief  points  to  ascertain  are — whether  the  circulation  is  accelerated  or  retarded 
by  their  stimulation,  or  whether  the  respiration  is  increased  or  diminished  (§  21-i, 
II.,  3),  and  whether  the  muscles  of  the  skeleton  are  relaxed  or  contracted  reflexly 
(§  214, 1.,  3).  In  the  former  case  the  temperature  of  the  interior  and  rectum  is  in- 
creased ;  in  the  latter,  diminished. 

(d)  The  temperature  of  the  body  rises  during  mental  exertion.  Davy  observed 
an  increase  of  0'3"  C.  after  vigorous  mental  exertion. 

(e)  The  parenchymatous  fluids,  serous  fluids,  and  lymph  produce  little  heat, 
owing  to  their  feeble  metabolism,  hence  they  have  the  same  temperature  as  their 
surroundings  ;  the  epidermal  and  horny  tissues  do  not  produce  heat,  they  merely 
conduct  it  from  .subjacent  structures. 

(2)  The  temperature  depends,  to  a  large  extent,  upon  the  amount  of  blood  in  an 
organ,  and  also  upon  the  rapidity  with  which  the  blood  is  renewed  by  the  circula- 
tion. This  is  best  observed  in  the  difference  of  the  temperature  between  a  cold, 
pale,  bloodless  hand,  and  a  warm,  red,  congested  one. 

Becquerel  and  Ijrechct  found  that  the  temperature  of  the  human  biceps  fell  several  tenths  of 
a  degree,  when  the  axillary  artery  was  compressed.  Ligature  of  the  crural  artery  and  vein  in 
a  dog  causes  a  fall  of  several  degrees.  If  the  extremities  be  kept  suspended  in  the  air,  they 
become  bloodless  and  cold. 

Liebermeister  has  pointed  out  a  difference  with  regard  to  the  external  and  internal  parts  of 
the  body.  The  external  parts  give  off  more  heat  than  they  produce,  so  that  they  become  cooler 
the  more  slowly  new  blood  Hows  into  them,  and  warmer  the  greater  the  rapidity  of  tlie  blood- 
stream through  them.  Acceleration  of  the  blood-stream,  therefore,  causes  the  temperature  of 
peripheral  parts  to  approximate  more  and  more  to  the  temperature  of  internal  organs,  while 
retardation  of  the  blood-stream  causes  them  to  a))proach  the  temperature  of  the  surrounding 
medium.  Exactly  the  reverse  is  the  case  with  internal  parts,  where  a  large  amount  of  heat  is 
produced,  and  heat  is  given  up  almost  alone  to  the  blood  which  flows  through  them.  Their 
temperature  must  fall  when  the  blood-stream  through  them  is  accelerated,  and  it  is  raised  when 
the  blood-stream  is  retarded.  Hence  it  follows,  that  the  greater  the  difference  of  the  temperature 
between  per iplieral  and  internal  parts,  the  slotver  must  be  tlic  velocity  of  the  circulation. 
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(3)  If  the  position  of  an  organ  be  such,  or  if  other  conditions  cause  it  to  give 
off  heat  by  conduction  or  radiation,  then  its  temperature  falls. 

A  good  example  of  this  is  the  skin,  which  varies  greatly  in  temperature  according  to  the 
temperatHre  of  the  surrounding  medium,  whether  it  is  covered  or  uncovered,  whether  it  is  dry 
or  moist  with  sweat  (which  abstracts  heat  when  it  evaporates).  When  much  cold  food  or  drink 
is  taken,  the  stomach  is  cooled,  and  when  ice-cold  air  is  breathed,  the  respiratory  passages 
as  far  as  the  bronchi  are  cooled. 

211.  ESTIMATION  OF  HEAT.— Calorimetry  is  the  method  of  determining 
the  auiouut  of  heat  possessed  by  any  body,  or  what  amount  of  heat  it  is  capable  of 
producing.  The  unit  of  measurement  is  the  "  heat-unit,"  i.e.,  the  amount  of  heat 
(or  potential  energy)  required  to  raise  the  temperature  of  1  gramme  of  water  V  C. 
(see  IntroductiwtL). 

Experiment  has  shown  that  eqtial  quantilics  of  different  suhslmices  require  very  unequal 
amounts  of  lieat  to  raise  them  to  the  same  temperature,  e.g.,  1  kilo,  water  requires  nine  times  as 
much  heat  as  1  kilo,  iron  to  raise  it  to  the  same  temperature.  In  the  human  body,  therefore, 
which  is  composed  of  verj^  diHerent  substances,  unequal  amounts  of  heat  will  be  required  to 
raise  them  all  to  the  same  temperature.  The  same  amount  of  heat  transferred  to  two  different 
substances  will  raise  them  to  different  temperatures.  Hence,  bodies  of  different  temperatures 
may  coutaiu  equal  amounts  of  heat.  The  amount  of  heat  required  to  raise  a  definite  (juantity 
{e.g.,  1  grm.)  of  a  substance  to  a  certain  higher  degree  (e.g.,  1°  C. )  is  called  "  specific  heat. " 
The  specific  heat  of  water  (which  of  all  bodies  has  the  highest  specific  heat)  is  taken  as  =  l. 
By  "heat-capacity"  is  meant,  that  property  of  bodies  in  virtue  of  which  they  must  absorb  a 
given  amount  of  heat  in  order  to  have  a  certain  temperature. 

Calorimetry  is  employed  : — I.  To  determine  the  specific  heat  of  the  different  organs 

of  the  bod y. — Only  a  few  observations  have  been  made.    The  mean  specific  heat 

of  the  following  animal  parts  (water  =  1)  is  : — 


Human  blood  =  1-02  (?) 

Arterial  blood  =  1-031  (?) 

Venous  blood  -  0-892  (?) 

Cow's  milk  =  0-992 


Fat  tissue  =  0-712 

Striped  muscle       =-    0  -825 
Defibrinated  blood  =  0-927 
{J.  Rosenthal.) 


Human  muscle  =  0-741 

Ox  muscle  =  0-787 

Compact  bone  =  0-3 

Spongy  bone  =  0-71 

The  specific  heat  of  the  human  body,  as  a  whole,  is  about  that  of  an  equal  volume 
of  water  (?). 

Kopp's  Method.— The  solid  to  be  investigated  is  broken  in  pieces  about  the  size  of  a  pea,  and 
placed  in  a  test-tube,  A,  with  thin  walls,  which  is  closed  above  with  a  cork,  from  which  a 

copper  wire  with  a  hook  on  it  projects  (fig. 
231).  The  test-tube  contains  a  certain 
quantity  of  fiuid  which  does  not  dissolve 
the  substance,  but  which  lies  between  its 
pieces  and  covers  it.  It  is  weighed  three 
times  to  ascertain  the  weight  (1)  of  the 
empty  glass,  (2)  after  it  is  filled  with  the 
solid  substance,  (3)  after  the  fluid  is  added, 
so  that  we  obtain  the  weight  of  the  solid 
substance,  m,  and  that  of  the  fluid,  /. 
The  test-tube  and  its  contents  are  placed 
in  a  mercury  both,  BB,  and  this  again  in 
an  oil  bath,  CC,  and  the  whole  is  raised 
to  a  high  temperature.  Into  BB  there  is 
introduced  a  tine  thermometer,  T.  AVhen 
the  tube,  A,  has  reached  the  necessary  tem- 
perature (say  40°)  it  is  rapidly  placed  in 
the  water  of  the  accompanying  calori- 
meter-box, DD.  The  water  in  this  box, 
which  also  contains  a  thermometer,  D,  is 
kept  in  motion  until  it  has  completely 
absorbed  all  the  heat  given  off  by  A.  Let 
1  represent  the  temperature  to  which  A  and  its  contents  were  raised  in  the  mercury  bath  and 
T,  the  temperature  to  which  it  fell  in  the  calorimeter  ;  let  s  be  the  specific  heat,  and  m  the 
weight  of  the  solid  substance  in  the  test-tube,  while  tr  and  represent  the  specific  heat  of  the 
weight  of  the  interstitial  fluid  in  the  test-tube  ;  and  lastly,  let  to  equal  the  amount  of  water  in 
contact  with  A,  which  absorbs  and  gives  off  heat  ;  then  W  represents  the  amount  of  heat 
which  the  test-tube  and  its  contents  give  off  during  cooling. 


Fig.  231. 

Kopp's  apparatus  for  estimating  specific  heat. 


CALORIMETKY. 


W-(s.TO  +  w  +  ff  ^^)  (T-Ti) . 
The  amount  of  heat,  "Wi,  absorbed  by  the  calorimeter  is 

where  U  represents  the  amount  of  water  in  the  calorimeter,  i  the  original  temperature  of  the 
water  in  the  calorimeter,  and  the  temperature  to  which  it  is  raised  by  placing  A  in  it.  If 
\V  and  Wj  are  equal,  then 

the  specific  heat,  -  Q  -        <r . m)(T  -  T,) 

'<r-Ti) 

If  a  fluid  substance  is  placed  in  the  test-tube,  and  its  weight  =  m,  and  its  specific  heat  =  .v, 
'    the  formula  for  the  specific  heat  of  the  fluid  to  be  investiffated  is 

s  =  ^J(<i-<)-t^(T-Tj) 
m  (T  -  Ti) 

II.  Calorimetry  is  more  important  for  determining  the  amount  of  heat  produced 
in  a  g-iven  time  by  the  body  as  a  whole,  or  by  its  indiddual  parts. 

Lavoisier  and  Laplace  made  the  first  calorimetric  observations  on  animals  in  1783,  by  means 
of  an  ice-calorimeter  ;  a  guinea-pig  melted  13  oz.  of  ice  in  ten  hours.  Crawford,  and  afterwards 
Dulong  and  Despretz,  used  Rumford's  water-calorimeter,  which  is  similar  to  Favre  and 
Silbermann's.  Small  animals  are  placed  in  the  inner  thin-walled  copper  chamber  (K),  which 
is  placed  in  a  s\-ater-bath  surrounded  on  all  sides  by  some  non-conducting  material.  We 
require  to  know  the  amount  of  water,  and  its  original  temperature.  The  number  of  calories 
is  obtained  from  the  increase  of  the  temperature  at  the  end  of  the  experiment,  which  lasts 
several  hours.  The  air  is  supplied  to  the  animal  through  a  special  apparatus,  resembling  a 
gasometer.    The  amount  of  CO.,  in  the  gases  evolved  is  estimated. 

According  to  Despretz,  a  bitch  forms  14,610  heat-units  per  hour — i.e.,  393,000 
in  twenty- four  hours.  Other  things  being  equal,  a  man  seven  times  heavier  than 
this  would  produce  in  twenty-four  hours  about  2,750,000  calories.  Senator  found 
that  a  dog  weighing  6330  grms.  produced  15,370  calories,  and  excreted  at  the  same 
time  367  grms.  CO.,.  The  first  calorimetric  experiments  on  man  were  made  by 
Scharling  (1849).  Liebermeister  estimated  the  amount  of  heat  given  off  by  a  man 
placed  in  a  cold  bath,  which  was  surrounded  with  a  woollen  covering.  Leyden 
placed  a  lower  limb  in  the  calorimeter,  whereby  6000  grms.  water  were  raised  1° 
C.  in  an  hour.  If  we  assume  that  the  total  superficial  area  of  the  body  is  fifteen 
times  greater  than  that  of  the  leg,  the  human  body  would  produce  2,376,000 
calories  in  twenty-four  hours. 

212.  THERMAL  CONDUCTIVITY  OF  TISSUES.— The  thermal  conductivity  of  animal 
tissues  is  of  special  interest  in  connection  with  the  .skin  and  subcutaneous  fatty  tissue.  The 
fatty  layer  under  the  skin,  more  especially  in  the  whale,  walrus,  and  seal,  forms  a  protective 
covering,  whereby  the  conduction  of  heat  from  internal  organs  is  rendered  almost  impossible. 
Investigations  upon  this  .subject,  however,  are  few.  Griess  attempted  to  estimate  the  thermal 
conductivity  by  heating  one  jiart  of  the  tissue,  and  determining  when  and  in  what  direction 
pieces  of  wax  placed  on  the  tissue  to  be  investigated  liegan  to  melt.  He  investigated  the 
stomach  of  the  sheep,  the  bladder,  skin,  hoof,  horn,  and  bones  of  an  ox,  deer's  horn,  ivory, 
mother-of-pearl,  shell  of  haliotis.  He  found  that  fibrous  tissues  conducted  heat  more  readily 
in  the  direction  of  their  fibres  than  at  right  angles  to  the  course  of  the  fibres.  Hence,  the 
figures  obtained  from  the  melted  wax  were  usually  elliptical.  Landois  has  made  similar 
observations,  and  he  finds  that  tissues  conduct  better  in  the  direction  of  their  fibres.  After 
bones,  blood-clot  wa.s-the  best  conductor,  then  followed  spleen,  liver,  cartilage,  tendon,  muscle, 
elastic  tissue,  nail  and  hair,  bloodless  .skin,  gastric  mucous  membrane,  washed  fibrin.  It  is 
specially  interesting  to  note  how  much  better  skin  containing  li/ood  in  its  blood-vessels 
conducts  than  does  bloodless  skin.  Hence  little  heat  is  given  oft'  from  a  bloodless  skin,  while 
congested  skin  conducts  and  gives  off  much  more  heat. 

Like  all  other  substances,  the  human  body  is  enlarged  by  heat.  A  man  weighing  60  kilos., 
and  whose  temperature  is  raised  from  37°  C.  to  40"  C,  is  enlarged  about  62  cubic  centimetres. 
Connective-tissue  (tendon)  is  extended  by  heat,  while  elastic  tissue  and  the  skin,  like  caoutchouc, 
are  contracted. 

213.  VARIATIONS   OF  THE  MEAN  TEMPERATURE.— (1)  General 

Climatic  and  Somatic  Influences. — In  the  tropics  the  mean  temperature  of  the 
body  is  about  V  C.  higher  than  in  temperate  climates,  where  again  it  is  several 
tenths  of  a  degree  warmer  than  in  cold  climates  :  but  this  has  recently  been 
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denied.  The  difference  is  comparatively  trivial,  when  we  remember  that  a  man  is 
subjected  to  a  variation  of  over  40"  C.  in  passing  from  the  equator  to  the  poles. 
Observations  on  more  than  4000  persons  show  that  when  a  person  goes  from  a 
warm  to  a  cold  climate,  his  temperature  is  but  slightl}'  diminished,  but  when  he 
goes  from  a  cold  to  a  warm  climate  his  temperature  rises  relatively  considerably 
more.  In  the  temperate  zone,  the  temperature  of  the  body  during  a  colil  u'infer  is 
usually  0-1'  to  O  S"  C.  lower  than  it  is  on  a  warm  summer  day.  The  elevation  of 
a  place  above  .sea-level  has  no  obvious  effect  on  the  temperature  of  the  body. 
There  seems  to  be  no  difference  in  different  races,  nor  in  the  sexes,  other  conditions 
being  the  same.  Persons  of  powerful  physique  and  constitution  are  said  to  have 
generally  a  slightly  higher  temperature  than  feeble,  weak,  aucBmic  persons. 

(2)  Influence  of  the  General  Metabolism. — As  the  formation  of  heat  depends 
upon  the  transformation  of  chemical  compounds,  whose  chief  final  products,  in 
addition  to  HoO,  are  CO.,  and  urea,  the  amount  of  heat  formed  must  go  2'((>'i 
with  the  amount  of  these  excreta.  The  more  rapid  metabolism  which  sets  in  aftei- 
a  full  meal  causes  a  rise  of  temperature  to  several  tenths  of  a  degree  ("  Digestion- 
fever  ").  As  the  metabolism  is  much  diminished  during  hunger,  this  explains  why 
the  mean  temperature  in  a  fasting  man  is  36"6°, while  it  is  ST'IT'  on  ordinary  days 
(§  237). 

Jiirgensen  also  found  that  the  temperature  fell  on  the  fir.st  clay  of  inanition  (although  there 
was  a  temporary  rise  on  the  second  day).  In  experiments  made  upon  starving  animals,  the 
temperature  at  first  fell  rapidly,  then  remained  constant  for  a  considerable  time,  while  darin<i 
the  last  days  it  fell  considerably.  Schmidt  starved  a  cat — on  the  15th  day  the  temperature  waf< 
38-6°;  on  the  16th,  17th,  37'64'-';  18th,  35-8°;  19th  (death)  =  33-0°.    Chossat  found  that 

starving  mammals  and  birds  had  a  temperature  16°  C.  below  normal  on  the  day  of  their  death. 

(3)  Age  has  a  decided  effect  upon  the  temperature  of  the  body.  The  extent  of 
the  general  metabolism  is  in  part  an  index  of  the  heat  of  the  body  at  different  ages, 
but  it  is  possible  that  other,  as  yet  unknown,  influences  are  also  active. 


Age. 

Jlean  Temperature  at  the 
Ordinary  Temperature. 

Normal  Limits. 

Where  Measured. 

Newly-born, 

37-45°  C. 

37-35-37-55°  C. 

Rectum. 

5-9  year. 

37-72 

36-87-37-62 

Jlouth  and  Rectum. 

15-20  „ 

37-37 

36-12-38-1 

Axilla. 

21-30  ,, 

37-22 

25-30  ,, 

36-91 

J  > 
) ) 

31-40  „ 

37  1 

36-25-37-5 

> ) 

41-50  „ 

36-87 

51-60  ,, 

36-83 

) ) 

80 

37-46 

? ) 

Mouth. 

Ne-wly-born  animals  exhibit  peculiarities  owing  to  the  sudden  change  in  their 
conditions  of  existence.  Immediately  after  birth,  the  infant  is  0*3°  warmer  than 
the  vagina  of  the  mother,  viz.,  37-86°.  A  short  time  after  birth,  the  temperature 
falls  0-9",  while  twelve  to  twenty-four  hours  afterwards,  it  has  risen  to  the  normal 
temperature  of  an  infant,  which  is  37-45\  Several  irregular  variations  occur 
during  the  first  weeks  of  life.  During  sleep,,  the  temperature  of  an  infant  falls 
0-34°  to  0-5G°,  while  continued  crying  may  raise  it  several  tenths  of  a  degree. 
Old  people,  on  account  of  their  feeble  metabolism,  produce  little  heat ;  they 
become  cold  sooner,  and  hence  ought  to  wear  warm  clothing  to  keep  up'  their 
temperature. 

(4)  Periodical  Daily  Variations.— In  the  course  of  twenty-four  hours  there  are 
regular  periodic  variations  in  the  mean  temperature,  and  these  occur  at  all  ages. 
As  a  general  rule,  the  temperature  continues  to  rise  clurin<i  the  day  (maximum  at 
5  to  8  P.M.),  while  it  continues  to  fall  daring  the  night  (minimum  2  to  6  a.m.). 
The  mean  temperature  occurs  at  the  third  hour  after  breakfast. 
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The  mean  height  of  all  the  temperatures  taken  during  a  day  in  a  patient  is 
called  the  "  daily  mean,"  and  according  to  Jaeger  it  is  37-13°  in  the  rectum  in 
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Variations  of  the  daily  temperature  in  health  during  twenty-four  hours, 
after  Liebermeister ;  J  


after  Jurgensen. 


health.  A  daily  mean  of  more  than  37-8°  is  a  "  fever  temperature,"  while  a  mean 
under  37-0°  C.  is  regarded  as  a  "collapse  temperature." 


Time. 


Morning,  5 
6 
7 
8 
9 
10 
11 

Mid-day,  12 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Night,  12 
1 
2 
3 
4 


Biirensprung. 


36-68 
37'-16* 
37  "26 

36-87 

36-  83 

37-  15* 
37-48 
37-43 
37-02* 
36-85 
36-65 

36-81 


J.  Daw. 


Hallmann. 


Gierse. 


Jiirgensen. 


Jager. 


36-94* 

36-89 

36-  89 

37-  05 

37-17 
37-05* 
6i  =  36-83 
7i  =  36-50* 

36-72 
36-44 


36-63 

36-  80* 

101  =  37-36 

37-  21 

5^  =  37-31 
37-31* 

36-70 


36-  98 

37-  08" 

37-23 


37-13 

37-50* 

37-43 

37-43 
37  -29 


37-29 
36-81 


36-7 
36-7 
36-7* 
36-8 

36-  9 

37-  0 
37-2 
37-3* 


3 
4 

4* 
4 
5 


37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37-1 
37-0 
36-9 
36-8 
36-7 


5* 
4 
4 

3 
2 


36-6 
36-4 
36-5* 
36-7 

36-  8 

37-  0 
37-2 
37-3* 
37-3 
37-4 
37-3* 
37-3 
37-5 
37-6 
37-6* 
37-7 
37-5 
37-4 
37-1 
36-9 
36-9 
36-7 
36-7 
36-7 


36 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
36 
36 
36 
36 
36 
36 
36 
36 


1 

5* 

4 

5 

5 

3 

5* 
4 
5 
5 

5* 
5 
4 
3 

1* 

9 

8 

8 

9 

9 

8 

7 

7 


As  tlie  variations  occur  when  a  person  is  starved  for  a  day-although  those  that  occur  at 
the  periods  at  which  food  ought  to  have  been  taken  are  less-it  is  obvious  that  the  variations 
are  not  due  entirelv  to  the  taking  of  food.    [The  *  indicates  taking  o  food  ] 

The  daily  variation  in  the  frequency  of  the  pulse  often  coincides  witii  variation  of  the 
temperature.  Barensprung  found  that  the  mid-day  temperature  maximum  slightly  preceded 
the  pulse  maximum  (§  70,  3,  C).  _  •  ,  1 

If  we  sleep  during  the  day,  and  do  all  our  daily  duties  during  the  night,  the 
above  described  typical  course  of  the  temperature  is  reversed.  With  regard  to  the 
effect  of  activity  or  rest,  it  appears  that  the  activity  of  the  muscles  during  the  day 
tends  to  increase  the  mean  temperature  slightly,  while  at  night  the  mean  tempera- 
ture is  less  than  in  the  case  of  a  person  at  rest, 
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The  oeripheral  parts  of  the  body  exhibit  more  or  less  regiihir  variations  of  their  temperature 
In  the  palm  of  the  hand,  the  progress  of  events  is  the  following :-After  a  relatively  h.gh  night 
teinperatiue  there  is  a  rapid  fall  at  6  a.m.,  vhich  reaches  its  minimnm  at  9  to  10  a  m.  llns  is 
followed  by  a  slow  rise,  which  reaches  a  high  maximum  after  dinner;  it  falls  between  i  to 
p  M  and  after  two  or  three  hours  reaches  a  minimum.  It  rises  from  6  to  8  p.m.,  and  talis 
Rgain  towards  morning.  A  rapid  fall  of  the  temperature  in  a  peripheral  part  corresponds  to  a 
rise  of  temjierature  in  internal  parts. 

(5)  Many  operations  upon  the  body  affect  the  temperature.    After  hsemorrhage 

the  temperature  falls  at  first,  but  it  rises  again  several  tenths  of  a  degree,  and  is 
u.sually  accompanied  by  a  shiver  or  slight  rigor;  several  days  thereafter  it  falls  to 
normal,  and  may  even  fall  somewhat  below  it.  The  sudden  loss  of  a  large  amount 
of  blood  causes  a  fall  of  the  temperature  of  i  to  T  C.  Very  long-continued 
lictmorrhage  (dog)  causes  it  to  fall  to  ST  or  29°  C. 

This  is  obviously  due  to  the  diminution  of  the  processes  of  oxidation  in  the  ansemic  body, 
and  to  the  enfeebled  circulation.  Similar  conditions  causing  diminished  metabolism  ettect  the 
same  result.  Continued  stimulation  of  the  peripheral  end  of  the  vagus,  so  that  the  heart  s 
action  is  enormously  slowed,  diminishes  the  temperature  several  degrees  in  rabbits  {Landms 
and  A  mnion). 

Tlie  transfusion  of  a  considerable  quantity  of  blood  raises  the  temperature 
about  half  an  hour  after  the  operation.  This  gradually  passes  into  a  febrile  attack, 
which  disappears  within  several  hours.  When  blood  is  transfused  from  an  artery 
to  a  vein  of  the  same  animal,  a  similar  result  occurs  (§  102). 

(6)  Many  poisons  diminish  the  temperature,  e.g.,  chloroform  and  the  anresthetics, 
alcohol  (§  235),  digitalis,  quinine,  aconitin,  muscarin.  These  appear  to  act  partly 
by  rendering  the  tissues  less  liahle  to  undergo  molecular  transformations  for  the  pro- 
duction of  heat.  In  the  case  of  the  anaesthetics,  this  effect  perhaps  occurs,  and  is 
due  possibly  to  a  semi-coagulation  of  the  nervous  substance  (?).  They  may  also 
act  partly  by  influencing  the  giving  of  heat  (§  214,  IL).  Other  poisons 
increase  the  temperature  for  opposite  reasons. 

Tlie  temperature  is  increased  by  strychnin,  nicotiu,  picrotoxin,  veratrin,  laudanin. 

(7)  Various  diseases  diminish  the  temperature,  wliich  may  be  due  either  to  lessened  produc- 
tion of  heat  (diminution  of  the  metabolism),  or  to  increased  expenditure  of  heat.  Loeweiihardt 
found  that  in  paralytics  and  in  insane  persons,  several  weeks  before  their  death,  the  rectal 
temperature  was  30°  to  31°  C,  in  diabetes  30°  C.  or  less  ;  the  lowest  temperature  observed  and 
life  retained,  in  a  drunk  person  was  24°  C. 

The  temperature  is  increased  \n  fever,  and  the  highest  point  reached  just  before  death,  and 
recorded  by  Wunderlich,  was  44*65°  C.  (compare  §  220). 

214.  REGULATION  OF  THE  TEMPERATURE.— As  the  bodily  temperature 
of  man  and  similar  animals  is  nearly  constant,  notwithstanding  great  variations  in 
the  temperature  of  their  surroundings,  it  is  clear  that  some  mechanism  must  exist 
in  the  body,  whereby  the  heat  economy  is  constantly  regulated.  This  may  be 
brought  about  in  two  ways  ;  either  by  controlling  the  transformation  of  potential 
energy  into  heat,  or  by  affecting  the  amount  of  heat  given  off  according  to  the 
amount  produced,  or  to  the  action  of  external  agencies. 

[The  constancy  or  thermostatic  condition  of  the  temperature  is  brought  about  by 
three  co-operant  factors,  the  thermogenic  or  heat-producing,  the  thermolytic  or 
heat-discharging,  and  the  thermotaxic  or  mechanism  by  which  heat-production  and 
heat-loss  are  balanced,  and  it  is  obvious  that  the  last  must  be  in  relation  with  the 
other  two.  The  thermotaxic  mechanism  is  developed  last,  is  least  pronounced  in  the 
lowxr  vertebrata,  and  is  most  easily  liable  to  fail  under  injury  or  disease  {Mac- 
Alister).^ 

I.  Regulatory  Arrangements  governing  the  Production  of  Heat.— Lieber- 
meister  estimated  the  amount  of  heat  produced  by  a  healthy  man  at  1  •&  calorie  per 
minute.  It  is  highly  probable  that,  within  the  body,  there  exist  mechanisms 
which  determine  the  molecular  transformations,  ujion  which  the  evolution  of  heat 
depends.    This  is  accomplished  chiefly  in  a  reflex  manner.    The  peripheral  ends  of 
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cutaneous  nerves  (by  thermal  stimulation),  or  the  nerves  of  the  intestine  and  the 
digestive  glands  (by  mechanical  or  chemical  stimulation  during  digestion  or  inani- 
tion), may  be  irritated,  whereby  impressions  are  conveyed  to  the  heat-centre,  which 
sends  out  impulses  through  efferent  fibres  to  the  depots  of  potential  energy,  either 
to  increase  or  diminish  the  extent  of  the  transformations  occurring  in  them.  The 
nerve  channels  herein  concerned  are  entirely  unknown.  Many  considerations, 
however,  go  to  support  such  an  hypothesis  (§  377). 

[Thermotaxic  Mechanism,  Thermal  Nerves  and  Centres.— Just  as  the  respiration  ami  the 
state  of  the  blood-vessels  are  regulated  from  a  central  focus,  so  the  (question  arises,  does  the 
same  obtain  with  regard  to  tenii)erature.  Studying  this  (question,  however,  it  must  be  borne 
in  mind  that  thennometric  observations  alone  are  not  sufficient  ;  the  true  test  must  be  calori- 
metric.  Sir  Benjamin  Brodie  observed  that  in  a  case  of  injury  of  the  spinal  cord  in  the  neck 
the  temperature  in  the  thigh  rose  very  high.  In  some  cases  the  temperature  falls.  Wood  has 
shown  that  section  of  cord  above  the  origin  of  the  splanchnics  leads  to  decided  increase  in  the 
amount  of  heat  dissipated,  but  to  a  decided  diminution  of  heat-production.  The  vaso-motor 
paralysis  has  much  to  do  in  these  cases  with  the  loss  of  lieat.  In  warm-blooded  animals, 
exposed  to  a  high  tempcniture,  the  heat-production  is  diminished,  but  when  they  are  exposed 
to  a  low  temperature  it  is  increased.  If  a  warm-blooded  animal's  medulla  oblongata  be  divided, 
there  is  a  fall  of  temperature,  chiefly  due  to  its  vaso-niotor  paralysis,  and  such  an  animal  behaves, 
as  regards  the  effect  of  heat  and  cold,  exactly  like  a  poikilothermal  animal,  i.e.,  its  metabolism 
and  heat-production  are  increased  by  cold  and  diminished  by  heat.  If,  however,  the  incision 
be  maile  above  the  pons,  so  as  to  leave  the  vaso-motor  centre  intact  in  the  dog,  there  is  a  rise  of 
the  temperature  and  increased  heat-production  for  24  hours  afterwards.  This  suggests  the  idea 
that  this  region  is  traversed  by  inhibitory  nerves,  so  that  when  they  are  cut  off  from  their  centres 
situate  above,  the  augmentor  nerves  can  act  more  vigorously.  This  suggests  the  existence  of 
therino-inhibitory  centres  situate  higher  up  in  the  brain.  If  an  animal  be  curarised,  not  only 
is  there  paralysis  of  voluntary  motor  acts,  but  on  stimulating  an  ordinary  motor  nerve,  not 
only  is  there  no  muscular  contraction,  but  there  is  no  rise  of  temperature  of  the  muscles  supplied 
by  that  nerve.  In  such  an  animal  the  temperature  rises  and  falls  with  the  temperature  of  the 
surrounding  medium.  Even  although  the  respirations  be  kept  constant  and  the  vaso-motor 
nerves  intact,  the  thermogenic  activity  of  muscles,  therefore,  seems  to  be  dependent  on  their 
innervation.] 

[Cerebral  Centres.— Ajiart  fi-om  the  cortical  heat  centres  (§  377),  Ott,  Aronsohn,  Sachs, 
Richet  and  others  have  shown  that  if  a  needle  be  thrust  through  the  skull  and  brain,  so  as 
to  injure  certain  deeper-seated  parts,  there  is  a  rise  of  temperature  and  increased  heat-produc- 
tion for  several  hours.  The  experiment  may  be  repeated  several  times  in  the  same  rabbit.  Ott 
gives  three  areas  which,  when  so  injured,  cause  these  effects — (1)  a  part  of  the  brain  in  the 
median  side  of  the  corpus  striatum,  and  near  the  nodus  cursorius  ;  (2)  a  part  between  the  corpus 
striatum  and  the  optic  thalamus  ;  aiul  (3)  the  anterior  end  of  the  optio  thalamus  itself.  From 
the  effect  of  atropin,  Ott  suggests  the  existence  of  spinal  centres  as  well.] 

Tlie  following  phenomena  indicate  the  existence  of  mechanisms  regulating  the 
production  of  heat  :— 

(1)  The  temporary  application  of  moderate  cold  raises  the  hodily  tem2Jerature, 
while  heat,  similarly  applied  to  the  external  surface,  lowers  it  (§§  222  and  224). 

(2)  Cooling  of  the  surroundings  increases  the  amount  of  CO.,  excreted,  by  in- 
creasing the  production  of  heat,  while  the  O  consumed  is  also  increased  simul- 
taneously; heating  the  surrounding  medium  diminishes  the  COo  (§  127,  5). 

D,  Finkler  found,  from  experiments  upon  guinea-pigs,  that  the  production  of  heat  was  more 
than  doubled  when  the  surrounding  temperature  was  diminished  24°  C.  The  metabolism  of  the 
guinea-pig  is  increased  in  winter  23  per  cent,  as  compared  with  summer,  so  that  tlie  same  rela- 
tion obtains  as  in  the  ca.se  of  a  diminution  of  the  surrounding  temperature  of  short  duration. 

C.  Ludwig  and  Sanders- Ezn  found  that  in  a  )'abbit  there  was  a  rapid  increase  in  the  amount 
of  CO.2  given  off,  when  the  surroundings  were  cooled  from  38"  to  6°  or  T  C.  ;  while  the  excre- 
tion was  diminished  when  the  surrounding  temperature  was  raised  from  4°-9°  to  35°-37°,  so 
that  the  thermal  stimulation,  due  to  the  temperature  of  the  surrounding  medium,  acted  upon 
the  combustion  within  the  Ijody.  Pfliiger  found  that  a  rabbit  which  was  dipped  in  cold  water 
used  more  0  and  excreted  more  COj. 

If  the  cooling  action  was  so  great  as  to  reduce  the  hodily  temperature  to  30°,  the  exchange  of 
gases  diminished,  and  where  the  temperature  fell  to  20°,  the  exchange  of  gases  was  diminished 
one-half.  It  is  to  be  remembered,  however,  that  the  excretion  of  CO.,  does  not  go  hand  in 
hand  with  tlie  formation  of  COj.  If  mammals  be  placed  in  a  wnrm  bath,  which  is  2°  to  3° 
higher  than  their  own  temperature,  the  excretion  of  CO.,  and  the  consumption  of  0  are  increased. 
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owing  to  the  stimulation  of  their  metabolism,  while  tlie  excretion  of  urea  is  also  increased  in 
animals  and  in  man     133,  5). 

(3)  Cold  acting  ui)on  the  skin  causes  involuntary  muscular  movements 
(shivering,  rigors),  and  also  voluntary  movements,  both  of  which  produce  heat. 

The  cold  excites  the  action  of  the  muscles,  which  is  connected  with  processes  of  oxidation 
{Pfliir/cr).  After  ])oisoning  with  curara,  which  paralyses  voluntary  motion,  this  regulation  of 
the  lieat  falls  to  a  minimum  {Bohrig  and  Ziaitz),  [while  the  bodily  temperature  rises  and  I'alls 
with  a  rise  or  fall  in  the  temperature  of  the  surrounding  medium]. 

(4)  Variations  in  the  temperature  of  the  surroundings  aflEect  the  appetite 

for  food  ;  in  winter,  and  in  cold  regions,  the  sensation  of  hunger  and  the  appetite 
for  the  fats,  or  such  substances  as  yield  much  heat  when  they  are  oxidised,  are 
increased  ;  in  summer,  and  in  hot  climates,  they  are  diminished.  Thus  the  mean 
temperature  of  the  surroundings,  to  a  certain  extent,  determines  the  amount  of  the 
heat-producing  substances  to  be  taken  in  the  food. 

II.  Regulatory  Mechanisms  governing  the  Excretion  of  Heat  or  Thermolysis. 
— The  mean  amount  of  heat  given  otf  by  the  human  skin  in  twenty-four  hours,  by 
a  man  weighing  82  kilos.,  is  2092  to  2592  calories,  i.e.,  1-36  to  1-60  per  minute. 

(1)  Heat  causes  dilatation  of  the  cutaneous  vessels  ;  the  skin  becomes  red, 
congested,  and  soft  ;  it  contains  more  fluids,  and  becomes  a  better  conductor  of 
heat  ;  the  epithelium  is  moistened,  and  sweat  appears  upon  the  surface.  Thus 
increased  excretion  of  heat  is  provided  for,  while  the  evaporation  of  the  sweat  also 
abstracts  heat. 

The  amount  of  heat  necessary  to  convert  into  vapour  1  grm.  of  water  at  100°  C,  is  equal  to 
that  required  to  heat  10  grms.  from  0°  to  53 '67°  C.  The  sweat  as  secreted  is  at  the  temperature 
of  the  body ;  if  it  were  completely  changed  into  vapour,  it  would  require  the  heat  necessary  to 
raise  it  to  the  boiling  point,  and  also  that  necessary  to  convert  it  into  vapour. 

Cold  causes  contraction  of  the  cutaneous  vessels  ;  the  skin  becomes  pale,  less 
soft,  poorer  in  juices,  and  collapsed  ;  the  epithelium  becomes  dry,  and  does  not 
permit  fluids  to  pass  through  it  to  be  evaporated,  so  that  the  excretion  of  heat  is 
diminished.  The  excretion  of  heat  from  the  periphery,  and  the  transverse  thermal 
conduction  through  the  skin,  are  diminished  by  the  contraction  of  the  vessels  and 
muscles  of  the  skin,  and  by  the  expulsion  of  the  well-conducting  blood  from  the 
cutaneous  and  subcutaneous  vessels.  The  cooling  of  the  body  is  very  much  aflfected, 
owing  to  the  diminution  of  the  cutaneous  blood-stream,  just  as  occurs  when  the 
current  through  a  coil  or  worm  of  a  distillation  apparatus  is  greatly  diminished. 
If  the  blood-vessels  dilate,  the  temperature  of  the  surface  of  the  body  rises,  the 
diff"erence  of  temperature  between  it  and  the  surrounding  cooler  medium  is  increased, 
and  thus  the  excretion  of  heat  is  increased.  Tomsa  has  shown  that  the  fibres  of 
the  skin  are  so  arranged  anatomically,  that  the  tension  of  the  fibres  produced  by 
the  erector  pili  muscles  causes  a  diminution  in  the  thickness  of  the  skin,  this  result 
being  brought  about  at  the  expense  of  the  easily  expelled  blood. 

By  the  systematic  application  of  stimuli,  e.g.,  cold  baths,  and  washing  with  cold  water,  the 
muscles  of  the  skin  and  its  blood-vessels  may  be  caused  to  contract,  and  become  so  vigorous  and 
excitable,  that  when  cold  is  suddenly  applied  to  the  body,  or  to  a  part  of  it,  the  excretion  of 
heat  is  energetically  prevented,  so  that  cold  baths  and  washing  with  cold  water  are,  to  a  certain 
extent,  "gymnastics  of  the  cutaneous  muscles,"  which,  under  the  above  circumstances,  protect 
the  body  from  cold. 

(2)  Increased  temperature  causes  increased  heart-beats,  while  diminished 
temperature  diminishes  the  number  of  contractions  of  the  heart  (§  58,  II.,  a). 

The  relatively  warm  blood  is  pumped  by  the  action  of  the  heart  from  the 'internal 
organs  of  the  body  to  the  surface  of  the  skin,  where  it  readily  gives  off  heat.  The 
more  frequently  the  same  volume  of  blood  passes  through  the  skin— twenty-seven 
heart-beats  being  necessary  for  the  complete  circuit  of  the  blood— the  greater  will 
be  the  amount  of  heat  given  off,  and  conversely.  Hence,  the  frequency  of  the 
heart- beat  is  in  direct  relation  to  the  rapidity  of  cooling.    In  very  hot  air  (over 
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100°  C.)  the  pulse  rises  to  over  160  per  minute.  The  same  is  true  in  fever  (§  70, 
3,  (■).    Liebermeister  gives  the  following  numbers  in  an  adult:— 

Pulse-beats,  per  min.,       78-6       91-2       99-8       108-5       110  lS7-:> 
Teniperatui-e  hi  C°.,       .    37°        BS"        39°         40'        41"  42° 

(3)  Increased  Temperature  increases  the  Number  of  Respirations.— Under 
ordinary  circumstances,  a  much  larger  volume  of  air  passes  through  the  lungs 
when  it  is  warmed  almost  to  the  temperature  of  the  body.  Further,  a  certain 
amount  of  watery  vapour  is  given  otf  with  each  expiration,  which  must  be 
evaporated,  thus  abstracting  heat.  Energetic  respiration  aids  the  circulation,  so 
that  respiration  acts  indirectly  in  the  same  way  as  (2).  According  to  other 
observers,  the  increased  consumption  of  O  favours  the  combustion  in  the  body, 
whereby  the  increased  respiration  must  act  in  producing  an  amount  of  heat  greater 
than  normal  (§  127,  8).  This  excess  is  more  than  compensated  for  by  the  cooling 
factors  above  mentioned.  Forced  respiration  produces  cooling,  even  when  the  air 
breathed  is  heated  to  54"  C,  and  saturated  with  watery  vapour. 

(4)  Covering  of  the  Body. — Animals  become  clothed  in  wdnter  w4th  a  winter 
fur  or  covering,  w^hile  in  summer  their  covering  is  lighter,  so  that  the  excretion  of 
heat  in  surroundings  of  different  temperatures  is  thereby  rendered  more  constant. 

Many  animals  which  live  in  very  cold  air  or  water  (whale)  are  protected  from 
too  rapid  excretion  of  heat  by  a  thick  lai/er  of  fat  under  the  skin.  Man  provides 
for  a  similar  result  by  adopting  summer  and  winter  clothing. 

(5)  The  position  of  the  body  is  also  important ;  pulling  the  parts  of  the  body 
together,  approximation  of  the  head  and  limbs,  keep  in  the  heat ;  spreading  out 
the  limbs,  erection  of  the  hairs,  pluming  the  feathers,  allow  more  heat  to  be  evolved. 
If  a  rabbit  be  kept  exposed  to  the  air  with  its  legs  extended  for  three  hours,  the 
rectal  temperature  will  fall  from  39°  C.  to  37°  C.  Man  may  influence  his 
temperature  by  remaining  in  a  warm  or  a  cold  room — by  taking  hot  or  cold 
drinks,  hot  or  cold  baths — remaining  in  air  at  rest  or  air  in  motion,  e.g.,  by  using 
a  fan. 

CLOTHING. — Warm  Clothing  is  the  Eqiiivalent  of  Food. — As  clothes  are  intended  to  keep 
in  the  heat  of  the  body,  and  heat  is  produced  by  the  combustion  and  oxidation  of  the  food,  we 
may  say  the  body  takes  in  heat  directly  in  the  food,  while  clothing  prevents  it  from  giving 
off  too  much  heat.  Summer  clothes  weigh  3  to  4  kilos.,  and  winter  ones  6  to  7  kilos. 
In  connection  with  clothes,  the  following  considerations  are  of  importance  : — 
(1)  27icir  caijndty  for  conduction. — Those  substances  which  conduct  heat  badly  keep  us 
warmest.  Hare-skin,  do^vn,  beaver-skin,  raw  silk,  taffeta,  sheep's  wool,  cotton  wool,  fla.\-, 
spun-silk,  are  given  in  order,  from  the  worst  to  the  best  conductors.  (2)  The  capacity  for 
radiation. — Coarse  materials  radiate  more  heat  than  smooth,  but  colour  has  no  effect.  (3) 
Relation  to  the  sun's  rays. — Dark  materials  absorb  more  heat  than  light-coloured  ones.  (4) 
Their  hygroscopic  pro2)ertics  are  imi)ortant,  whether  they  can  absorb  much  moisture  from  the 
skin  and  gradually  give  it  off  by  evaporation,  or  the  reverse.  The  same  weight  of  wool  takes  up 
twice  as  much  as  linen  ;  hence,  the  latter  gives  it  off  in  evaporation  more  rapidly.  Flannel 
next  the  skin  is  not  so  easily  moistened,  nor  does  it  so  rapidly  become  cold  by  evaporation  ; 
hence  it  protects  against  the  action  of  cold.  (5)  The  permeability  for  air  is  of  importance,  but 
does  not  stand  in  relation  with  the  heat-conducting  capacity.  The  following  substances  are 
arranged  in  order  from  the  most  to  the  least  permeable — flannel,  buck-skin,  linen,  silk,  leather, 
waxcloth. 

215.  HEAT-BALANCE. — As  the  temperature  of  the  body  is  maintained 
within  narrow  limits,  the  amount  of  heat  taken  in  must  balance  the  heat  given  off, 
i.e.,  exactly  the  same  amount  of  potential  energy  must  be  transformed  in  a  given 
time  into  heat,  as  heat  is  given  off  from  the  body.  An  adult  produces  as  much 
heat  in  half  an  hour  as  will  raise  the  temperature  of  his  body  V  C.  If  no  heat 
were  given  off,  the  body  w  ould  become  very  hot  in  a  short  time ;  it  would  reach 
the  boiling  point  in  thirty-six  hours,  supposing  the  production  of  heat  continued 
uninterruptedly.  The  following  are  the  most  important  calculations  on  the 
subject : — 
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A.  Helmholtz  was  the  hist  to  estimate  numerically  the  amount  of  heat  produced  by  a 
man  : — 

(1)  Heat-income. — («)  A  healthy  adult,  weighing  82  kilos.,   expires  m 

twenty-lour  hours  878 "4  grms.  CO.,  (ScJutrliny).    The  combustion  of 

tlie  C "therein  into  COj  produces     '  •    1,730,760  cal. 

(b)  I'twt  he  takes  in  more  0  than  reappears  in  the  CO,  ;  the  excess  is 
used  in  oxidation-processes,  e.g.,  for  the  formation  of  HoO,  by 
union  with  H,  so  that  13,615  grms.  H  will  be  oxidised  by  the 

excess  of  0,  which  gives   .........  318,600 

2,049,360  cal. 

(c)  About  25  per  cent,  of  the  heat  must  be  referred  to  sources  other 

than  combustion  (Z'it/o?;;/),  so  that  the  total      .....  =2,732,000  ,, 
2,732,000  calories  are  actually  sufficient  to  raise  the  temperature  of  an  adult,  weighing 
80  to  90  kilos.,  from  10°  to  38°  or  39°  C,  i.e.,  to  a  normal  temperature. 

(2)  Heat-expenditure.— ((()  Heating  the  food  and  drink,  which 

have  a  mean  temperature  of  12°  C   70,157  cal.  =  2'6  per  cent. 

(b)  Heating  the  air  respired  =  16,400  grms.  with  an  initial 

temperature  of  20°  C   70,032       =  2-6 

( TFhcn  the  temperature  of  the  air  is  0°,  140,064  cal.  =5*2  per  cent.) 

(c)  Evaporation  of  656  grms.  water  by  the  lungs,       .       .       397,536  cal.  =  147  ,, 
{d)  The  remainder  given  off  by  radiation  and  evaporation  of 

water  by  the  .skin,       ......      {11 per  cent.  to)  =  ^Q'l  ,, 

B.  Dulong. — (1)  Heat-income. — Dulong  and  others  sought  to  estimate  the  amount  of  heat 
from  the  C  and  H  contained  in  the  food.  As  we  know  that  the  combustion  of  1  grm.  C  =  804O 
heat-units,  and  1  grm.  H  =  34,460  heat-units,  it  would  be  easy  to  determine  the  amount  of  heat 
were  the  C  simply  converted  into  CO.,  and  the  H  into  H.,0.  But  Dulong  omitted  the  H  in  the 
carbohydrates  {e.g.,  grape-sugar  =  CyHi.20fi)  as  producing  heat,  because  the  H  is  already  com- 
bined with  0,  or  at  least  is  the  proportion  in  which  it  exists  in  water.  This  assumption  is 
hypothetical,  for  the  atoms  of  C  in  a  carbohydrate  may  be  so  firmly  united  to  the  other  atoms, 
that  before  oxidation  can  take  place  their  relations  must  be  altered,  so  that  jiotential  energy  is 
used  up,  i.e.,  heat  must  be  rendered  latent;  so  that  these  considerations  rendered  the  following 
example  of  Dulong's  method  given  by  Vierordt  very  problematical  : — 

An  adult  eats  in  twenty-four  hours,  120  grms.  proteids,  90  grms.  fat,  and  340  grms.  starch 
(carbohydrates).    These  contain  : — 

Proteids,.  .  .  .         120  grms.  contain    64-18  C.  and  8-60  H. 

Fat,        .  .  .  .  90    .,         ,.        70-20  10-26 

Starch,    ....         330    ,,         ,,  146-82 


281-20   and  18-86 
The  urine  and  fiijces  contain  still  unconsumed,     ,  .29-8      ,,  6-3 


Remainder  to  be  burned,  .  .  .  251-4    and  12-56 

As  1  grm.  C  =  8040  heat-units  and  1  grm.  H  =  34,460  heat-units,  we  have  the  following  cal- 
culation : — 

251-4  X  8,040  =  -2,031, 312  (from  combustion  of  C). 
12-56x  34,460=    432,818  (   ,,  H). 


2,464,130  heat-units. 

(2)  Heat-expenditnre  : — 


Heat-units,    f  er  cent,  of 
the  excreta. 


1.  1900  grms.  are  excreted  daily  by  the  urine  and  fieces,  and  they 

are  25"  warmer  than  the  food,  47,500  1-9 

2.  13,000  gi'm.s.  air  are  heated  (from  12°  to  37°  C.)  (heat-capacity 

of  the  air  =  0-26),          ......  84,500  3-38 

3.  330  grms.  water  are  evaporated  by  the  respiration  (1  grm.  =  582 

heat-units),        .          .          .          .          .          .          .  192,060  7-68 

4.  660  grms.  water  are  evaporated  from  the  skin,    .          .          .  384,120  15-37 


.  Total,     .......  708,180 

Remainder  radiated  and  conducted  from  the  skin,       .  .  1,791,820  71-67 


Total  amount  of  heat-units  given  off,     .  .  .  2,500,000  100-00 

C.  Heat-income.— Frankland  burned  the  food  directly  in  a  calorimeter,  and  found  that 
1  grm.  of  the  following  substances  yielded  :— 
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Albumin,  1  gim.,     ....  4998  lieat-imits. 

Grape-sugar,  1  grm.,  .  .  _  3217 

Ox  fat,  1  grm.,         ....  9069  . 

The  albumin,  however,  is  only  oxidised  to  the  stage  of  urea,  hence  the  heat-units  of  urea 
must  be  deducted  from  4998,  Avhich  gives  4263  heat-units  obtainable  from  1  grm.  albumin. 
AVhen  we  know  the  number  of  grammes  consumed,  a  simple  nuiltiplication  gives  the  number 
of  heat-units. 

The  heat-units  will  vary,  of  course,  with  the  nature  of  the  food.  J.  Ranke  gives  the  fol- 
lowing : — 

With  animal  diet,  ....  2,779,524  heat-units. 

,,  food  free  from  N,  ....  2,059,506 
„    mixed  diet,  ....  2,200,000 

,,    during  hunger,      ....  2,012,816 

216.  VARIATIONS  IN  HEAT-PRODUCTION.— (1)  Influence  of  BodUy  Surface. -Rubner 
found  that  the  production  of  lieat  depended  more  upon  the  size  of  the  body  and  its  superficial 
area  than  upon  the  body-weight.  Small  or  young  animals  have  a  relatively  larger  surface  than 
large  or  older  ones,  and  as  the  removal  of  heat  takes  place  chiefly  from  the  external  surface, 
animals  with  a  larger  surface  must  produce  more  heat.  Small  animals  used  relatively  more  0. 
Rubner's  investigations  on  dogs  of  different  size  gave  a  heat-production  of  1,143,000  calories  for 
every  square  metre  of  cutaneous  surface.  On  comparing  the  body-weight  with  the  cutaneous 
surface  in  ditlereut  animals,  he  found  that  for  every  1  kilo,  of  body-weigbt  there  was  in  the  rat 
1650,  rabbit  946,  man  287  square  centimetres  of  surface. 

(2)  Age  and  Sex. — The  heat-production  is  less  in  infancy  and  in  old  age,  and  it  is  less  in 
proportion  in  the  female  than  in  the  male. 

(3)  Daily  Variation. — The  heat-production  shows  variations  in  twenty-four  hours  correspond- 
ing with  the  temperature  of  the  body  {§  213,  4). 

(4)  The  heat-production  is  gi'eater  in  the  waking  condition,  during  physical  and  mental 
exertion,  and  during  digestion,  than  in  the  opposite  conditions. 

217.  RELATION  OF  HEAT-PRODUCTION  TO  WORK— The  potential 
energy  supplied  to  the  body  may  be  transformed  into  heat  and  kinetic  energy 
(see  Introduction).  In  the  resting  condition,  almost  all  the  i)otential  energy  is 
changed  into  heat ;  the  workman,  however,  transforms  potential  energy  into  work 
— mechanical  work — in  addition  to  heat.  These  two  may  be  compared  by  using 
an  equivalent  measurement,  thus,  1  heat-unit  (energy  required  to  raise  1  gramme 
of  water  V  C.)  =  42.5'.5  gramme-metres. 

Belation  of  Heat  to  Work. — The  following  example  may  serve  to  illustrate  the  relation 
between  heat-production  and  the  production  of  work: — Suppose  a  small  steam-engine  to  be 
l)laced  within  a  capacious  calorimeter,  and  a  certain  quantity  of  coal  to  be  burned,  then  as  long 
as  the  engine  does  not  perform  any  mechanical  work,  heat  alone  is  ])roduced  by  the  burning  of 
the  coal.  Let  this  amount  of  heat  be  estimated,  and  a  second  experiment  made  by  burning  the 
same  amount  of  coal,  but  allow  the  engine  to  do  a  certain  amount  of  work — say,  raise  a  weight 
— by  a  suitable  arrangement.  This  work  must,  of  course,  be  accomplished  by  the  potential 
energy  of  the  heating  material.  At  the  end  of  this  experiment,  the  temperature  of  the  water 
will  be  much  less  than  in  the  first  experiment,  i.e.,  fewer  heat-units  have  been  transferred  to  the 
calorimeter  when  the  engine  was  heated  than  when  it  did  no  work.  Comparative  experiments 
of  this  nature  liave  shown  that  in  the  second  experiment,  the  useful  work  is  very  nearly  pro- 
portional to  the  decrease  of  the  heat  {Him). 

Compare  this  with  what  happens  within  the  body : — A  man  in  a  passive 
condition  forms  from'the  potential  energy  of  the  food  between  2i  to  2^  million 
calories.  The  work  done  by  a  workman  is  reckoned  at  300,000  kilogramme- 
metres  (§  300). 

If  the  organism  were  precisely  similar  to  a  machine,  a  smaller  amount  of  heat, 
corresponding  to  the  work  done,  would  be  formed  in  the  body.  As  a  matter  of 
fact,  the  organism  produces  less  heat  from  the  same  amount  of  potential  energy 
when  mechanical  work  is  done.  There  is  one  point  of  difference  between  a 
workman  and  a  working  machine.  The  workman  consumes  much  more  potential 
energy  in  the  same  time  than  a  passive  person  ;  much  more  is  transformed  in  his 
body ;  and  hence  the  increased  consumption  is  not  only  covered,  but  even  over- 
compensated.  Hence,  the  workman  is  warmer  than  the  passive  person,  owing  to 
the  increased  muscular  activity  (§210,  1,  //).    Take  an  example  :— Hirn  remained 
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passive,  and  absorbed  30  grm.  O  per  hour  in  a  calorimeter,  and  produced  155 
calories.  When  in  the  calorimeter  he  did  work  equal  to  27,450  kilogramme- 
metres,  which  was  transferred  beyond  it;  he  absorbed  132  grm.  O,  and  produced 
only  251  calories. 

In  estimating  the  work  done,  we  must  include  only  the  heat-equivalent  of  the  work  transferred 
beyond  the  body ;  lifting  weiglits,  pushing  anything,  throwing  a  weight,  and  lifting  the  body, 
are  exani[iles.  In  ordinary  walking  we  must  take  into  account  that  we  overcome  the  resistance 
of  the  air  and  the  activity  of  the  muscles. 

The  organism  is  superior  to  a  machine  in  as  far  as  it  can,  from  the  same  amount 
of  potential  energy,  produce  more  work  in  proportion  to  heat.  Whilst  the  very 
best  steam-engine  gives  ^  of  the  potential  energy  in  the  form  of  work,  and  |  as 
heat,  the  body  produces  i  as  work  and  4  as  heat.  Chemical  energy  can  never  do 
work  alone,  in  a  living  or  dead  motor,  without  heat  being  formed  at  the  same 
time. 

218.  ACCOMMODATION  FOR  VARYING  TEMPERATURES.— All  sub- 
stances which  possess  high  conductivity  for  heat,  when  brought  into  contact  with 
the  skin,  ajtpear  to  be  very  much  colder  or  hotter  than  bad  conductors  of  heat. 
The  reason  of  this  is  that  these  bodies  abstract  far  more  heat,  or  conduct  more 
heat  than  other  bodies.  Thus  the  water  of  a  cool  bath,  being  a  better  conductor 
of  heat,  is  always  thought  to  be  colder  than  air  at  the  same  temperature.  In  our 
climate  it  appears  to  us  that — 

Air,  at  18°  C.  is  moderately  warm  ;  Water,  at  18"  C.  is  cold  ; 

at  25°-28°  C,  hot ;  from  18°-29°  C,  cool ; 

,,    above  28°,  very  hot.  ,,       ,,     29°-35°  C,  warm  ; 

,,       ,,     37 '5°  and  above,  hot. 

Warm  Media. — As  long  as  the  temperature  of  the  body  is  higher  than  that  of 
the  surrounding  medium,  heat  is  given  off,  and  that  the  more  rapidly  the  better 
the  conducting  power  of  the  surrounding  medium.  As  soon  as  the  temperature  of 
the  surrounding  medium  rises  higher  than  the  temperature  of  the  body,  the  latter 
absorbs  heat,  and  it  does  so  the  more  rapidly  the  better  the  conducting  power  of 
the  medium.  Hence,  hot  water  appears  to  be  warmer  than  air  at  the  same 
temperature.  A  person  may  remain  eight  minutes  in  a  bath  at  45 •5"  C. 
(dangerous  to  life  ! ) ;  the  hands  may  be  plunged  into  water  at  50*5°  C,  but  not  at 
51  "65°  C,  while  at  60"  violent  pain  is  produced. 

A  person  may  remain  for  eight  minutes  in  hot  air  at  127°  C,  and  a  temperature 
of  132°  C.  has  been  borne  for  ten  minutes,  and  yet  the  body  temperature  rises  only  to 
38*6°  or  38"9°.  This  depends  upon  the  air  being  a  bad  conducter,  and  thus  it  gives 
less  heat  to  the  body  than  water  would  do.  Further,  and  what  is  more  important,  the 
skin  becomes  covered  with  sweat,  which  evaporates  and  abstracts  heat,  while  the 

lungs  also  give  off  more  watery  vapour.    The  enormously  increased  heart-beats  

over  160 — and  the  dilated  hlood-vesse/.%  enable  the  skin  to  obtain  an  ample  supply 
of  blood  for  the  formation  and  evaporation  of  sweat.  In  proportion  as  the  secretion 
of  sweat  diminishes,  the  body  becomes  unable  to  endure  a  hot  atmosphere  ;  hence 
it  is  that  in  ai7-  containing  inucli  xvatery  vapour  a  person  cannot  endure  nearly  so 
high  a  temperature  as  in  dry  air,  so  that  heat  must  accumulate  in  the  body.  In  a 
Turkish-vapour  bath  of  53°  to  60°  C,  the  rectal  temperature  rises  to  40-7°  or  41-6° 
C.  _  A  person  may  work  continuously  in  air  at  31°  C.  which  is  almost  saturated  with 
moisture. 

If  a  person  be  placed  in  water  at  the  temperature  of  the  body,  the  normal 
temperature  rises  1°  C.  in  one  hour,  and  in  11  hour  about  2°  C.  A  crj-adual 
increase  of  the  temperature  from  38-6°  to  40-2°  C.  causes  the  axillary  temperature 
to  rise  to  39'0°  within  fifteen  minutes. 

219.  STORAGE  OF  HEAT.— As  the  uniform  temperature  of  the  body,  under 
normal  circumstances,  is  due  to  the  reciprocal  relation  between  the  amount  of  heat 
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produced  and  the  amount  given  off,  it  is  clear  that  heat  must  be  stored  u[)  in  the 
body  when  the  evolution  of  heat  is  diminished.  The  skin  is  the  chief  organ 
regulating  the  evolution  of  heat ;  when  it  and  its  blood-vessels  contract,  the  heat 
evolved  is  diminished,  when  they  dilate,  it  is  increased.  Heat  may  be  stored  up 
when — 

(rt)  The  skin  is  extensively  stimulated,  whereby  the  cutaneoiis  vessels  arc  temporarily  con- 
tracted, (b)  Any  other  circumstances  prevent  heat  from  being  given  off  bv  the  skin,  (c) 
When  the  vaso-motor  centre  is  excited,  causing  all  the  blood-vessels  of  the  body— those  of  the 
skin  included— to  contract.  This  seems  to  be  the  cause  of  the  rise  of  temperature  after  trans- 
fusion  of  blood,  and  the  rise  of  temperature  after  the  sudden  removal  of  water  from  the  body  seems 
to  admit  of  a  similar  explanation,  as  the  inspissated  blood  occupies  less  space,  and  the  con- 
tracted vessels  of  the  skin  admit  less  blood,  (ri)  When  the  circulation  in  the  cutaneous  vessels 
of  a  large  area  is  mechanically  slowed,  or  when  the  smaller  vessels  are  plugged  by  the  injection 
of  some  sticky  substance,  or  by  the  transfusion  of  foreign  blood,  the  temperature  rises  (§  102). 

It  is  also  obvious  that  when  a  normal  amount  of  heat  is  given  off,  an  increased 
production  of  heat  must  raise  the  temperature.  The  rise  of  the  temperature  after 
muscular  or  mental  exertion,  and  during  digestion,  seems  to  be  caused  in  this  way. 
The  rise  which  occurs  several  hours  after  a  cold  bath  is  probably  due  to  the  reflex 
excitement  of  the  skin  causing  an  increased  production  [Jiirf/msen). 

When  the  temperature  of  the  body,  as  a  whole,  is  raised  6°  C,  death  takes  place, 
as  in  sunstroke.  It  seems  as  if  there  was  a  molecular  decomposition  of  the  tissues 
at  this  temperature ;  while,  if  a  slightly  lower  temperature  be  kept  up  continuoiisly, 
fatty  degeneration  of  many  tissues  occurs  {Litten).  If  animals,  which  have  been 
exposed  artificially  to  a  temperature  of  over  42°  to  44"  C,  be  transferred  to  a 
cooler  atmosphere,  their  temperature  becomes  sub-normal  (36°  C),  and  may  remain 
so  for  several  days. 

220.  FEVER. — Fever  consists  in  a  ^'disorder  of  the  body  heat'''  and  at  the  same  time  there 
is  greatly  increased  tissue  metabolism  (especially  in  the  muscles).  Of  course  the  mechanism 
regulating  the  balance  of  formation  and  expenditure  of  heat  is  disturbed.  During  fever  the 
body  is  greatly  incapacitated  for  performing  mechanical  work.  It  is  evident,  therefore,  that 
the  large  amount  of  potential  energy  transformed  is  almost  all  converted  into  heat,  so  that  the 
iion-transformatiou  of  the  energy  into  mechanical  work  is  another  important  factor.  We  may 
take  intermittent  fever  or  ague  as  a  ty^ie  of  fever,  in  which  violent  attacks  of  fever  of  several 
hours'  duration  alternate  with  periods  free  from  fever.  This  enables  us  to  analyse  the  symptoms. 
The  symptoms  of  fever  are  : — 

(1)  The  increased  temperature  of  the  body  (38°  to  39°  C,  slight;  from  39"  to  41°  C.  and  up- 
wards, severe). — The  high  temperature  occurs  not  only  in  cases  where  the  skin  is  red,  and  has 
a  hot  burning  feeling  (calor  mordax),  but  even  during  the  rigor  or  the  shivering  stage,  the 
temjierature  is  raised.  The  congested  red  skin  is  a  good  conductor  of  heat,  while  the  pale 
bloodless  skin  conducts  badly;  hence,  the  former  feels  hot  to  the  touch  (§  212). 

[The  following  table  in  °  C.  and  °  F.  indicates  generally  the  degree  of  fever : — 


35°  C. 

=  95°  F.  . 

Collapse 

39°  C.  =  102-2°  F. 

36 

=  96-8  . 

Low. 

39-5  =103-1 

36-5 

=  977  . 

Sub-normal. 

40  =104 

37 

=  98-6  . 

Normal. 

40-5  =104-9 

37-5 

=  99-5) 

41  =105-8 

38 

=  100-4 

Sub-febrile. 

38 -.5 

=  101-3  J 

} 
} 


Moderate  fever. 

High  fever. 

Hyperpyretic. 

Finlaysoii.  ] 

(2)  The  increased  production  of  heat  is  proved  by  calorimetric  observations.  This  is,  in 
small  part,  due  to  the  increased  activity  of  the  circulation  being  changed  into  heat  (§  206,  2,  a), 
but  for  the  most  part  it  is  due  to  increased  combustion  within  the  body. 

(3)  The  increased  metabolism  gives  rise  to  the  "consuming"  or  "wasting"  character  of 
fever,  which  was  known  to  Hipjiocrates  and  Galen.  In  1852  v.  Barenspruug  asserted  that 
"all  the  so-called  febrile  symptoms  show  that  the  metabolism  is  increased."  The  increase  of 
the  metabolism  is  shown  in  the  increased  excretion  of  CO.2  =  70  to  80  per  cent.,  while  more  0  is 
consumed,  although  the  respiratory  quotient  remains  the  same.  According  to  D.  Finkler,  the 
CO.,  excreted  shows  greater  variations  than  the  0  consumed.  The  excretion  of  urea  is  increased 
^  to  |.  In  dogs  suffering  from  septic  fever,  Naunyn  observed  that  the  urea  began  to  increase 
before  the  temperature  rose,  " prefebrile  rise."  Part  of  the  urea,  however,  is  sometimes  retained 
durino'  the  fever,  and  appears  after  the  fever  is  over,  "  epicritical  excretion  of  urea."    The  uric 
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acid  is  also  increased;  the  urine  pigment  (§  19),  derived  from  tlic  ha?moglobin,  may  be  increased 
twenty  times,  while  the  excretion  of  potash  may  be  seven-fold.  It  is  important  to  observe  that 
the  oxidation  or  combustion  processes  within  the  body  of  tlie  fever-patient  are  greatly  increased 
wlieii  he  is  placed  in  a  vanncr  atmosi)here.  The  oxidation  processes  in  fever,  however,  are  also 
increased  nuder  the  influence  olcoolcr  surroundings  (§  214,  I.,  2),  but  the  increase  of  the  oxida- 
tion in  a  warm  medium  is  very  much  greater  than  in  the  cold  {D.  Finkler).  The  amount  of 
CO.,  in  the  blood  is  diminished,  but  not  at  once  after  the  onset  even  of  a  very  severe  fever 
{Gcppert). 

(4)  The  diminished  excretion  of  heat  varies  in  different  stages  of  a  fever.  We  distinguish 
several  stages  in  a  fever — [a)  The  cold  stage,  when  the  loss  of  heat  i.s  greatly  diminished,  owing 
to  the  pale  bloodless  skin,  but  at  the  same  time  the  heat-production  is  increased  Ih  to  2i  times. 
The  sudden  and  considerable  rise  of  the  temperature  during  this  stage  shows  that  the  diminished 
excretion  of  heat  is  not  the  only  cause  of  the  rise  of  the  temperature,  {h)  During  the  hot  stage 
the  h):at  given  off  from  the  congested  red  skin  is  greatly  increased,  but  at  the  same  time  more 
heat  is  produced.  Liebermeister  assumes  that  a  rise  of  1,  2,  3,  4°  C.  corresi^onds  to  an  increased 
production  of  heat  of  6,  12,  IS,  24  per  cent,  (f)  In  the  sweating  stage  the  excretion  of  heat 
through  the  red  moist  skin  and  evaporation  are  greatest,  more  than  two  or  three  times  the 
normal.  The  lieat-production  is  either  increased,  normal,  or  sub-normal,  so  that  under  these 
conditions  the  temperature  may  also  be  sub-normal  (36°  C). 

(5)  The  heat-regulating  mechanism  is  injured. — A  warm  temperature  of  the  surroundings 
raises  the  temperature  of  the  fever-patient  more  than  it  does  that  of  a  non-febrile  ])erson.  The 
depression  of  the  heat-production,  which  enables  normal  animals  to  maintain  their  normal 
temperature  in  a  warm  medium  (g  214),  is  much  less  in  fever  {D.  Finkler). 

The  accessory  phenomena  of  fever  are  very  important : — Increase  in  the  intensity  and 
number  of  the  heart-beats  (§  214,  II.,  2)  and  respirations  (in  adults  40,  and  children  60  per 
miu. ),  both  being  compensatory  phenomena  of  the  increased  temperature ;  further,  diminished 
digestive  activity  and  intestinal  movements  (§  186,  D)  ;  disturbances  of  the  cerebral  activities; 
of  secretion;  of  muscular  activity;  slower  excretion,  e.g.,  of  potassium  iodide  through  the 
urine.  In  severe  fever,  molecular  degenerations  of  the  tissues  are  very  common.  For  the  con- 
dition of  the  blood-corpuscles  in  fever,  see  §  10,  the  vascular  tension,  §  69,  the  saliva,  §  146, 
digestion,  §  186. 

Quinine,  the  most  important  febrifuge,  causes  a  decrease  of  the  temperature  by  limiting  the 
production  of  heat  (§  213,  6).  Toxic  doses  of  the  metallic  salts  act  in  the  same  way,  while 
there  is  at  the  same  time  diminished  formation  of  CO.,.  [Antipyretics  or  Febrifuges. — All 
methods  which  diminish  abnormal  temperature  belong  to  this  group.  As  the  constant  tempera- 
ture of  the  body  depends  on  (1)  the  amount  of  heat-production,  and  (2)  the  loss  of  heat,  we 
may  lower  the  temperature  either  in  the  one  way  or  the  other.  When  cold  water  is  applied  to 
the  bod}',  it  abstracts  heat,  i.e.,  it  aff"ects  the  results  of  fever,  so  that  Liebermeister  calls  such 
methods  antithermic.  But  those  remedies  which  diminish  the  actual  heat-production  are  true 
antipyretic.  In  practice,  liowever,  both  methods  are  usually  employed,  and  spoken  of  col- 
lectively as  antipyretics.] 

[Amongst  the  metliods  which  are  used  to  abstract  heat  from  the  body,  are  the  application 
of  colder  fluids,  such  as  the  cold  bath,  affu.sion,  douche,  spray,  ice,  or  cold  mixtures,  &c.  A 
person  suffering  from  high  fever  reiiuires  to  be  repeatedly  placed  in  a  cold  bath  to  produce  any 
permanent  reduction  of  the  temperature.  Some  remedies  act  by  favouring  the  radiatioit 
of  heat,  by  dilating  the  cutaneous  vessels  (alcohol),  while  others  excite  the  sweat-glands— ^■.e., 
are  sudoj-ifics— so  that  the  water  by  its  evaporation  removes  some  heat.  Amongst  the  drugs 
whicli  influence  tissue  changes  and  oxidation,  and  thereby  lessen  heat-production,  are  tiuinine, 
salicylic  acid,  some  of  the  salicylates,  digitalis,  and  veratrin.  Blood-letting  was  formerly  used 
to  diminish  abnormal  temperature.  Amongst  the  newer  antipyretic  remedies  are  hydrochlorate 
of  kairin  and  antii)yriu,  both  of  which  belong  to  the  aromatic  group  (derivatives  of  benzol), 
which  includes  also  many  of  our  best  antiseptics.]  ' 

221.  ARTIFICIAL  INCREASE  OF  THE  BODILY  TEMPERATURE.— If 

mammals  are  kept  con.^tanthj  in  air  at  40°  C,  the  excretion  of  heat  from  the  body 
ceases,  so  that  the  heat  produced  is  stored  up.  At  first  the  temperature  falls  some- 
what for  a  very  short  time,  but  soon  a  decided  increase  occurs.  The  respirations 
and  pulse  are  increased,  while  the  latter  becomes  irregular  and  weaker.  The  0  ab- 
sorbed and  CO.,  given  off  are  diminished  after  six  to  eight  hours,  and  death  occurs 
after  great  fatigue,  feebleness,  spasms,  secretion  of  saliva,  and  loss  of  consciousness, 
when  the  bodily  temperature  has  been  increased  4°  or  at  most  6°  C.  Death  does 
not  take  place  owing  to  rigidity  of  the  muscles,  for  the  coagulation  of  the  myosin 
of  mammals'  muscles  occurs  at  49°  to  50°  C,  in  birds  at  53°  C,  and  in  frogs  at 
40°  C.    If  mammals  are  suddenly  placed  in  air  at  100°  C,  death  occurs  (in  15  to 
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20  niin.)  very  rapidly,  and  with  the  same  phenomena,  while  the  bodily  temperature 
nses  4r"  to  5"  C.  In  rabl^its  the  body-weight  diminishes  1  grm.  per  min.  Birds 
bear  a  high  temperature  somewhat  longer;  thev  die  when  their  blood  reaches  48° 
to  50°  C.  ^    >  J 

Even  man  may  remain  for  some  time  in  air  at  100-110-132°  C,  but  in  ten  to 
fifteen  minutes  there  is  danger  to  life.  The  skin  is  burning  to  the  touch,  and  red ; 
a  copious  secretion  of  sweat  bursts  forth,  and  the  cutaneous  veins  are  fuller  and 
redder.  The  pulse  and  respirations  are  greatly  accelerated.  Violent  headache,  ver- 
tigo, feebleness,  and  stupefaction,  indicate  great  danger  to  life.  The  rectal  tempera- 
ture is  only  V  to  2"  C.  higher.  The  high  temperature  of  fever  may  even  be 
dangerous  to  human  life.  If  the  temperature  remains  for  any  length  of  time  at 
42-5"  C.,  death  is  almost  certain  to  occur.  Coagulation  of  the  blood  in  the  arteries 
is  said  to  occur  at  42'6°  C.  If  the  artificial  heating  does  not  2yrodicce  death,  fatty 
infiltration  and  degeneration  of  the  liver,  heart,  kidneys,  and  muscles  begin  after 
thirty-six  to  forty-eight  hours. 

Cold-blooded  animals,  if  placed  in  hot  air  or  warm  water,  soon  have  their  temperature  raised 
6  to  10°  C.  The  higliest  temperature  compatible  with  life  in  a  frog  must  be  below  40°  C,  as  the 
frog's  heart  and  muscles  begin  to  coagulate  at  this  temperature.  Death  is  preceded  by  a  stage 
resembling  death,  during  which  life  may  be  saved. 

Most  of  the  juicy  plants  die  in  half  an  hour  in  air  at  52°  C,  or  in  water  at  46°  C.  (Sachs). 
Dried  seeds  of  corn  may  still  germinate  after  long  exposure  to  air  at  120°  C.  Lowly  organised 
plants,  such  as  algas  may  live  iu  water  at  60°  C.  {Hoppe-ScTjlcr).  Several  bacteria  withstand 
a  boiling  temperature  [Tyndall). 

222.  EMPLOYMENT  OF  HEAT.— Action  of  Heat.— The  short,  but  not  intense,  action  of 
heat  on  the  surface  causes,  iu  the  first  place^  a  transient  slight  decrease  of  the  bodily  tempera- 
ture, partly  because  it  retards  reflexly  the  production  of  heat,  and  jjartly  because,  owing  to  the 
dilatation  of  the  cutaneous  vessels  and  the  stretching  of  the  skin,  more  heat  is  given  off.  A 
warm  batli  above  tiie  fempei'ature  of  the  blood  at  once  increases  the  bodily  temperature. 

Therapeutic  Uses. — The  application  of  heat  to  the  entire  body  is  used  where  the  bodily 
temperature  has  fallen,  or  is  likely  to  fall,  verj^  low,  as  in  the  algid  stage  of  cholera,  and  in 
infants  born  prematurely.  The  general  application  of  heat  is  obtained  by  use  of  warm  baths, 
]>acking,  vapour  baths,  and  the  copious  use  of  hot  drinks.  The  local  application  of  heat  is 
obtained  by  the  use  of  warm  wrappings,  partial  baths,  plunging  the  parts  in  warm  earth  or 
sand,  or  placing  wounded  parts  in  chambers  fdled  with  heated  air.  After  removal  of  the 
heating  agent,  care  must  be  taken  to  prevent  the  great  escape  of  heat  due  to  the  dilatation  of 
the  blood-vessels. 

223.  INCREASE  OF  TEMPERATURE  POST-MORTEM.— Phenomena.— Heidenhain  found 
that  in  a  dead  dog,  before  the  body  cooled,  there  was  a  constant  temporary  rise  of  the  tempera- 
ture, which  slighth''  exceeded  the  normal.  The  same  observation  had  been  occasionally  made 
on  human  bodies  immediately  after  death,  especially  when  death  was  preceded  by  muscular 
spasms  [also  in  yellow  fever].  Thus,  Wunderlich  measured  the  temperature  fifty-seven  minutes 
after  death  in  a  case  of  tetanus,  and  found  it  to  be  45  "375°  C. 

Causes. — (1)  A  temporary  increased  jyi'oduction  of  heal  after  death,  due  chiefly  to  the  change 
of  the  semi-solid  myosin  of  the  muscles  into  a  solid  form  (rigor  mortis).  As  the  muscle 
coagulates,  heat  is  produced.  All  conditions  which  cause  rapid  and  intense  coagulation  of  the 
muscles — ccj.,  spasms,  favour  a.  2"^^^-'>'^07'tem  rise  of  temperature  (see  §  295)  ;  a  rapid  coagulation 
of  the  blood  has  a  similar  result  (§  28,  5). 

(2)  Immediately  after  death  a  series  of  chemical  processes  occur  within  the  body,  whereby  heat 
is  produced.  Valentin  placed  a  dead  rabbit  in  a  chamber,  so  that  no  heat  could  be  given  ofi' 
from  the  body,  and  he  found  that  the  internal  temperature  of  the  animal's  body  was  increased. 
The  processes  which  cause  a  rise  of  temperature  post-mortem  are  more  active  during  the  first 
than  the  second  hour  ;  and  the  higher  the  temperature  at  the  moment  of  death,  the  greater  i.s 
the  amount  of  heat  evolved  after  death. 

(3)  Another  cause  is  the  diminished  excretion  of  heat  post-mortem.  After  the  circulation  is 
abolished,  within  a  few  minutes  little  heat  is  given  off  from  the  surface  of  the  body,  as  rapid 
excretion  implies  that  the  cutaneou.s  vessels  must  be  continually  filled  with  warm  blood. 

224.  ACTION  OF  COLD  ON  THE  BODY.— Phenomena.— A  short  temporary 
slight  cooling  of  the  skin  (removing  one's  clothes  in  a  cool  room,  a  cool  bath  for  a 
short  time,  or  a  cool  douche)  causes  either  no  change  or  a  slight  rise  in  the  bodily 
temperature.    The  slight  rise,  when  it  occurs,  is  due  to  the  stimulation  of  the  skin 
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causing  reflexly  a  more  rapid  molecular  transformation,  and  therefore  a  greater 
production  of  heat,  while  the  amount  of  heat  given  off  is  diminished  owing  to  con- 
traction of  the  small  cutaneous  vessels  and  the  skin  itself  (Liehermeister).  The 
continuous  and  intense  application  of  cold  causes  a  decrease  of  the  temperature, 
chiefly  by  conduction,  notwithstanding  that  at  the  same  time  there  is  a  greater 
production  of  heat.  After  a  cold  bath  the  temperature  may  be  34°,  32°,  and  even 
30°  C. 

As  an  after-effect  of  the  great  abstraction  of  heat,  the  temperature  of  the  body 
after  a  time  remains  lower  than  it  was  before  ("py-imar?/  after-efect" — Lieher- 
meister); thus  after  an  hour  it  was  0'22°  C.  in  the  rectum.  There  is  a  secondary 
after-effect "  which  occurs  after  the  first  after-effect  is  over,  when  the  temperature 
rises  {Jiirgensen).  This  effect  begins  five  to  eight  hours  after  a  cold  bath,  and  is 
equal  to  +  0'2°  C.  in  the  rectum.  Hoppe-Seyler  found  that  some  time  after  the 
application  of  heat  there  was  a  corresponding  lowering  of  the  temperature. 

Taking  Cold. — If  a  rabbit  be  taken  from  a  surrounding  temperature  of  Zb"  C,  and  suddenly 
cooled,  it  shivers,  and  there  may  be  diarrhcea.  After  two  days  the  temperature  rises  1'5°  C, 
and  albuminuria  occurs.  There  are  microscopic  traces  of  interstitial  inflammation  in  the 
kidneys,  liver,  lungs,  heart,  and  nerve-sheaths,  the  dilated  arteries  of  the  liver  and  lung  con- 
tain thrombi,  and  in  the  neighbourhood  of  the  veins  are  accumulations  of  leucocytes.  In  preg- 
nant animals  the  foetus  shows  the  same  condition.s.  Perhaps  the  greatly  cooled  blood  acts  as  an 
irritant  causing  inflammation. 

Action  of  Frost. — The  continued  application  of  a  high  degree  of  cold  causes  at  first  contrac- 
tion of  the  blood-vessels  of  the  skin  and  its  muscles,  so  that  it  becomes  pale.  If  continued 
paralysis  of  the  cutaneous  vessels  occurs,  tlie  skin  becomes  red  owing  to  congestion  of  its 
vessels.  As  the  passage  of  fluids  through  the  capillaries  is  rendered  more  difficult  by  the  cold, 
the  blood  stagnates,  and  the  skin  assumes  a  livid  axtpcarancc,  as  the  0  is  almost  completely 
used  up.  Thus  the  peripheral  circulation  is  slowed.  If  the  action  of  the  cold  be  still  more 
intense,  the  peripheral  circulation  stops  completely,  especially  in  the  thinnest  and  most  exposed 
organs — ears,  nose,  toes,  and  fingers.  The  sensory  nerves  are  paralysed,  so  that  there  is  numb- 
ness with  loss  of  sensibility,  and  the  parts  may  even  be  frozen  through  and  through.  As  the 
slowing  of  the  circulation  in  the  superficial  vessels  gradually  affects  other  areas  of  the  circu- 
lation, the  pulmonary  circulation  is  enfeebled,  and  diminished  oxidation  of  the  blood  occurs, 
notwithstanding  the  greater  amount  of  0  in  the  cold  air,  so  that  the  nerve  centres  are  affected. 
Hence  arise  great  dislike  to  making  movements  or  any  muscular  eflbrt,  a  painful  sensation  of 
fatigue,  a  peculiar  and  almost  irresistible  desire  to  sleep,  cerebral  inactivity,  blunting  of  the 
sense-organs,  and  lastly,  coma.  The  blood  freezes  at  -  3  "9°  C. ,  while  the  juices  of  the  superficial 
parts  freeze  sooner.  Too  rapid  movements  of  the  frost-bitten  parts  ought  to  be  avoided.  Rub- 
bing with  snow,  and  the  very  gradual  application  of  heat,  produce  the  best  results.  Partial 
death  of  a  part  is  not  unfrequently  produced  by  tlie  prolonged  action  of  cold. 

225.  ARTIFICIAL  LOWERING  OF  THE  TEMPERATURE.— Phenomena. 

— The  artificial  cooling  of  warm-blooded  animals,  by  placing  them  in  cold  air  or 
in  a  freezing  mixture,  gives  rise  to  a  series  of  characteristic  phenomena.  If  the 
animals  (rabbits)  are  cooled  so  that  the  temperature  (rectum)  falls  to  18°,  they 
suffer  great  depression,  without,  however,  the  voluntary  or  reflex  movements  being 
abolished.  The  i^^dse  falls  from  100  or  150  to  20  beats  per  minute,  and  the  blood- 
pressure  falls  to  several  millimetres  of  Hg.  The  respirations  are  few  and  shallow. 
Suffocation  does  not  cause  spasms,  the  secretion  of  urine  stops,  and  the  liver  is 
congested.  The  animal  may  remain  for  twelve  hours  in  this  condition,  and  when 
the  muscles  and  nerves  show  signs  of  paralysis,  coagulation  of  the  blood  occurs 
after  numerous  blood-corpuscles  have  been  destroyed.  The  retina  becomes  pale, 
and  death  occurs  with  spasms  and  the  signs  of  asphyxia.  If  the  bodily  temperature 
be  reduced  to  17°  and  under,  the  voluntary  movements  cease  before  the  reflex  acts. 
An  animal  cooled  to  18°  C,  and  left  to  itself,  at  the  same  temperature  as  the  sur- 
roundings, does  not  recover  of  itself,  but  if  artificial  respiration  be  employed,  the 
temperature  rises  10°  C.  If  this  be  combined  with  the  application  of  external 
warmth,  the  animals  may  recover  completely,  even  when  they  have  been  apparently 
dead  for  forty  minutes.  Walther  cooled  adult  animals  to  9°  C,  and  recovered  them 
by  artificial  respiration  and  external  warmth  ;  while  Horvath  cooled  yowir/  animals 
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to  5°  C.  ]\lammals,  which  are  born  blind,  and  birds  which  come  out  of  the  egg 
devoid  of  feathers,  cool  more  rapidly  than  others.  ]Morphia,  and  more  so,  alcohol, 
accelerate  the  cooling  of  mammals,  at  the  same  time  the  exchange  of  gases  falls 
considerably;  hence,  drunk  men  are  more  liable  to  die  when  exposed  to  cold. 

Artificial  Cold-Blooded  Conditioii.— CI.  Bernard  made  the  important  observa- 
tion, that  the  muscles  of  animals  that  had  been  cooled  remained  irritable  for 
a  long  time,  to  direct  stimuli  as  well  as  to  stimuli  applied  to  their  nerves  ; 
and  the  same  is  the  case  when  the  animals  are  asphyxiated  for  want  of  O.  An 
"  artificial  cold-blooded  condition,"  i.e.,  a  condition  in  which  warm-blooded  animals 
have  a  lower  temperature,  and  retain  muscular  and  nervous  excitability,  may  also 
be  caused  in  warm-blooded  animals,  by  dividing  the  cervical  spinal  cord  and  keeping 
up  artificial  respiration  ;  further,  by  moistening  the  peritoneum  with  a  cool  solution 
of  common  salt. 

Hybernation  presents  a  series  of  similar  phenomena.  Valentin  fonnti  that  hybernating 
animals  become  half-awake  when  their  bodily  temperature  is  28"  0.  ;  at  18°  C.  they  are  in  a 
somnolent  condition,  at  6°  they  are  in  a  gentle  sleep,  and  at  1-6°  C.  in  a  deep  sleep.  The 
heart-beats  and  the  blood-pressure  fall,  the  former  to  8  to  10  per  minute.  The  respiratory, 
urinary,  and  intestinal  movements  cease  completely,  and  the  cardio-pneumatic  movement  alone 
sustains  the  slight  exchange  of  gases  in  the  lungs  (§  59).  They  cannot  endure  cooling  to  0°  C. ; 
and  awake  before  the  temperature  falls  so  low.  Hybernating  animals  may  be  cooled  to  a  greater 
degree  than  other  mammals  ;  they  give  olf  heat  rapidly,  and  they  become  warm  again  rapidly, 
and  even  spontaneously.  New-born  mammals  resemble  hybernating  animals  more  closely  in 
this  respect  than  do  adults. 

Cold-blooded  animals  may  be  cooled  to  0^  Even  when  the  blood  has  been  fro>^en  and  ice 
formed  in  the  lymph  of  the  peritoneal  cavity,  frogs  may  recover.  In  this  condition  they  appear 
to  be  dead,  but  when  placed  in  a  warm  medium  they  soon  recover.  A  frog's  muscle  so  cooled 
will  contract  again.  The  germs  and  ova  of  lower  animals,  e.g.,  insects'  eggs,  survive  continued 
frost ;  and  if  the  cold  be  moderate,  it  merely  retards  development.  Bacteria,  e.g.,  Bacillus 
anthracis,  survive  a  temperatiire  of  -  1-30°  C.  ;  yeast,  even  -  100"  C. 

Varnishing  the  skin  causes  a  series  of  similar  phenomena.  The  varnished  skin  gives  off  a  large 
amount  of  heat  by  radiation,  and  sometimes  the  cutaneous  vessels  are  greatly  dilated.  Hence 
the  animals  cool  rapidly  and  die,  although  the  consumption  of  0  is  not  diminished.  If  cooling 
be  prevented  by  warming  them  and  keeping  them  in  warm  wool,  the  animals  live  for  a  longer 
time.  The  blood  j^ost-mortem  does  not  contain  any  poisonous  substances,  nor  even  are  any 
materials  retained  in  the  blood  which  can  cause  death,  for  if  tlie  blood  be  injected  into  other 
animals,  these  remain  healthy. 

226.  EMPLOYMENT  OF  COLD.— Cold  may  be  applied  to  the  whole  or  part  of  the  surface 
of  the  body  in  the  following  conditions  : — 

(«)  By  placing  the  body  for  a  time  in  a  cold  bath  to  abstract  as  much  heat  as  possible,  when 
the  bodily  temperature  in  fever  rises  so  high  as  to  be  dangerous  to  life.  This  result  is  best 
accomplished  and  lasts  longest  when  the  bath  is  gradually  cooled  from  a  moderate  temperature. 
If  the  body  be  placed  at  once  in  cold  water,  the  cutaneous  vessels  contract,  the  skin  becomes 
bloodless,  and  thus  obstacles  are  placed  in  the  way  of  the  excretion  of  heat.  A  bath  gradually 
cooled  in  this  way  is  borne  longer.  The  addition  of  stimulating  substances,  e.g.,  salts,  which 
cause  dilatation  of  the  cutaneous  vessels,  facilitates  the  excretion  of  heat  ;  even  salt  water 
conducts  heat  better.  If  alcohol  be  given  internally  at  the  same  time,  it  lowers  the 
temperature. 

{h)  Cold  may  be  applied  locally  by  means  of  ice  in  a  bag,  which  causes  contraction  of  the 
cutaneous  vessels  and  contraction  of  the  tissues  (as  in  inflammation),  while  at  the  same  time 
heat  is  abstracted  locally. 

(c)  Heat  may  be  abstracted  locally  by  the  rapid  evaporation  of  volatile  substances  (ether, 
carbon  disulphide),  which  causes  numbness  of  the  sensory  nerves.  The  introduction  of  media 
of  low  temperature  into  the  body,  respiring  cool  air,  taking  cold  drinks,  and  the  injection  of 
cold  fluids  into  the  intestine  act  locally,  and  also  produce  a  more  general  action.  In  applying 
cold  it  is  important  to  notice  that  the  initial  contraction  of  the  vessels  and  the  contraction  of 
the  tissues  are  followed  by  a  greater  dilatation  and  turgcscence,  i.e.,  by  a  healthy  reaction. 

227.  HEAT  OF  INFLAMED  PAKTS.— "Calor,"  or  heat,  is  reckoned  one  of  the  fundamental 
phenomena  of  inflammation,  in  addition  to  rubor  (redness),  tumor  (swelling),  and  dolor  (pain). 
But  the  apparent  increase  in  the  heat  of  the  inflamed  parts  is  not  above  the  temperature  of  the 
blood.  Simon,  in  1860,  asserted  that  the  arterial  blood  flowing  to  an  inflamed  part  was  cooler 
than  the  part  itself,  but  this  has  been  contradicted.  The  outer  parts  of  the  skin  in  an  inflamed 
part  are  warmer  than  usual,  owing  to  the  dilatation  of  the  vessels  (rubor)  and  the  couse(juent 
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acceleration  of  the  blood-stream  in  the  inHanied  part,  and  owing  to  the  swelling  (tumor)  from 
the  presence  of  good  heat-conducting  fluids  ;  but  the  heat  is  not  greater  than  the  heat  of  the 
blood.  It  is  not  proved  that  an  increased  amount  of  heat  is  produced  owing  to  increased 
molecular  decompositions  within  an  inflamed  part. 

228.  HISTORICAL  AND  COMPARATIVE. —According  to  Aristotle,  the  heart  prepares 
the  heat  witliin  itself,  and  sends  it  along  with  the  blood  to  all  parts  of  the  body.  This 
doctrine  prevailed  in  the  time  of  Hippocrates  and  Galen,  and  occurs  even  in  Cartesius  and 
Bartholinus  (1667,  "flammula  cordis").  The  iatro-mechanical  school  {Boerhave,  van  Sunctcn) 
ascribed  the  heat  to  the  friction  of  the  blood  on  the  walls  of  the  vessels.  The  iatro- chemical 
school,  on  the  other  hand,  sought  the  source  of  heat  in  the  fermentations  that  arose  from  the 
passage  of  tlie  absorbed  substances  into  the  blood  {van  Hchnont,  Sylvius,  Ettmiillcr).  Lavoisier 
(1777)  was  the  first  to  ascribe  the  heat  to  the  combustion  of  carbon  in  the  lungs.  After  the 
construction  of  the  thermometer  by  Galileo,  Sanctorius  (1626)  made  the  first  thermometric 
observations  on  sick  persons,  while  the  first  calorimctric  observations  were  made  by  Lavoisier 
and  Laplace.  Comparative  observations  are  given  at  §  207,  and  also  under  Hybernation  (§ 
225). 


Physiology  of  the  Metabohc  Phenomena. 


By  the  term  metabolism  we  mean  those  phenomena,  whereby  all — even  the 
most  lowly — living  organisms  are  capable  of  incorporating  the  substances  obtained 
from  their  food  into  their  tissues,  and  making  them  an  integral  part  of  their  own 
bodies.  This  part  of  the  process  is  known  as  assimilation.  Further,  the  organism 
in  virtue  of  its  metabolism  forms  a  store  of  potential  energy,  which  it  can  trans- 
form into  kinetic  energy^  and  which,  in  the  higher  animals  at  least,  appears  most 
obvious  in  the  form  of  muscular  work  and  heat.  The  changes  of  the  constituents 
of  the  tissues,  by  which  these  transformations  of  the  potential  energy  are  accom- 
panied, result  in  the  formation  of  excretory  products,  which  is  another  part  of  the 
process  of  metabolism.  The  normal  metabolism  requires  the  supply  of  food 
quantitatively  and  qualitatively  of  the  proper  kind,  the  laying  up  of  this  food 
within  the  body,  a  regular  chemical  transformation  of  the  tissues,  and  the  forma- 
tion of  the  effete  products  which  have  to  be  given  out  through  the  excretory 
organs.  [Synthetic  or  constructive  metabolism  is  spoken  of  as  anabolic,  and  de- 
structive or  analytical  metabolism  as  katabolic,  metabolism.] 

229.  THE  MOST  IMPORTANT  SUBSTANCES  USED  AS  FOOD.— Water. 

— When  we  remember  that  58*5  per  cent,  of  the  body  consists  of  water,  that  water 
is  being  continually  given  off  by  the  urine  and  fseces,  as  well  as  through  the  skin 
and  lungs,  that  the  processes  of  digestion  and  absorption  require  water  for  the 
solution  of  most  of  the  substances  used  as  food,  and  that  numerous  substances 
excreted  from  the  body  require  water  for  their  solution,  especially  in  the  urine,  the 
great  importance  of  water  and  its  continual  renewal  within  the  organism  are  at 
once  apparent.  As  put  by  Hoppe-Seyler,  all  organisms  live  in  water,  and  even  in 
running  water,  a  saying  which  ranks  with  the  old  saying — "  Corpora  non  agunt 
nisi  fluida." 

Water — as  far  as  it  is  not  a  constituent  of  all  fluid  foods — occurs  in  different  forms  as  drink: — 
(1)  Bain  water,  wliich  most  closely  resembles  distilled  or  clieniically  i>ure  water,  always 
contains  minute  quantities  of  COj,  NH,,  nitrous  and  nitric  acids.  (2)  Spring  water  usually 
contains  mucli  mineral  substance.  It  is  formed  from  the  deposition  of  watery  vajiour  or  rain 
from  the  air,  which  permeates  the  soil,  containing  much  CO.,  ;  tlie  CO3  is  dissolved  by  the 
water,  and  aids  in  dissolving  the  alkalies,  alkaline  earths,  and  metals,  which  appear  in  solution 
as  bicarbonates,  e.g.,  of  lime  or  iron  oxide.  The  water  is  removed  from  the  spring  by  ]iroper 
mechanical  appliances,  or  it  bubbles  up  on  tlie  surface  in  the  form  of  a  '*  spring.  "  (3)  River 
water  usually  contains  much  less  mineral  matter  than  spring  water.  Spring  water  floating 
on  the  surface  rapidly  gives  ofl"its  CO.^  whereby  many  suljstances — e.g.,  lime— are  thrown  out 
of  solution,  and  deposited  as  insoluble  precipitates. 

Gases.— Spring  water  contains  little  0,  but  much  CO.,,  tlic  latter  giving  to  it  its  fresh  taste. 
Hence,  veo'etable  organisms  flourish  in  spring  water,  while  animals  requiring,  as  they  do,  much 
0,  are  but°poorly  represented  in  such  water.  Water  flowing  freely  gives  up  CO.,,  and  absorbs 
o'from  the  air,  and  thus  aff"ords  the  necessary  conditions  for  the  existence  of  fi.shes  and  other 
marine  animals.  River  water  contains  -^j,  to  ^-^  of  its  volume  of  absorbed  gases,  which  may  be 
expelled  by  boiling  or  freezing. 


342 


WATER. 


Drinking  water  is  chiefly  obtained  from  si)nn^s.  River  water,  if  used  for  this  purpose,  must 
be  filtered  to  get  rid  of  mechanically  suspended  impurities.  For  household  2>urposes  a  charcoal 
filter  may  be  "used,  as  the  charcoal  acts  as  a  disinfectant.  Alum  has  a  remarkable  action. 
When  adiled  to  give  a  dilution  containing  0-0001  percent.,  it  makes  turbiil  water  clear. 

Investigation  of  Drinking  Water. — Drinking  water,  even  in  a  thick  layer, 
ought  to  be  completely  colourless,  not  turbid,  and  without  odour.  Any  odour  is 
best  recognised  by  heating  it  to  50°  C,  and  adding  a  little  caustic  soda.  It  ought 
not  to  be  too  hard,  i.e.,  it  ought  not  to  contain  too  much  lime  (and  magnesia) 
salts. 

By  the  term  "  degi-ee  of  hardness"  of  a  water  is  meant  the  unit  amount  of  lime  (and 
magnesia)  in  100,000  parts  of  water ;  a  water  of  20  degrees  of  hardness  contains  20  parts  of 
lime  (calcium  oxide)  combined  with  COo,  suljdiuric,  or  hydrochloric  acids  (the  small  amount  of 
magnesia  may  be  neglected).  A  good  drinking  water  otujJU  not  to  exceed  20  degrees  of  hardness. 
The  hardness  is  determined  by  titrating  the  water  with  a  standard  soap  solution,  the  result 
being  the  formation  of  a  scum  of  lime-soap  on  the  surface.  The  hardness  of  unboiled  water  is 
called  its  total  hardness,  while  that  of  boiled  water  is  called  permanent  hardness.  Boiling 
drives  off  the  COj,  and  precipitates  the  calcium  carbonate,  so  that  the  water  at  the  same  time 
becomes  softer. 

The  presence  of  sulphuric  acid,  or  sulphates,  is  determined  by  the  water  becoming  turbid  on 
adding  a  solution  of  barium  chloride  and  hydrochloric  acid. 

Chlorine  occurs  in  small  amount  in  pure  spriug  water,  but  when  it  occurs  there  in  large 
amount — apart  from  its  being  derived  from  saline  springs,  near  the  sea  or  manufactories — we 
may  conclude  that  the  water  is  contaminated  from  water-closets  or  dunghills,  so  that  the 
estimation  of  chlorine  is  of  importance.  For  this  purpose  use  a  solution,  A,  of  17  grms.  of 
crystallised  silver  nitrate  in  1  litre  of  distilled  water  ;  1  cubic  centimetre  of  this  solution  pre- 
cipitates 3  '55  milligrammes  of  chlorine  as  silver  chloride.  Use  also  B,  a  cold  saturated  solution 
of  neutral  potassium  chromate.  Take  50  cubic  centimetres  of  the  water  to  be  investigated,  and 
place  it  in  a  beaker,  add  to  it  2  to  3  drops  of  B,  and  allow  the  fluid  A  to  nin  into  it  from  a 
burette  until  the  white  precipitate  lirst  formed  remains  red,  even  after  the  fluid  has  been  stirred. 
Multiply  the  number  of  cubic  centimetres  of  A  used  by  7'1,  and  this  will  give  the  amount  of 
chlorine  in  100,000  parts  of  the  water.  Example — 50  c.cmtr.  requires  2*9  c.cmtr.  of  the  silver 
solution,  so  that  100,000  parts  of  the  water  contain  2'9  x  7'1  =  20'59  parts  chlorine  {Kubel 
Ticmann).    Good  water  ought  not  to  contain  more  than  15  milligrammes  of  chlorine  per  litre. 

The  presence  of  lime  may  be  ascertained  by  acidulating  50  cubic  centimetres  of  the  water 
with  HCl,  adding  ammonia  in  excess,  and  afterwards  adding  ammonia  oxalate  ;  the  white 
precipitate  is  lime  oxalate.  According  to  the  degree  of  turbidity,  we  judge  whether  the  water 
is  "soft  "  (poor  in  lime),  or  *'  hard  "  (rich  in  lime). 

Magnesia  is  determined  by  taking  the  clear  fluid  of  the  above  operation,  after  removing  the 
precipitate  of  lime,  and  adding  to  it  a  solution  of  sodium  iihosphate  and  some  ammonia ;  the 
crystalline  precipitate  which  occurs  is  magnesia. 

The  more  feeble  all  these  reactions  which  indicate  the  presence  of  sulphuric  acid,  chlorine, 
lime,  and  magnesia,  are,  the  better  is  the  water.  In  addition,  good  water  ought  not  to  contain 
more  than  traces  of  nitrates,  nitrites,  or  compounds  of  ammonia,  as  their  presence  indicates  the 
decomposition  of  nitrogenous  organic  substances. 

For  nitric  acid,  take  100  cubic  centimetres  of  water  acidulated  with  two  or  three  drops  of 
concentrated  sulphuric  acid,  add  several  pieces  of  zinc  together  with  a  solution  of  potassium 
iodide,  and  starch  solution— a  blue  colour  indicates  nitric  acid.  The  following  test  is  very 
delicate  :— Add  to  half  a  drop  of  water  in  a  capsule  two  drops  of  a  watery  solution  of  Brucinum 
sulphuricum,  and  afterwards  several  drops  of  concentrated  sulphuric  acid  ;  a  rose-red  coloration 
indicates  the  presence  of  nitric  acid. 

The  presence  of  nitrous  acid  is  ascertained  by  the  blue  coloration  which  results  from  the 
addition  of  a  solution  of  potassium  iodide,  and  .solution  of  starch,  after  the  Avater  has  been 
acidulated  with  sulphuric  acid. 

Compounds  of  ammonia  are  detected  by  Nessler's  reagent,  which  gives  a  yellow  or  reddish 
coloration  when  a  trace  of  ammonia  is  present  in  water ;  while  a  large  amount  of  these  com- 
jiounds  gives  a  brown  precipitate  of  the  iodide  of  mercury  and  ammonia. 

The  contamination  of  water  by  decomposing  animal  substance  is  determined  by  the  amount 
of  N  it  contains.  In  most  cases  it  is  suflicient  to  determine  the  amount  of  nitric  acid  present 
For  this  purpose  we  require  (A)  a  solution  of  1  "871  grms.  potassium  nitrate  in  1  litre  distilled 
water— 1  cubic  centimetre  contains  1  milligramme  nitric  acid  ;  (B)  a  dilute  solution  of  indigo 
which  is  prepared  by  rubbing  together  one  part  of  pulverised  indigotin  with  six  parts  H,So/ 
and  allowing  the  deposit  to  subside,  when  the  blue  fluid  is  poured  into  forty  times  its  volume 
of  distilled  water  and  Altered.  This  fluid  is  diluted  with  distilled  water  until  a  layer  12  to  15 
mm.  in  thickness,  begins  to  be  transparent.  ' 

To  test  the  activity  of  B,  place  1  cubic  centimetre  of  A  in  24  cubic  centimetres  water  add 
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some  common  salt  ami  50  cubic  centimetres  concentrated  sulphuric  acid,  and  allow  B  to  flow 
from  a  burette  into  this  mixture  until  a  faint  green  colour  is  obtained.  The  number  of  cubic 
centimetres  of  B  used  correspond  to  1  milligramme  of  nitric  acid. 

Twenty-tive  cubic  centimetres  of  the  water  to  be  investigated  are  mixed  with  50  cubic  centi- 
metres of  concentrated  H.,S04,  and  titrated  with  B  until  a  green  colour  is  obtained.  This  process 
must  be  repeated,  and  on  the  second  occasion  the  solution  B  must  bo  allowed  to  flow  in  at  once, 
when  usually  somewhat  more  indigo  solution  is  required  to  obtain  the  green  solution.  The 
number  of  cubic  centimetres  of  B  (corresponding  to  the  strength  of  B,  as  determined  above) 
indicates  the  amount  of  nitric  acid  present  in  25  c.cmtr.  of  the  water  investigated.  As  much 
as  10  milligrammes  nitric  acid  have  been  found  in  spring  water  {Marx,  Trovimsdorff). 

Sulphuretted  Hydrogen  is  recognised  by  its  odour ;  also  by  a  piece  of  blotting-paper  moistened 
with  alkaline  solution  of  lead  becoming  brown,  when  it  is  held  over  the  boiling  water.  If  it 
occurs  as  a  covipound  in  the  water,  sodium  nitro-prusside  gives  a  reddish-violet  colour. 

It  is  of  the  greatest  importance  tliat  drinking  water  should  be//-cc  froin  tJie  'p)xsc.ncc  of  organic 
matter  in  a  state  of  decomposition.  Organic  matter  in  a  state  of  decomposition,  and  the 
organisms  therewith  associated,  when  introduced  into  the  body,  may  give  rise  to  fatal  maladies, 
e.g.,  cholera  and  typhoid  fever.  This  is  the  case  when  the  water  supply  has  been  contaminated 
from  water  which  lias  percolated  from  Avater-closets,  privies,  and  dung-pits.  The.  imsencc  of 
organic  vuitlcr  vmy  be  detected  thus— {\)  A  considerable  amount  of  the  water  is  evaporated  to 
dryness  in  a  porcelain  vessel,  if  tlie  residue  be  heated  again  a  brown  or  black  colour  indicates  the 
presence  of  a  considerable  amount  of  organic  matter ;  and  if  it  contain  N,  there  is  an  odour  of 
ammonia.  Good  water  treated  in  this  way  gives  only  a  light  brown  stain.  The  presence  of 
micro-organisms  may  be  determined  microscopically  after  evaporating  a  small  quantity  of  the 
water  on  a  glass  slide.  (2)  The  addition  of  potassio-gold  chloride  to  the  water  gives  a  black 
frothy  precipitate  after  long  standing.  (3)  A  solution  of  potassium  j)crmanganate,  added  to  the 
water  in  a  covered  jar,  gradually  becomes  decolorised,  and  a  brownish  precipitate  is  formed. 

Water  containing  much  organic  matter  should  never  be  used  as  drinking  water,  and  this  is 
especially  the  case  when  there  is  an  epidemic  of  typhoid  fever,  cholera,  or  diarrWa.  In  all 
such  circumstances,  the  water  ought  to  be  boiled  for  a  long  time,  whereby  the  organic  germs 
are  killed.  The  insipid  taste  of  the  water  after  boiling  may  be  corrected  by  adding  a  little 
sugar  or  lime  juice. 

230.  THE  MAMMAKY  GLANDS  AND  MILK.— MUk  Duct— About  20  galactoferous  ducts 
open  singly  upon  tlie  surface  of  the  nipple.  Each  of  these,  just  before  it  opens  on  the  surface, 
is  provided  Avith  an  oval  dilatation — the  sinus  lacteus.  When 
traced  into  tiie  gland,  the  galactoferous  ducts  divide  like  the 
branches  of  a  tree,  and  a  large  branch  of  the  duct  passes  to  each 
lobe  of  the  gland,  all  the  lobes  being  held  together  by  loose 
connective-tissue.  Only  during  lactation  do  all  the  fine  ter- 
minations of  the  ducts  communicate  with  the  globular  glandular 
acini.  Every  gland  acinus  consists  of  a  membrana  pro])ria,  sur- 
rounded externally  with  a  network  of  branched  connective-tissue 
corpu.scles,  and  lined  internally  with  a  somewhat  flattened  poly- 
hedral layer  of  nucleated  secretory  cells  (fig.  233).  The  size  of 
the  lumen  of  the  acini  depends  upon  the  secretory  activity  of 
the  glands ;  when  it  is  large,  it  is  filled  witli  milk  containing 
numerous  refractive  fatty  granules.  The  walls  of  the  milk  ducts 
consist  of  fibrillar  connective-tissue,  some  fibres  are  arranged 
longitudinally,  but  the  chief  mass  are  disposed  circularly,  and 
are  permeated  externally  with  elastic  fibres,  while  in  the  finer 
ducts  there  is  a  membrana  propria  continuous  with  that  of  the 
gland  acini.    The  ducts  are  lined  by  cylindi  ical  epithelium. 

During  the  first  fcio  days  after  delivery,  the  breasts  secrete  a  small  amount  of  milk  of  gi'oater 
consistence,  and  of  a  yellow  colour — the  colostrum — in  which  large  cells  filled  with  fatty 
granules  occur — the  colostrum-corpuscles  (fig.  235).  Sometimes  a  nucleus  is  observable  within 
them,  and  rarely  they  exhibit  amaboid  movements  (fig.  234,  c,  d,  c).  The  regular  secretion 
of  milk  begins  after  three  to  four  days.  It  was  formerly  supposed  that  the  cells  of  the  acini 
underwent  a  fatty  degeneration,  and  thus  produced  the  fatty  granules  of  the  milk.  It  is  more 
probable,  from  recent  observations,  that  the  cells  of  the  acini  manufacture  the  fatty  granules, 
and  their  protoplasm  eliminates  them,  at  the  same  time  forming  the  clear  fluid  part  of  the  milk. 

Changes  during  Secretion. — Pratscb  and  Heidenhain  found  tliat  the  secretory 
cells  in  the  non-secreting  gland  (fig.  234,  I),  were  flat,  polyhedral,  and  uni- 
nucleated,  whilst  the  secreting  cells  (fig.  234,  II)  often  contained  several  nuclei,  were 
more  albuminous,  higher,  and  cylindrical  in  form.  The  edge  of  the  cell  directed 
towards  the  lumen  of  the  acinus  undergoes  characteristic  changes  during  secretion. 


Fig.  233. 
Acini  of  the  mammary  gland 
of  a  sheeji  during  lactation, 
fc,   membrana  ]iropria  ;  h, 
secretory  epithelium. 
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Fatty  granules  are  formed  in  this  part  of  the  cell,  and  are  afterwards  extruded. 
The  decomposed  portion  of  the  cell  is  dissolved  in  the  milk,  and  the  fatty  granules 
become  free  as  milk-globules  (fig.  234,  II,  a).  If  nuclei  are  present  in  that  part  of 
the  cell  which  is  broken  up,  they  also  pass  into  the  milk  and  give  rise  to  the  presence 
of  nuclein  in  the  secretion. 

Besides  the  milk-globules  and  colostrum  corpuscles,  Rauber  lias  found  leucocytes  undergoing 
fatty  degeneration  and  single  pale  cells  (/).  Occasionally  milk-globules  are  found  with  traces 
of  the  cell-substance  adhering  to  their  surface  (b). 

Formation  of  Milk. — Concerning  the  formation  of  the  individual  constituents  of  milk,  H. 
Thierfelder,  who  digested  fresh  mammarj'  glands  directly  after  death,  found  that  during  the 
<ligestioh  of  the  glands,  at  the  temperature  of  the  body,  a  reducing  substance,  probably  lactose, 
was  formed  by  a  process  of  fermentation.  The  mother  substance  (saccharogen)  is  soluble  in 
water,  but  not  in  alcoliol  or  ether,  is  not  destroyed  by  boiling,  and  is  not  identical  witli  glycogen. 
The  ferment  which  forms  the  lactose  is  connected  with  the  gland-cells — it  does  not  pass  into  the 
milk,  nor  into  a  watery  extract  of  the  gland.  During  the  digestion  of  the  mammary  glands  at 
the  temperature  of  the  body,  casein  is  formed,  probably  from  serum-albumin,  by  a  process  of 
fermentation.    This  ferment  occurs  in  the  milk. 

The  nipple  and  its  areola  are  characterised  by  the  presence  of  pigment — more  abundant 
<luring  pregnancy — in  the  rete  Malpighii  of  the  skin,  and  by  large  papilla  in  the  cutis  vera. 
Some  of  the  papillaj  contain  touch-corpuscles.  Numerous  non-striped  muscular  fibres  surround 
the  milk-ducts  in  the  deep  layers  of  the  skin  and  in  the  subcutaneous  tissue,  which  contains  no 
tat.  These  muscular  fibres  can  be  traced,  following  a  longitudinal  course,  to  the  termination  of 
the  ducts  on  the  surface.  The  small  glands  of  Montgomery,  which  occur  on  the  areola  during 
lactation,  are  just  small  milk-glands,  each  with  a  special  duct  opening  on  the  surface  of  the 
elevation. 

Arteries  proceed  from  several  sources  to  supply  the  mamma,  but  their  branches  do  not 
accompany  the  milk-ducts  ;  each  gland  acinus  is  surrounded  by  a  network  of  capillaries,  which. 
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I.  Inactive  acinus  of  the  mamma.  II. 


c,  d,  c,  colostrum  corpuscles 


Fig.  234. 

During  the  secretion  of  milk— a,  b,  milk-globules  : 
/,  pale  cells  (bitch). 


communicate  with  those  of  adjoining  acini  by  small  arteries  and  veins.  The  veins  of  the  areola 
^^'l  ^""^"f  J.l",^,^^'':!^  (circulus  Halleri).  The  nerves  are  derived  from  the  suin-aclavicular. 
and  tlie  Il-IV-yi  mtercostals  ;  they  proceed  to  the  skin  over  the  glan.l,  to  the  very  sensitive 
nipple,  to  the  blood-vessels  and  iion-striped  muscle  of  the  nipple,  and  to  the  gland  acini,  where 
their  mode  of  termination  is  still  unknown.  Lymphatics  surroun.l  the  alveoli,  and  they  are 
often  full.  The  milk  appears  to  be  prepared  from  the  lymph  contained  in  the  Ivmphatics 
surrounding  the  aomi.  •' 

The  comparative  anatomy  of  the  mam  ma. -The  rodents,  insectivora,  and  carnivora  have  10 
to  12  teats,  while  some  of  them  have  only  4.  The  pachydermata  and  ruminantia  have  2  to  4 
abdominal  teats  the  whale  has  2  near  the  vulva.  The  apes,  bats,  vegetable-feeding  whales 
elephants,  and  sloths  have  2,  like  man.  In  the  marsupials  the  tubes  are  arranged  in  groups 
which  open  on  a  patch  of  skin  devoid  of  hair  without  any  nipple.  The  vouncr  animal sl-emn in 
within  the  mother's  pouch,  and  the  milk  is  expelled  i^to  ILv  moShr  b^tr  a?  on  of  a 
muscle— the  compressor  mammaj,  •'  01  » 

The  development  of  the  human  mamma  begins  in  both  sexes  during  the  third  month  •  at  the 
lour  h  and  htth  months  a  few  simple  tubular  gland-ducts  are  .arranged  ra  lialTy  around  the 
position  of  the  future  nipple,  which  is  devoid  of  hair.  In  the  new-born  child  the  ducts  are 
branched  twice  or  thnce  and  are  provided  with  dilated  extremities,  the  future  acini  Up  to 
the  twelfth  year,  in  both  sexes,  the  ducts  continue  to  divide  dendritically,  but  wit  lout  anv 
proper  acini  being  formed.  In  the  giri  at  puberty,  the  ducts  branch  rapidly  b  t  the  ac  S 
are  formed  only  at  ths pcriplunj  of  the  gland;  during  pregnancy,  acini  ar   a  Jo  fo  ned  in  the 
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centre  of  the  f^hmd,  while  the  connective-tissue  at  the  same  time  becomes  somewhat  more 
opened  out.  At  the  climacteric  period,  or  menopause,  all  the  acini  and  numerous  line  milk- 
ilucts  degenerate.  In  the  adult  male,  the  gland  remains  in  the  non-developed  infantile  condition. 
Accessory  or  supernumerary  glands  upon  the  breast  and  abdomen  are  not  uncommon,  sometimes 
the  mamma  occurs  in  the  axilla,  on  the  back,  over  the  acromion  process,  or  on  the  leg.  A 
slight  secretion  of  milk  in  a  newly-born  infant  is  normal. 

During  tiie  evacuation  of  the  mUk  (500-150U  cubic  centimetres  daily),  there  is  not  only  the 
mechanical  action  of  sucking,  but  also  the  activity  of  the  gland  itself  (§  1$2).  This  consists  in 
the  erection  of  the  nipple,  whereby  its  non -striped  muscular  fibres  compress  the  sinuses  on  the 
milk-ducts,  and  empty  them,  so  that  the  milk  mav  flow  out  in  streams.  The  gland  acini  are 
also  excited  to  secretion  retlexly  by  the  stimulation  of  the  sensory  nerves  of  the  nipple.  The 
vessels  of  the  gland  arc  dilated,  aud  there  is  a  copious  tvansudatiou  into  the  glnnd— the 
transuded  fluid  being  manufactured  into  nulk  under  the  influence  of  the  secretory  protoplasm. 
The  amount  of  secretion  depends  upon  the  blood-pressure  {RohrUi).  During  sucking,  not  only 
is  the  milk  in  the  gland  extracted,  but  new  milk  is  formed,  owing  to  the  accelerated  secretion. 
Euiotional  disturbances— anger,  fear,  &c.— arrest  the  secretion.  Lattbnt  found  that  stimulation 
of  the  mamniary  nerve  (bitch)  caused  erection  of  the  teat,  dilatation  of  the  vessels,  and  secretion 
of  milk.  After  section  of  the;cerebro-spinal  nerves  going  to  the  mamma,  Eckhard  observed  that 
erection  of  the  teat  ceased,  although  the  secretion  of  milk  in  a  goat  was  not  interrupted.  The 
rarely  observed  galactorrhoea  is  perhaps  to  be  regarded  as  a  paralytic  secretion  analogous  to  the 
paralytic  secretion  of  saliva.  Heidonhain  and  Pratsch  found  that  the  secretion  (bitch)  was 
increased  by  injecting  strychnine  or  curara  after  section  of  the  nerves  of  the  gland.  The 
"  milk-fever,"  which  accompanies  the  first  secretiou  of  milk,  probably  depends  on  stimulation  of 
the  vaso-motor  nerves,  but  this  condition  must  be  studied  in  relation  with  the  other  changes 
which  occur  within  the  pelvic  cavity  after  birth.  [Some  substances,  such  as  atropin,  arrest  the 
secretion  of  milk.] 

231.  MILK  AND  ITS  PREPARATIONS.— Milk  represents  a  complete  or 
typical  food  in  which  are  present  all  the  constituents  necessary  for  maintaining 
the  life  and  growth  of  the  body  of  an  infant  (§  236).  [If  an  adult  were  to  live  on 
milk  alone,  to  get  the  23  oz.  of  dry  solids  necessary,  he  would  have  to  take  9  pints 
of  milk  daily,  which  would  give  far  too  much  water,  fat,  and  proteids.]  To  every 
10  parts  of  proteids  there  are  10  parts  fat  and  20  parts  sugar.  Eelatively  more 
of  the  fat  than  the  albumin  of  the  milk  is  absorbed  (Bu/mer) ;  while  a  part  of 
both  is  excreted  in  the  fteces. 

Characters. — Milk  is  an  o[)aque,  bluish-white  fluid  with  a  sweetish  taste  and  a 
characteristic  odour,  probably  due  to  the  peculiar  volatile  substances  derived  from 
the  cutaneous  secretions  of  the  glands,  and 
it  has  a  specific  gravity  of  1026  to  1035. 
When  it  stands  for  a  time,  ntimerous  milk 
globules,  butter  globules,  or  cream,  collect 
on  its  surface,  under  which  there  is  a  bluish 
watery  fluid.  Human  milk  is  always  alka- 
line, cow's  milk  may  be  alkaline,  acid,  or 
amphoteric ;  while  the  milk  of  carnivora  is 
always  acid. 

Milk-Globules. — When  milk  is  examined 
microscopuxil/?/,  it  is  seen  to  contain  numerous 
small  highly  refractive  oil-globules,  floating 
in  a  clear  fluid— the  milk  plasma  (figs.  234, 
a,  h,  235) ;  while  colostrum  corpuscles  and 
epithelium  from  the  milk-ducts  are  not  so 
numerous.  The  white  colour  and  opacity  of 
the  milk  are  due  to  the  presence  of  the  milk- 
globules,  which  reflect  the  light ;  the  globules 
consist  of  a  fat,  or  butter,  and  are  said  by 
some  to  be  surrounded  with  a  very  thin  envelope  of  casein  or  haptogen  membrane. 

If  acetic  acid  be  added  to  a  microscopic  preparation  of  milk,  the  fatty  granules  run  together 
to  form  irregular  masses.    If  cow's  milk  be  shaken  with  caustic  potash,  the  casein  envelopes 


Fig.  235. 

Microscopic  appearance  of  milk,  (M)  upper 
half,  and  colostrum  (C)  lower  half. 
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are  dissolved,  and  if  ether  be  added,  the  milk  becomes  clear  and  transparent,  as  the  ether  dis- 
solves out  all  the  fatty  particles  in  the  solution.  Ether  cannot  extract  the  fat  from  cow  s  milk: 
until  acetic  acid  or  caustic  potash  is  added  to  liberate  the  fats  from  their  envelopes  ;  but  shak- 
in"  with  ether  is  suflicient  to  extract  the  fats  from  human  milk.  Some  observers  deny  that  an 
envelope  of  casein  exists,  and  according  to  them  milk  is  a  simple  emulsion,  kept  emulsionised 
owing  to  the  colloid  swollen-up  casein  in  the  milk  plasma.  The  treatment  of  milk  with  potash 
and  ether  makes  the  casein  unable  any  longer  to  preserve  the  emulsion  {Soxhlet). 

The  fats  of  the  milk-globules  are  the  triglycerides  of  stearic,  palmitic,  oleic  (very 
little),  niyristic,  arachinic  (butinic),  capric,  caprylic,  caproic,  and  butyric  acid,  with 
traces  of  acetic  and  formic  acids  and  cholesterin. 

Butter.— When  milk  is  beaten  or  stirred  for  a  long  time  (i.e.,  churned),  the  fat  of  the  milk- 
globules  is  ultimately  obtained  in  the  form  of  buUcr,  owing  to  the  rupture  of  the  envelopes  of 
casein.  Butter  is  soluble  in  alcohol  and  ether,  and  it  is  clarified  by  heat  (60°  C. ),  or  by  washing 
in  water  at  40"  C.  When  allowed  to  stand  exposed  to  the  air,  it  first  becomes  sour,  owing  to 
the  formation  of  lactic-acid,  and  afterwards  rancid,  owing  to  the  glycerine  of  the  neutral  fats 
being  decomposed  by  fungi  into  acrolein  and  formic  acid,  while  the  volatile  fatty  acids  give  it 
its  rancid  odour. 

The  milk  plasma,  obtained  by  filtration  through  a  clay  filter  or  membranes,  is  a 
clear,  slightly  opalescent  fluid,  and  contains  casein  (§  249,  III.,  3),  some  serum- 
albumin  (§  32),  peptone  (0-13  per  cent.),  nuclein,  and  a  trace  of  diastatic  ferment 
(in  human  milk). 

The  presence  of  other  peculiar  chemical  bodies,  e.g.,  lactoprotein,  globulin,  albumose,  galactin, 
&c. ,  is  disputed  by  some  chemists. 

When  milk  is  boiled  the  albumin  coagulates,  while  the  surface  also  becomes 

covered  with  a  thin  scum  or  layer  of  casein,  which  has  become  insoluble  [the  rest 

of  the  milk  remaining  fluid]. 

Casein. — When  milk  is  filtered  through  fresh  animal  membranes  or  through  a  clay  filter,  the 
casern  does  not  pass  through.  Precipitation. — It  is  precipitated  by  adding  crystals  of  MgS04 
to  saturation.  [If  to  milk  twice  its  volume  of  a  saturated  solution  of  NaCl  and  crystals  of  KaCl 
be  added,  and  the  whole  shaken  thoroughly,  casein  is  precipitated,  and  carries  down  with  it 
fat,  so  that  the  clear  filtrate  contains  the  lactose,  salts,  and  coagulable  proteids.] 

The  plasma  contains  milk-sugar  (§  252) ;  a  carbohydrate  resembling  dextrin, 
C?  lactic  acid),  lecithin,  urea,  extractives,  kreatin,  sarkin,  (potassic  sulphocyanide  in 
cow's  milk),  sodic  and  potassic  chlorides,  alkaline  phosphates,  calcium  and  magnesium 
sulphates,  alkaline  carbonates,  traces  of  iron,  fluorine,  and  silica,  CO2,  N,  and  O. 

The  coagrdation  of  milk  dcijcnds  v.pon  the  coagulation  of  its  casein.  In  milk,  casein  is  com- 
bined with  calcium  phosphate,  which  keeps  it  in  solution;;  acids  which  act  on  the  calcium 
phosphate  cause  coagulation  of  the  casein  (acetic  and  tartaric  acids  in  excess  redissolve  it).  All 
acids  do  not  coagulate  human  milk.  It  is  coagulated  by  two  or  moi'e  drops  of  hydrochloric  acid 
(Q-l  per  cent.)  or  acetic  acid  (0*2  per  cent.).  The  sjwntancoios  coagulation  of  milk  after  it  has 
stood  for  a  time,  especially  in  a  Avarm  place,  is  due  to  the  production  of  lactic  acid,  which  is 
formed  from  the  milk-sugar  in  the  milk  by  the  action  of  bacillus  acidi  lactici  [which  is  intro- 
duced from  without]  (§  184,  I.).  It  changes  the  neutral  alkaline  phosphate  into  the  acid 
phosphate,  takes  the  casein  from  the  calcium  phosphate,  and  precipitates  the  casein.  The  sugar 
is  decomposed  into  lactic  acid  and  COg. 

Rennet  (§  250,  9,  d,  §  166,  II.)  coagulates  milk  with  an  alkaline  reaction  (sweet  whey). 
This  ferment  decomposes  the  casein  into  the  precipitated  cheese  and  also  into  the  slightly  soluble 
whey-albumin,  so  that  the  coagulation  by  rennet  is  a  process  quite  distinct  from  the  coagulation 
of  milk  by  the  gastric  and  pancreatic  juices,  [and  also  from  the  precipitation  produced  by  acids. 
The  presence  of  calcium  phosphate  seems  to  be  necessary  for  the  complete  action  of  the  rennet 
{Hojumarstcn)]. 

[Experiments. —Warm  a  little  milk  to  40°  C,  and  add  a  few  drops  of  commercial  rennet, 
setting  aside  the  mixture  in  a  warm  place;  a  solid  coagulum  is  soon  formed,  and  by  and  by  the 
whey  separates  from  it.  If  the  milk  be  previously  diluted  with  water,  no  coagulum  is  formed  ; 
and  if  the  rennet  be  boiled  before,  it  like  other  ferments  is  destroyed.  A  solution  of  rennet 
may  be  prepared  by  extracting  the  fourth  stomach  of  the  calf  with  glycerine.  [When  the  milk 
is  coagulated  we  obtain  the  curd,  consisting  of  casein  with  some  milk-globules  entangled  in  it  ; 
the  whey  contains  some  soluble  albumin  and  fat,  and  the  great  proportion  of  the  salts  and  milk' 
sugar,  together  with  lactic  acid.] 

[A  mUk-coagulating  ferment  is  found  in  certain  plants  (artichokes,  figs,  Carica  papaya),  and 
causes  milk  to  coagulate  in  neutral  or  alkaline  solutions.    It  is  also  foimd  in  the  small  intestine 
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of  the  calf,  while  a  5  per  cent.  NaCl  solution  of  the  seeds  of  Witlmnia  coagulans  coagulates  milk 
in  an  alkaline  medium.] 

Boiling  (by  killing  all  the  lower  organisms),  sodium  bicarbonate  (rsW).  ammonia,  salicylic 
Jicid  (^Vtt),  glycerine,  and  ethereal  oil  of  mustard  prevent  the  spontaneous  coagulation.  Fresh 
milk  makes  tincture  of  guaiacura  blue,  but  boiled  milk  does  not  do  so.  When  milk  is  ex))osed 
to  the  air  for  a  long  time,  it  gives  off  COo  and  absorbs  0  ;  the  fats  are  increased  (?  owing  to  the 
development  of  fungi  in  the  milk),  and  so  are  the  alcoholic  and  ethereal  extracts,  from  the  de- 
composition of  the  casein.  According  to  Schniidt-Miilheim,  some  of  the  casein  becomes  con- 
verted into  peptone,  but  this  occurs  only  in  unboiled  milk. 

Composition.— 100  parts  of  milk  contain— 
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Human  milk  contains  less  albumin,  which  is  more  soluble  than  the  albumin  in  the  milk  of 
animals. 

Colostrum  contains  much  serum -albumin,  and  very  little  casein,  while  all  the  other  substances, 
and  especially  the  fats,  are  more  abundant. 

Gaaes.— rtUiger  and  Setschenow  found  in  100  vols,  of  milk  5-01  to  7*60  CO^  ;  0-09  to  0-32  0  ; 
0-70  to  1-41  N,  according  to  volume.    Only  part  of  the  COo  is  expelled  by  phosphoric  acid. 

Salts. — The  potash  salts  (as  in  blood  and  muscle)  are  more  abundant  than  the  soda  com- 
pounds, while  there  is  a  considerable  amount  of  calcium  phosphate,  which  is  necessary  for  /orm- 
inff  the  bones  of  the  infant.  Wildenstein  found  in  100  parts  of  the  ash  of  human  milk — sodium 
chloride,  10-73;  potassium  chloride,  26-33;  potash,  21-44;  lime,  18-78;  magnesia,  0-87; 
phosphoric  acid,  19  ;  ferric  phosphate,  0-21  ;  sulphuric  acid,  2-64  ;  silica,  traces.  The  amount 
of  salts  present  is  affected  by  the  salts  of  the  food. 

Conditions  Influencing  the  Composition. — The  oftener  the  breasts  are  cmiMcd,  the  richer  the 
milk  becomes  in  casein.  The  last  milk  obtained  at  any  time  is  always  richer  in  butter,  as  it 
comes  from  the  most  distant  part  of  the  gland — viz.,  the  acini.  Some  substances  are  dimin- 
ished and  others  increased  in  amount,  according  to  the  time  after  delivery.  The  following  are 
increased: — Until  the  2nd  month  after  delivery,  casein  and  fat  ;  until  the  5th  month,  the  salts 
(which  diminish  progressively  from  this  time  onwards)  ;  from  the  8th  to  the  10th  month,  the 
sugar.  The  following  are  dimi/iished: — From  10th  to  24th  month,  casein  ;  from  5th  to  6th 
and  10th  to  11th  month,  fat ;  during  1st  month,  the  sugar  ;  from  the  5th  month,  the  salts. 

The  greater  the  amount  of  milk  that  is  secreted  (woman),  the  more  casein  and  sugar,  and  the 
less  butter  it  contains.  The  milk  of  a  primipara  is  less  watery.  Rich  feeding,  especially  pro- 
teids  (small  amount  of  vegetable  food),  increases  the  amount  of  milk  and  the  casein,  sugar,  and 
fat  in  it ;  a  large  amount  of  carbohydrates  (not  fats)  increases  the  amount  of  sugar. 

[Modifying  Conditions. — That  cow's  milk  is  influenced  by  the  pasture  and  food  is  well  known. 
Turnip  as  food  gives  a  peculiar  odour,  taste,  and  flavour  to  milk,  and  so  do  the  fragrant  grasses. 
The  mental  state  of  the  nurse  influences  the  quantity  and  quality  of  the  milk.  Jaborandi  is 
the  nearest  approach  to  a  galactagogue,  but  its  action  is  temporary.  Atropin  is  a  true  anti- 
galactagogue.  The  composition  of  the  milk  may  be  affected  by  using  fatty  food,  by  the  use  of 
salts,  and  above  all  by  the  diet  (Dokm).]  _ 

[Milk  may  be  a  vehicle  for  communicating  disease — by  direct  contamination,  from  the 
water  used  for  adulterating- it  or  cleansing  the  vessels  in  which  it  is  kept ;  by  the  milk  absorb- 
ing deleterious  gases  ;  by  the  secretion  being  altered  in  diseased  animals.]  Milk  ought  not  to 
be  kept  in  zinc  vessels,  owing  to  the  formation  of  zinc  lactate. 

Substitutes. — If  other  than  human  milk  has  to  be  used,  ass's  milk  most  closely  resembles 
human  milk.  Cow's  milk  is  best  when  it  contains  plenty  of  fatty  matters — it  must  be  diluted 
Avith  its  own  volume  of  water  at  first,  and  a  little  milk-sugar  added.  The  casein  of  cow's  milk 
differs  qualitatively  from  that  of  human  milk  ;  its  coagulated  flocculi  or  curd  are  much  coarser 
than  the  fine  curd  of  human  milk,  and  they  are  only  |  dissolved  by  the  digestive  juices,  while 
human  milk  is  completely  dissolved.  Cow's  milk  when  boiled  is  less  digestible  than  un- 
boiled. 

Tests  for  Milk. — The  amount  of  cream  is  estimated  by  placing  the  milk  for  twenty-four 
hours  in  a  tall  cylindrical  glass  graduated  into  a  hundred  parts  or  creamometer  ;  the  cream 
collects  on  the  surface,  and  ought  to  form  from  10  to  24  vols,  per  cent.  [The  cream  is  gene- 
rally about  xf,T.]  The  specific  gravity  (fresh  cow's  milk,  1029  to  1034;  when  creamed,  1032 
to  1040)  is  estimated  with  the  lactometer  at  15°  C.  The  sugar  is  estimated  by  titration  with 
Fehling's  solution  (§  150,  11. ),  but  in  this  case  1  cubic  centimetre  of  the  solution  corresponds 
to  0  -0067  grm.  of  milk-sugar  ;  or  its  amount  may  be  estimated  with  the  ])olariscopic  apparatus 
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(5  150)  TIic  proteids  are  precipitated  and  the  fats  extracted  with  ether.  The  fats  m  fresh 
niilk  form  about  3  per  cent.,  and  in  skimmed  milk  1^  per  cent.  The  amount  of  water  in  rela- 
tion to  the  milk-globules  is  estimated  by  the  lactoscope  or  the  diaphanometer  of  Donne  (modi- 
Hed  by  Vo<'el  and  Hoppe-Seyler),  which  consists  of  a  glass  vessel  with  plane  parallel  sides  placed 
1  eentimetie  apart.  A  measured  quantity  of  milk  is  taken,  and  water  is  added  to  it  Irom  a 
burette  until  the  outline  of  a  candle  flame  placed  at  a  distance  of  1  metre  can  be  distinctly  seen 
through  the  diluted  milk.  This  is  done  in  a  dark  room.  For  1  cubic  centimetre  ot  good  cow  s 
milk,"70  to  85  centimetres  water  are  required.  [Other  forms  of  lactoscope  are  u.sed,  all  depend- 
in<T  on  the  same  principle  of  an  optical  test,  viz.,  that  the  opacity  of  milk  varies  with  and  is 
proportional  to  the  amount  of  butter-fats  present,  i.e.,  the  oil-globules.  Bond  uses  a  shallow 
cylindrical  vessel  with  the  bottom  covered  by  black  lines  on  a  white  surface.  A  measured 
quantity  of  water  is  placed  in  this  vessel,  and  milk  is  added,  drop  by  drop,  until  the  parallel 
lines  on  the  pattern  at  the  bottom  of  the  dish  cease  to  be  visible.  On  counting  the  number  of 
drops,  a  table  accompanying  the  appliance  gives  the  percentage  of  fats.  This  method  gives 
approximate  results.    In  all  cases  it  is  well  to  use  fresh  milk.] 

Various  substances  pass  into  the  mUk  when  they  arc  administered  to  the  mother — many  odori- 
ferous vegetable  bodies,  e.g.,  anise,  vermuth,  garlic,  &c.  ;  chloral,  rhubarb,  opium,  indigo, 
salicylic  acid,  iodine,  iron,  zinc,  mercury,  lead,  bismuth,  antimony.  In  osteomalacia  the  amount 
of  lime  in  the  milk  is  increased  [G-iisserov)).  Potassium  iodide  diminishes  the  secretion  of  niilk 
by  aflecting  the  secretory  function.  Amongst  abnormal  constituents  are— hajmoglobin,  bile- 
pigments,  mucin,  blood- corpuscles,  pus,  fibrin.  Numerous  fungi  and  other  low  organisms 
develop  in  evacuated  milk,  and  the  rare  bine  milk  is  due  to  the  development  of  bacillus 
cyanogeneum.  The  milk-serum  is  blue,  not  the  fungus.  Blue  milk  is  unhealthy,  and  causes 
diarrh(ta.  There  are  fungi  which  make  milk  Muish-bhick  or  g^-cen.  lied  and  yellov)  milk  are 
produced  by  a  similar  action  of  chromogenic  fungi  (§  184).  The  former  is  produced  by  Micro- 
coccus prodigiosus,  which  is  colourless.  The  colour  seems  to  be  due  to  fuchsin.  The  yellow 
(Volour  is  produced  by  bacillus  synxanthus.  Some  of  the  pigments  seem  to  be  related  to  the 
aniline-,  and  others  to  the  phenol-colouring  matters  {Hiqypc). 

The  rennet-like  action  of  bacteria  is  a  widely  diffused  property  of  these  organisms  ;  they 
•coagulate  and  peptonise  casein  and  may  ultimately  produce  further  decompositions.  The 
butyric  acid  bacillus  (§  184)  first  coagulates  casein,  then  peptonises  it,  and  finally  splits  it  up, 
with  the  evolution  of  ammonia  {Hujijie). 

Milk  becomes  stringy  owing  to  the  action  of  cocci  which  form  a  stringy  substance  [  —  dextran, 
0j2Hi,|0i(,  {Scheiblor}],  just  as  beer  or  wine  undergoes  a  similar  or  ropy  change.  [The  milk  of 
iliseased  animals  may  contain  or  transmit  directly  infectious  matter.] 

Preparations  of  Milk.^ — (1)  Condensed  milk — 80  grms.  cane-sugar  are  added  to  1  litre  of 
milk  ;  the  whole  is  evaporated  to  i  ;  and  while  hot  sealed  up  in  tin  cans.  For  children  one 
teaspoonful  is  dissolved  in  a  pint  of  cold  water,  and  then  boiled. 

(2)  Koumiss  is  prepared  by  the  Tartars  from  mare's  milk.  After  the  addition  of  koumiss 
and  sour  milk,  the  whole  is  violently  stirred,  and  it  undergoes  the  alcoholic  fermentation, 
whereby  the  milk-sugar  is  first  changed  into  galactose,  and  then  into  alcohol  ;  so  that  koumiss 
contains  2  to  3  per  cent,  of  alcohol ;  while  the  casein  is  at  first  precipitated,  but  is  afterwards 
partly  redissolved  and  changed  into  acid-albumin  and  peptone.  Tartar  koumiss  seems  to  be 
produced  by  the  action  of  a  special  bacterium  (Diaspora  caucasia). 

(3)  Cheese  is  prepared  by  coagulating  milk  with  rennet,  allowing  the  whey  to  separate,  and 
adding  salt  to  the  curd.  When  kept  for  a  long  time  cheese  "ripens,"  the  casein^again  becomes 
soluble  in  water,  probably  from  the  formation  of  soda  albuminate  ;  in  many  cases  it  becomes 
semi-fluid,  when  it  takes  the  charactei-s  of  peptones.  When  further  decomposition  occurs,  leucin 
and  tyrosin  are  formed.  The  fats  increase  at  the  expense  of  the  casein,  and  they  again  undergo 
further  change,  the  volatile  fatty  acids  giving  the  characteristic  odour.  The  formation  of 
peptone,  leucin,  tyrosin,  and  the  decomposition  of  fat  recall  the  digestive  processes.  [Cheese 
is  coagulated  casein  entangling  more  or  less  fat,  so  that  the  richness  of  the  cheese  will  depend 
upon  the  kind  of  milk  from  which  it  is  made.  There  are,  in  this  sense,  three  kinds  of  cheese, 
wlwle  mill;  skim  milk,  and  cream  cheese,  the  last  being  represented  by  Stilton,  Roquefort, 
Cheshire,  &c.    The  composition  is  shown  in  the  following  table  after  Bauer : — 


AVater. 

Nitrogenous 
Matter. 

Fat. 

Extractives. 

Ash. 

Cream  cheese. 

35-75 

7-16 

30-43 

2-53 

4-13 

Whole  milk,  . 

46-82 

27-62 

20-54 

2-97 

3-05 

Skim  milk. 

48-02 

32-65 

8-41 

6-80 

4-12 

Cream  cheese,  especially  if  it  Ije  made  from  goat's  milk,  acquires  a  very  high  odour  and  strong 
flavour  when  it  is  kept  and  "ripens";  the  casein  is  partly  decomposed  to  yield  ammonia  and 
ammonium  sulphide,  while  the  fats  yield  butyric,  caproic,  and  other  acids.] 
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232.  EGGS  must  be  regarded  as  a  complete  food,  as  the  organism  of  the  young 
chick  is  developed  from  them.  The  yolk  contains  a  characteristic  proteid  body — 
vitellin  {%  24:9),  and  an  albuminate  in  the  envelopes  of  the  yellow  yolk  spheres — 
nuclein,  from  the  white  yolk ;  fats  in  the  yellow  yolk  (palmitin,  olein),  cholesterin, 
much  lecithin ;  and  as  its  decomposition-product,  glycerin-phosphoric  acid — grape- 
sw(/ar,  ^((/^^m^s  (lutein),  and  a  body  containing  iron  and  related  to  haemoglobin; 
lastly,  salts  qualitatively  the  same  as  in  blood— quantitatively  as  in  the  hlood-cor- 
pttsdes — and  </ases.  The  chief  constituent  of  the  white  of  egg  is  er/fj-albtcmin 
(§  249),  together  with  a  small  amount  of  palmitin  and  olein  partly  saponified  with 
soda ;  grape-sugar,  extractives  ;  lastly  salts,  qualitatively  resembling  those  of  blood, 
but  quantitatively  like  those  of  serzan,  and  a  trace  of  fluorine.  Relatively  more  of  the 
nitrogenous  constituents  than  of  the  fatty  constituents  of  eggs  are  absorbed  {Rubner). 

[The  shell  is  composed  chiefly  of  mineral  matter  (91  per  cent,  of  calcic  carbonate,  6  per  cent, 
of  calcic  phosphate,  and  3  per  cent,  of  organic  matter.  A  hen's  egg  weighs  about  If  oz.,  ol' 
which  the  shell  forms  about         Note  the  amount  of  fats  in  the  yolk.] 

Composition  : — 

AVhite  of  Egg.  Yolk.  Wliite  of  Egg.  Yolk. 


Water,  . 
Pro  te  ids, 
Fats,  &c.. 


84-8 
12-0 
2-0 


51-5 
15-0 
30-0 


Mineral  matter, 
Pigment  extractives, 


1-2 


1-  4 

2-  1 


233.  FLESH  AND  ITS  PREPARATIONS.— Flesh,  in  the  form  in  which  it 
is  eaten,  contains,  in  addition  to  the  muscle-substance  proper,  more  or  less  of  the 
elements  of  fat,  connective-  and  elastic-tissue  mixed  with  it  (§  293).  The  following 
I'esults  refer  to  flesh  freed  as  much  as  possible  from  those  constituents.  The  chief 
proteid  constituent  of  the  contractile  muscular  substance  is  myosin ;  seriim-albimiin 
occurs  in  the  fluid  of  the  fibres,  in  the  lymph  and  blood  of  muscle.  The  fats  are 
for  the  most  part  derived  from  the  interfascicular  fat-cells,  while  lecithin  and  chole- 
sterin come  from  the  nerves  of  the  muscles ;  the  gelatin  is  derived  from  the  connec- 
tive-tissue of  the  perimysium,  perineurium,  and  the  walls  of  blood-vessels  and 
tendons.  The  red  colour  of  the  flesh  is  due  to  the  hasmoglobin  present  in  the 
sarcous  substance,  but  in  some  muscles,  e.g.,  the  heart,  there  is  a  special  pigment, 
myohsematin  (MacMzmn).  Elastiu  occurs  in  the  sarcolemma,  neurilemma,  and  in 
the  elastic  fibres  of  the  perimysium  and  walls  of  the  vessels  ;  the  small  amount  of 
keratin  is  derived  from  the  endothelium  of  the  vessels.  The  chief  muscular  sub- 
stance, the  result  of  the  retrogressive  metabolism  of  the  sarcous  substance,  is  h-eatin 
( — 0'05  per  cent.) ;  h'eatinin,  the  inconstant  inosinic  acid,  then  lactic,  or  rather 
sarcolactic  acid  (§  293).  Further,  taurin,  sarkin,  xanthin,  uric  acid,  carnin,  inosit 
(most  abundant  in  the  muscles  of  drunkards),  urea  (0"1  per  cent.)  dextrin  (in  horse 
and  rabbit,  not  constant)  ;  grape-sugar,  but  this  is  very  probably  derived  post-mortem 
from  glycogen  (0*43  per  cent),  which  occurs  in  considerable  amount  in  foetal 
muscles ;  lastly  volatile  fcdty  acids.  Amongst  the  salts,  potash  and  phosphoric 
acid  compounds  are  most  abundant ;  magnesium  phosphate  exceeds  calcium  phos- 
phate in  amount.  [The  composition  varies  somewhat  even  in  different  muscles  of 
the  same  animal.] 
In  100  parts  Flesh  there  are,  according  to  Schlossberger  and  v.  Bibra- 


O.K. 

Calf. 

Deer. 

Tig. 

Man. 

Fowl. 

Carp. 

Frog. 

Water, 

77-50 

78-20 

74-63 

78-30 

74-45 

77-30 

79-78 

80-43 

Solids, 

22-50 

21-80 

25-37 

21-70 

25-55 

22-7 

20-22 

19-57 

Soluble  albumin, 

|2-20 

2-60 

1-94 

2-40 

1-93 

3-0  1 

2-35 

1-86 

Colouring  matter,  . 

2-48 

Glutin,  . 

1-30 

1-60 

0-50 

0-80 

2-07 

1-2 

1-98 

Alcoholic  extract,  . 

1-50 

1-40 

4-75 

1-70 

3-71 

1-4 

3-47 

3-46 

Fats, 

1-30 

2-30 

1-11 

0-10 

Insoluble  albumin. 
Blood-vessels,  &c.. 

11-31 

17-50 

16-2 

16-81 

16-81 

15-54 

16-5 

11-67 
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In  100  parts  Ash  there  are— 


FLESH  AND  ITS  PREPARATIONS. 


Horse. 

Civ 
UX. 

Calf. 

Pig. 

i'otasii, 

39  40 

34-40 

37-79 

boda,  ...... 

^  oo 

2-35 

4-02 

Magnesia,  ..... 

iJ  OO 

1*45 

4-81 

i^naiK,  ...... 

±    O  V 

1-73 

J.  1 

1-99 

7-54 

Potassium,  ..... 

0-40 
0-62 

W     t  fill 

oocLiuni,  ..... 
Chlorine,  

4'86 

V  10-59  -! 

Iron  oxide,  ..... 

1-0 

0'98 

0-27 

0  do 

Phosphoric  Acid,  .... 

46-74 

34-36 

48-13 

44-47 

Sulphuric  ,, 

0-30 

3-37 

Silicic        ,,  .... 

2-07 

0-81 

Carbonic  ,, 

8-02 

Ammonia,  ..... 

0-15 

The  amount  of  fat  in  flesh  varies  very  much  according  to  the  condition  of  the  animal.  After 
removal  of  the  visible  fat,  human  flesh  contains  7-15  ;  ox,  11-12  ;  calf,  10-4;  sheep,  3-9  ;  wild 
goose,  8 '8  ;  fowl,  2'5  per  cent. 

The  amount  of  extractives  is  most  abundant  in  those  animals  which  exhibit  energetic 
muscular  action  ;  hence  it  is  largest  in  wild  animals.  The  extract  is  increased  after  vigorous 
muscular  action,  whereby  sarcolactic  acid  is  developed,  and  the  flesh  becomes  more  tender  and  is 
more  palatable.  Some  of  the  extractives  excite  the  nervous  system,  e.g.,  kreatin  and  kreatinin  ; 
and  others  give  to  flesh  its  characteristic  agreeable  flavour  [ ' '  osmasome, "]  but  this  is  also  partly 
due  to  the  different  fats  of  the  flesh,  and  is  best  developed  when  the  flesh  is  cooked.  The  ex- 
ti'actives  in  100  parts  of  flesh  are  in  man  and  pigeon,  3  ;  deer  and  duck,  4  ;  swallow,  7  percent. 

Cooking  of  Flesh. — As  a  general  rale,  the  flesh  of  young  animals,  owing  to  the  sarcolemma, 
connective-tissue,  and  elastic  constituents  being  less  tough,  is  more  tender  and  more  easily 
digested  than  the  flesh  of  old  animals  ;  after  flesh  has  been  kept  for  a  time  it  is  more  friable 
and  tender,  as  the  inosit  becomes  changed  into  sarcolactic  acid  and  the  glycogen  into  sugar,  . 
and  this  again  into  lactic  acid,  whereby  the  elements  of  the  flesh  undergo  a  kind  of  maceration. 
Finely  divided  flesh  is  more  digestible  than  when  it  is  eaten  in  large  pieces.  In  cooking  meat, 
the  heat  ought  not  to  be  too  intense,  and  ought  not  to  be  continued  too  long,  as  the  muscular 
fibres  thereby  become  hard  and  shrink  very  much.  Those  parts  are  most  digestible  which  ai-e 
obtained  from  the  centre  of  a  roast  where  they  have  been  heated  to  60"  to  70°  C,  as  this 
temperature  is  sufficient,  with  the  aid  of  the  acids  of  the  flesh,  to  change  the  connective-tissue 
into  gelatin,  whereby  the  fibres  are  loosened,  so  that  the  gastric  juice  readily  attacks  them.  In 
roasting  beef,  apply  heat  suddenly  at  first,  to  coagulate  a  layer  on  the  surface,  which  prevents 
the  escape  of  the  juice. 

Meat  Soup  is  best  prepared  by  cutting  the  flesh  into  pieces  and  placing  them  for  several 
hours  in  cold  water,  and  afterwards  boiling.  Liebig  found  that  6  parts  pel-  100  of  ox  flesh  were 
dissolved  by  cold  water.  When  this  cold  extract  was  boiled,  2-95  jiarts  were  precipitated  as 
coagulated  albumin,  which  is  chiefly  removed  by  "skimming,"  so  that  only  3-05  parts  remain 
in  solution.  From  100  parts  of  flesh  of  fowl,  8  parts  were  extracted,  and  of  these  4  -7  was  coagulated 
and  3-3  remained  dissolved  in  the  soup.  By  boiling  for  a  very  long  time,  part  of  the  albumin 
may  be  redissolved.  The  dissolved  substances  are  :— (1)  Inorganic  salts  of  the  meat,  of  which 
82-27  per  cent,  pass  into  the  soup  ;  the  earthy  jDhosphatcs  chiefly  remain  in  the  cooked  meat. 
(2)  Kreatin,  kreatinin,  the  inosinates  and  lactates  which  give  to  broth  or  beef-tea  their  stimu- 
lating qualities,  and  a  small  amount  of  aromatic  extractives.  (3)  Gelatin,  more  abundantly 
extracted  from  the  flesh  of  young  animals.  According  to  these  facts,  therefore,  flesli  broth  or 
beef-tea  is  a  powerful  stimulant,  supplying  muscle  with  restoratives,  but  is  not  a  food  in  the 
ordinary  sense  of  the  term,  as  kreatin  in  general  leaves  the  body  unchanged  (v.  Voit).  The 
flesh,  especially  if  it  be  cooked  in  a  large  mass,  after  the  extraction  of  the  broth  is  still  avail- 
able as  a  food. 

Liebig's  Extract  of  Meat  is  an  extract  of  flesh  evaporated  to  a  thick  syrupy  consistence.  It 
contains  no  fat  or  gelatin,  and  is  chiefly  a  solution  of  the  extractives  and  salts  of  flesh. 

[Extract  of  Fish.— A  similar  extract  is  now  prepared  from  fish,  and  such  extract  has  no  fishy 
flavour,  but  presents  much  the  same  appearance,  odour,  and  properties  as  extract  of  flesh.] 

234.  VEGETABLE  FOODS.— The  nitrogenous  constituents  of  plants  are 
so  easily  absorbed  as  animal  food  (Bubiier).    Carbohydrates,  starch,  and  sugar  „.„ 
very  completely  absorbed,  and  even  a  not  inconsiderable  proportion  of  cellulose  niay 
be  digested.    The  more  fats  that  are  contained  in  the  vegetable  food,  the  less 
the  carbohydrates  digested  and  absorbed. 
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1.  The  cereals  are  most  important  vegetable  foods ;  they  contain  proteids,  starch, 
salts,  and  water  about  14  per  cent.  The  nitrogenous  body  glutin  is  most  abundant 
under  the  husk  (fig.  236,  c).  The  use  of  whole  meal  containing  the  outer  layers 
of  the  grain  is  highly  nutritive,  but  bread  containing  much  bran  is  somewhat  indi- 
gestible {Ruhier).    Their  composition  is  the  following  :  


100  Pin  ts  of  the  Dry  Meal  contain 

100  Parts  of  Ash  contain 

Of 

Albumin. 

Starch. 

Red  Wheat. 

White  Wheat. 

Wheat,  . 

Barley,  , 

Maize, 

Rice, 

Buckwheat, 

16-  52  7, 
11-92 

17-  70 
13-65 

7-40 
6-8-10-5 

56-25  7„ 

60-91 

38-31 

77-74 

86-21 

65-05 

27-87 

15-75 
1-93 
9-60 
1-36 

49-36 
0-15 

Potash,  . 

Soda, 

Lime, 

JIagnesia, 

Iron  oxide, 

Phosphoric  Acid, 

Silica, 

33-84 

3-09 
13-54 

0-31 
59-21 

It  is  curious  to  observe  that  soda  is  absent  from  white  wheat,  its  place  being  taken  by  other 
alkalies.  Rye  contains  more  cellulose  and  dextrin  than  wheat,  but  less  sugar;  rye-bread  is 
usually  less  porous. 

[Oatmeal  contains  more  nitrogenous  substances  (gliadin  and  glutin-casein)  than  wheaten  flour, 
but  owing  to  the  want  of  adhesive  properties  it  cannot  be  made  into  bread.  The  amount  of  fat 
and  salts  is  large.] 

In  the  preparation  of  bread  the  meal  is  kneaded  with  water  until  dough  is  formed,  and  to 
it  is  added  salt  and  yeast  (Saccharomycetes  cerevisia;).  When  placed  in  a  warm  oven,  the  pro- 
teids of  the  meal  begin  to  decompose  and 
act  as  a  ferment  upon  the  swollen-up  starch, 
which  becomes  in  part  changed  into  sugar. 
The  sugar  is  further  decomposed  into  CO, 
and  alcohol,  the  COg  forms  bubbles,  which 
cause  the  bread  to  "  rise  "  and  thus  become 
spongy  aad  porous.  The  alcohol  is  driven 
otf  b}"^  the  baking  (200"),  while  much  soluble 
dextrin  is  formed  in  the  crust  of  the  bread. 
[But  COo  may  be  set  free  within  the  dough 
by  chemical  means  without  yeast  or  leaven, 
thus  forming  iinfermented  bread.  This 
is  done  by  mixing  with  the  dough  an 
alkaline  carbonate  and  then  adding  an  acid. 


Fig. 


236. 


Baking  powders  consist  of  carbonate  of  Microscopic  characters  of  wheat  (  x  200).    a,  cells  of 
soda  and  tartaric  acid.    In  Dauglish's  pro-     the  bran  ;  b,  cells  of  thin  cuticle  ;  c,  glutin  cells  ; 
cess  for  aerated  bread,  the  CO.^  is  forced     cl,  starch  cells, 
into  water,  and  a  dougli  is  made  with  this 

Avater  under  pressitre,  and  when  the  dough  is  heated,  the  COo  expands  and  forms  the  spongy 
bread.  Bread  as  an  article  of  food  is  deficient  in  N,  while  it  is  poor  in  fats  and  some  salts. 
Hence  the  necessity  for  using  some  form  of  fat  with  it  (butter  or  bacon). 

2.  The  pulses  contain  "much  albumin,  especially  legumin  :  together  with  starch, 
lecithin,  cholesterin,  and  9  to  19  per  cent,  water.  Peas  contain  18*02  proteids,  and 
34-81  starch  :  beans  28"54,  and  37'50  :  lentils,  29'31,  and  40,  and  more  cellulose. 
Owing  to  the  absence  of  glutin  they  do  not  form  dough,  and  bread  cannot  be  pre- 
pared from  them.  On  account  of  the  large  amount  of  proteids  which  they  contain, 
they  are  admirably  adapted  as  food  for  the  poorer  classes. 

[3.  The  wliole  group  of  farinaceous  substances  used  as  "pudding  stuffs,"  such  as  corn-flour, 
arrow-root,  rice,  hominy,  are  really  very  largely  composed  of  starchy. substances.] 

4.  Potatoes  contain  70  to  81  per  cent,  water.  In  the  fresh  juicy  cellular  tissue, 
which  has  an  acid  reaction,  from  the  presence  of  phosphoric,  malic,  and  hydro- 
chloric acids,  there  is  16  to  23  per  cent,  of  starch,  2*5  soluble  albumin,  globulin, 
and  a  trace  of  asparagin.  The  envelopes  of  the  cells  swell  up  by  boiling,  and  are 
changed  into  sugar  and  gums  by  dilute  acids.  The  poisonous  solanin  occurs  in  the 
sprouts.    In  100  parts  of  potato  ash,  May  found  49-96  potash,  2-41  sodium  chloride, 
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8-11  potassium  chloride,  C-50  sulphuric  acid  derived  from  burned  proteids,  7-17 

silica.  1  •  -J 

5.  In  fruits  the  chief  nutrient  ingredients  are  sugar  and  salts ;  the  organic  acids 
give  them  their  characteristic  taste,  the  gelatinising  substance  is  the  soluble  so-called 
pectin  (C.^oHj/^yo),  which  can  be  prepared  artificially  by  boiling  the  very  insoluble 
pecto.se  of  unripe  fruits  and  mulberries. 

G.  Green  Vegetables  are  especially  rich  in  salts,  which  resemble  the  salts  of  the 
blood ;  thus,  dry  salad  contains  23  per  cent,  of  salts,  which  closely  resemble  the 
salts  of  the  blood.  Of  much  less  importance  are  the  starch,  cell-substance,  dextrin, 
sugar,  and  the  small  amount  of  albumin  w  hich  they  contain. 

[Vegetables  are  chiefly  useful  for  the  salts  they  contain,  while  many  of  them  are  antiscor- 
butic. Their  value  is  attested  by  the  serious  defects  of  nutiition,  such  as  scurvy,  which  result 
when  they  are  not  supplied  in  the  food.  In  Arctic  expeditions  and  in  the  navy,  lime  juice  is 
served  out  as  an  antiscorbutic] 

[Preserved  Vegetables. — The  dried  and  compressed  vegetables  of  ilessrs  Chollet  &  Company 
are  an  excellent  substitute  for  fresh  vegetables,  and  are  used  largely  in  naval  and  military  ex- 
peditions.] 

[Utilisation  of  Food. — As  regards  what  percentage  of  the  food  swallowed  is 
actually  absorbed,  we  know  that,  stated  broadly,  vegetable  food  is  assimilated  to  a 
much  less  extent  than  animal  food  in  man.  Fr.  Hofmann  gives  the  following  table 
as  showing  this  : — 


Weight  of  Food. 

Vegetable. 

Animal. 

Digested. 

Undigested. 

Digested. 

Undigested. 

Of  100  parts  of  solids.  .... 

75 '5 

24-5 

89-9 

1]  -1 

,,100             albumin,  .... 

46-6 

53-4 

81-2 

18-8 

,,  100       ,,     fats  or  carbohydrates,  . 

90-3 

9-7 

96-9 

3-1] 

[The  following  table,  abridged  from  Parkes,  shows  the  composition  of  the  chief  articles  of 
diet,  and  is  also  used  for  calculating  diet  tables  : — 


Articles. 

Water. 

Proteids. 

Fats. 

Carbo- 
hydrates. 

Salts. 

Beef  steak,  .... 

74-4 

20-5 

3-5 

1-6 

Fat  pork,  ..... 

39-0 

9-8 

48-9 

2-3 

Smoked  ham,  .... 

27-8 

24-0 

36-5 

10-1 

White  fish  

78-0 

18-1 

2-9 

1-0 

Poultry,  ..... 

74-0 

21-0 

3-8 

1-2 

White  wheaten  bread, 

40-0 

8-0 

1-5 

49-2 

1-3 

Wheat  flour,  .... 

15-0 

11-0 

2-0 

70-3 

1'7 

Biscuit,  

8-0 

15-6 

1-3 

73-4 

1-7 

Rice,  

10-0 

5-0 

0-8 

83-2 

0-5 

Oatmeal,  ..... 

1.5 '0 

12-6 

5-6 

63-0 

3-0 

Maize,      .  . 

13-5 

10-0 

6-7 

64-5 

1-4 

Macaroni,  

13-1 

9-0 

0-3 

76-8 

0-8 

Arrow-root,  .... 

15-4 

0-8 

83-3 

0-27 

Peas  (dry),  .... 

15-0 

22-0 

2-0 

53-0 

2-4 

Potatoes,  ..... 

74-0 

2-0 

0-16 

21-0 

1-0 

Carrots,  ..... 

85-0 

1-6 

0-25 

8-4 

1-0 

Cabbage,  

91-0 

1-8 

5-0 

5-8 

0-7 

Butter, 

6-0 

0-3 

91-0 

2-7 

Egg  (iJ^j  for  shell),  . 

73-5 

13-5 

11-6 

1-0 

Cheese,  ..... 

368 

33-5 

24-3 

5-4 

Milk  (S.  G.  1032),  . 

86-8 

4-0 

3-7 

4-8 

0-7 

Cream,  

66-0 

2-7 

26-7 

2-8 

1-8 

Skimmed  milk, 

88-0 

4-0 

1-8 

5-4 

0-8 

Sugar,  

3-0 

96-5 

0-5] 

235.  CONDIMENTS.  COFFEE,  TEA,  ALCOHOL. -Some  substances  are  used  alonr.  with 
5d,  not  so  much  on  account  of  their  nutritive  properties  as  on  account  of  their  stimulatino- 
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effects  and  agreeable  qualities,  which  are  exerted  partly  upou  the  organ  of  taste  and  partly  upon 
the  ncrvuus  system.    These  arc  called  condiments. 

Coffee,  Tea,  and  Chocolate  are  prepared  as  infusions  of  certain  vegetables  [the  first  of  the  roasted 
berry,  tlie  second  of  the  leaves,  and  the  third  of  the  seeds].  Their  chief  active  ingredients  are  re- 
spectively caifein,  thein  (C8H10N4O2+  H.,0),  and  theobromin  (tVHsN40.,),  which  are  regarded  as 
alkaloids  of  the  vegetable  bases,  and  which  have  recently  been  prepared  artilicially  from  xanthin 
(£".  FiscJwr).  [Giiarana,  or  Brazilian  cocoa,  is  made  of  tin;  seeds  ground  into  a  paste  in  the 
lorm  of  a  sausage.  Mate  or  Paraguay  tea  (the  leaves  of  a  species  of  holly)  is  used  in  South 
America,  and  so  also  is  the  coca  of  the  Andes  (Erythro.xylon  Coca).]  These  "alkaloids"  occur 
as  such  in  the  plants  containing  them  ;  they  behave  like  ammonia  ;  they  have  an  alkaline 
reaction,  and  form  crystalline  salts  with  acids.  All  these  vegetable  bases  act  upon  the  nervous 
system  ;  some  more  feebly  (as  the  above),  others  more  powerfully  (quinine)  ;  some  stimulate 
powerfully,  or  completely  ijaralyse  (morphia,  atropin,  strychnin,  curarin,  uicotiu). 

Effects. — AH  these  substances  act  on  the  nervous  system ;  they  quicken  thought, 
accelerate  movement,  and  stir  one  to  greater  activity.  In  these  respects  they 
resemble  the  stimulating  extractives  of  beef-tea.  Coffee  contains  about  ^-  per  cent, 
of  caffein,  part  of  which  only  is  liberated  by  the  act  of  roasting.  Tea  has  6  per 
cent,  of  thein ;  whilst  green  tea  contains  1  per  cent,  ethereal  oil,  and  black  tea  ^ 
per  cent.;  in  green  tea  there  is  18  per  cent.,  in  black  15  per  cent,  tannin;  green 
tea  yields  about  -16  per  cent.,  and  the  black  scarcely  30  per  cent,  of  extract.  The 
inorganic  salts  present  are  also  of  importance;  tea  contains  3-03  per  cent,  of 
salts,  and  amongst  these  are  soluble  compounds  of  iron,  manganese,  and  soda- 
salts.  In  coffee,  which  yields  3'4:1  per  cent,  of  ash,  potash  salts  are  most 
abundant ;  in  all  three  substances  the  other  salts  which  occur  in  the  blood  are  also 
present. 

Alcoholic  drinks  owe  their  action  chiefly  to  the  alcohol  which  they  contain. 
Alcohol,  when  taken  into  the  body,  undergoes  certain  changes  and  produces  certain 
effects  : — (1)  About  95  per  cent,  of  it  is  oxidised  chiefly  into  CO2  and  HoO,  so  that 
it  is  so  far  a  source  of  heat.  As  it  undergoes  this  change  very  readily,  when  taken 
to  a  certain  extent,  it  may  act  as  a  substitute  for  the  consumption  of  the  tissues  of 
the  body,  especially  when  the  amount  of  food  is  insufficient.  [Hammond  found 
that  when  he  lived  on  an  insuflScient  amount  of  food,  alcohol,  if  given  in  a  certain 
quantity,  supplied  the  place  of  the  deficiency  of  food,  and  he  even  gained  in  weight. 
If,  liowever,  sufficient  food  was  taken,  alcohol  was  unnecessary.  As  it  interferes 
with  oxidation,  and  where  there  is  a  sufficient  amount  of  other  food,  in  health,  it  is 
unnecessary  for  dietetic  reasons.]  Small  doses  diminish  the  decomposition  of  the 
proteids  to  the  extent  of  6  to  7  per  cent.  Only  a  very  small  part  of  the  alcohol  is 
excreted  in  the  urine  ;  the  odour  of  the  breath  is  not  due  to  alcohol,  but  to  other 
volatile  substances  mixed  with  it,  e.r/.,  fusel  oil,  ttc.  (2)  In  small  doses  it  excites, 
wliile  in  large  doses  it  paralyses  the  nervous  system.  By  its  stimulating  qualities 
it  excites  to  greater  action,  which,  however,  is  followed  by  depression.  (3)  It 
diminishes  the  sensation  of  hunger.  (4)  It  excites  the  vascular  system,  accelerates 
the  circulation,  so  that  the  muscles  and  nerves  are  more  active,  owing  to  the  greater 
supply  of  blood.  It  also  gives  rise  to  a  subjective  feeling  of  warmth.  In  large 
doses,  however,  it  paralyses  the  vessels,  so  that  they  dilate,  and  thus  much  heat  i» 
given  off"  (§  213,  7  ;  §  227).  The  action  of  the  heart  also  becomes  affected,  the 
pulse  becomes  smaller,  feebler,  and  more  rapid.  In  high  altitudes  the  action  of 
alcohol  is  greatly  diminished,  owing  to  the  diminished  atmospheric  pressure,  whereby 
it  is  rapidly  given  off"  from  the  blood. 

Alcohol  in  small  doses  is  of  great  use  in  conditions  of  temporary  want,  and 
where  the  food  taken  is  insufficient  in  quantity.  When  alcohol  is  taken  regularly, 
more  especially  in  large  doses,  it  affects  the  nervous  system,  and  undermines  the 
psychical  and  corporeal  faculties,  partly  from  the  action  of  the  impurities  which  it 
may  contain,  such  as  fusel  oil,  which  has  a  poisonous  effect  upon  the  nervous  system, 
partly  by  the  direct  efi'ects,  such  as  catarrh  and  inflammation  of  the  digestive 
organs,  which  it  produces,  and  lastly,  by  its  effect  upon  the  normal  metabolism. 
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FThe  action  of  alcohol  in  lowering  the  temperature,  even  in  moderate  doses,  is  most  import- 
ant 13v  dilatiiK'  the  cutaneous  vessels,  it  thus  permits  of  the  radiating  of  much  lieat  from 
the'blood  ^VllCMl  the  action  of  alcohol  is  pushed  too  far,  and  especially  when  this  is  combined 
with  the  action  of  great  cold,  its  use  is  to  be  condemned.  Brunton  has  pointed  out  tliat,  as 
regards  its  action  on  the  nervous  system,  it  seems  to  induce  progressive  paralysis,  altecting  tlie 
uen-ous  tissues  "in  the  inverse  order  of  their  development,  the  highest  centres  being  affected 
first  and  the  lowest  last."  The  iiidgmciU  is  atlected  first,  although  the  imaginatioii  and 
"emotions  maybe  more  than  unusually  active."  The  motor  cadres  and  speech  are  affected, 
then  the  cerebellum  is  influenced,  and  afterwards  the  cord,  while  by  and  by  the  centres  essential 
to  life  are  paralysed,  provided  the  dose  be  sufficiently  large.] 

Preparation.— Alcoholic  drinks  are  prepared  by  the  fermentation  of  various  carbohydrates, 
such  as  sugar  derived  from  starch.  The  alcoholic  fermentation,  such  as  occurs  m  the  maiiu- 
lacture  of  beer,  is  caused  by  the  development  of  the  yeast  plant,  Saccharomycetes  cerevisisB  ; 
while  in  the  fermentation  of  the  grape  (wine),  S.  Ellipsoideus  is  the  species  present  {hg.  23/  ). 
The  yeast  takes  the  substances  necessary  for  the  maintenance  of  its  organic  processes  directly 
from  the  mixture  of  the  sugar,  viz.,  carbohydrates,  proteids,  and  salts,  especially  calcium  and 
potassium  phosphates  and  magnesium  sulphate.    These  substances  undergo  decomposition 

within  the  cells  of  the  yeast 
plant,  which  multiply  dur- 
ing the  process,  and  there 
are  produced  alcohol  and 
CO2  (§  150),  together  with 
glycerine  (3 '2  to  3-6  per 
cent.)  and  succinic  acid  (0'6 
■p.^  nQ"  to  0'7  per  cent.).    Yeast  is 

T    ,      •■  ,    TT        i    r  11  ,  either  added  intentionally 

1,  Isolated  yeast  cells;  2,  3,  yeast  cells  budding;  4,  5,  so-called  jj.  ,.gaches  the  mixture 
endogenous  formation  of  cells ;  6,  sprouting  and  formation  of  buds,  fjom  the  air  which  always 
contains  its  spores.  When  yeast  is  completely  excluded,  or  if  it  be  killed  by  boiling  [or  if  its 
action  be  prevented  by  the  presence  of  some  germicide],  the  fermentation  does  not  occur.  The 
alcoholic  fermentation  is  due  to  the  vital  activity  of  a  low  organism. 

In  the  preparation  of  brandy,  the  starch  of  the  grain  or  potatoes  is  first  changed  into  sugar 
by  the  action  of  diastase  or  maltin.  Yeast  is  added,  and  fermentation  therebj'  produced;  the 
mixture  is  distilled  at  78  "3°  C,  The  fusel  oil  is  prevented  from  mixing  with  the  alcohol  by  pass- 
ing the  vapour  through  heated  charcoal.    The  distillate  contains  50  to  55  per  cent,  of  alcohol. 

In  the  preparation  of  wine,  the  saccharine  juice  of  the  grape — the  must — after  being  expressed 
from  the  grapes,  is  exposed  to  the  air  at  10°  to  15°  C,  and  the  yeast  cells,  which  are  floating 
about,  drop  into  it  and  excite  fermentation,  which  lasts  10  to  14  days,  when  the  yeast  sinks  to 
the  bottom.  The  clear  wine  is  drawn  off  into  casks,  where  it  becomes  turbid  by  undergoing  an 
after-fermentation,  until  the  sugar  is  converted  into  alcohol  and  C0._,,  which  is  accompanied  by 
the  deposition  of  some  yeast  and  tartar.  If  all  the  sugar  is  not  decomposed— which  occurs 
when  there  is  not  sufficient  nitrogenous  matter  present  to  nourish  the  yeast — a  siueet  wine  is 
obtained.  Wine  contains  89  to  90  i)er  cent,  water,  7  to  8  per  cent,  alcohol,  together  \vitli 
iuthylic,  propylic,  and  butylic  alcohol.  The  red  colour  of  some  wines  is  due  to  the  colouring 
matter  of  the  skin  of  the  grapes,  but  if  the  skins  be  removed  before  fermentation,  red  grapes 
yield  white  wine.  When  wine  is  stored,  it  develops  a  fine  flavour  or  bouquet.  The  characteristic 
vinous  odour  is  due  to  oenanthic  ether.  The  sails  of  wine  closely  resemble  the  salts  of  the 
blood. 

In  the  preparation  of  beer  the  grain  is  moistened,  and  allowed  to  germinate,  when  the 
temperature  rises,  and  the  starch  (68  per  cent,  in  barley)  is  changed  into  sugar.  Thus  "malt" 
is  formed,  which  is  dried,  and  afterwards  ])ulverised,  and  extracted  with  water  at  70°  to  75°, 
the  watery  extract  being  the  "wort."  Hops  are  added  to  wort,  and  the  whole  is  evaporated, 
when  the  proteids  are  coagulated.  Hops  give  beer  its  bitter  taste,  and  make  it  keep,  while  their 
tannic  acid  precipitates  any  starch  that  may  be  present,  and  clarifies  the  wort.  After  being 
boiled,  it  is  cooled  l  apidly  (12°  C.);  j'cast  is  added,  and  fermentation  goes  on  rapidly  and  with 
considerable  cilervesceiice  at  10'  to  14°,  Beer  contains  75  to  95  per  cent,  water  :  alcohol,  2  to 
5  per  cent,  (porter  and  ale,  to  8  per  cent);  CO.,,  O'l  to  0-8  per  cent;  sugar,  2  1;o  8  per  cent; 
gum,  dextrin,  2  to  10  per  cent.;  the  hops  yield  traces  of  protein,  fat,  lactic  acid,  ammonia 
compounds,  the  salts  of  the  grain  and  of  the  hops.  In  the  ash  there  is  a  great  preimndeiance 
of  phosphoric  acid  and  potash,  both  of  which  are  of  great  importance  for  the  formation  of  blood, 
111  100  parts  of  ash  there  are  40-8  potash,  20-0  phosphorus,  magnesium  phosphate  20,  calciuni 
l)hosphate  2-6,  silica  16 '6  per  cent.  The  formation  of  blood,  muscle,  and  other  tissues  from 
the  consumption  of  beer  is  due  to  the  phosphoric  acid  and  potash,  while  if  too  much  be  taken 
the  potash  produces  fatigue,  ' 

Condiments  are  taken  with  food,  partly  on  account  of  their  taste,  and  partly 
because  they  excite  secretion.    Common  salt,  in  a  certain  sense,  is  a  condiment. 
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We  may  also  include  many  substances  of  unknown  constitution  which  act  upon  the 
gustatory  organs,  e.g.,  dextrin,  and  substances  in  the  crust  of  bread  and  in  meat 
which  has  been  roasted. 

236.  EQUILIBRIUM  OF  THE  METABOLISM. —By  this  term  is  meant 
that,  under  normal  physiological  conditions,  just  as  much  material  is  absorbed  and 
assimilated  from  the  food  as  is  removed  frorii  the  body  by  the  excretory  organs  in 
the  form  of  effete  or  end-products,  the  result  of  the  retrogressive  tissue-changes. 
The  income  must  always  balance  the  expenditure  ;  wherever  a  tissue  is  used  up,  it 
must  be  replaced  by  the  formation  of  new  tissue.  During  the  period  of  growth, 
the  increase  of  the  body  corresponds  to  a  certain  increase  of  formation,  whereby  the 
metabolism  of  the  growing  parts  of  the  body  is  to  6-3  times  greater  than  that 
of  the  parts  already  formed.  Conversely,  during  senile  decay,  there  is  an  excess 
of  expenditure  from  the  body. 

Methods.— The  normal  equilibrium  of  the  metabolism  of  the  body  is  investigated— (1)  By 
determining  chemically  that  the  sum  of  all  the  substances  passing  into  the  body  is  equal  to  the 
sum  of  all  the  substances  given  oti"  from  it.  Thus  the  C,  N,  H,  0,  salts  and  water  of  the  food, 
and  the  0  inspired,  must  be  eiiual  to  the  C,  N,  H,  0,  salts  and  water  given  off  in  the  excreta 
(urine,  fieces,  air  expired,  water  excreted).  (2)  The  physiological  equilibrium  is  determined 
empirically  by  observing  that  the  body  retains  its  normal  weight  with  a  given  diet ;  so  that, 
by  simply  weighing  a  person,  a  physician  is  enabled  to  determine  exactly  the  state  of  con- 
valescence of  his  patient.  The  tedious  process  of  making  an  elementary  analysis  of  the 
metabolic  .substances  was  lirst  undertaken  in  the  Munich  School  by  v.  Biseholf,  v.  Voit,  v. 
Pettenkofer,  and  others. 

Circulation  of  C. — In  the  circulation  of  materials  the  total  amount  of  C  taken  in 
the  food,  if  the  metabolism  be  in  a  condition  of  physiological  equilibrium,  must  be 
equalled  by  the  C  in  the  CO^  given  off  by  the  lungs  and  skin  (90  per  cent.), 
together  with  the  relatively  small  amount  of  C  in  the  organic  excreta  of  the  urine 
and  fieces  (10  per  cent). 

Circulation  of  N. — Nearly  all  the  N  taken  in  with  the  food  is  excreted  within 
twenty-four  hours  in  the  form  of  urea.  A  very  small  amount  of  nitrogenous  matter 
is  excreted  in  the  fieces,  while  the  other  nitrogenous  urinary  constituents  (uric  acid, 
kreatinin,  &c.)  represent  about  2  per  cent,  of  N.  A  trace  of  the  N  is  given  off  by 
the  breath  (§  124),  and  a  minute  proportion  in  combination,  in  the  epidermal  scales 
(50  milligrammes  daily  in  the  hair  and  nails),  and  in  the  sweat. 

Deficit  of  N". — That  nearly  all  the  N  taken  in  the  food  reappears  in  the  urine  and 
fffices,  as  was  stated  by  v,  Voit  to  be  the  case  in  the  carnivora  and  in  the  herbivora, 
and  by  v.  Ranke  in  man,  is  contradicted  partly  by  old  and  partly  by  new  observa- 
tions, which  go  to  show  that  the  whole  of  the  N  cannot  be  recovered  from  these 
excretions,  but  that  on  the  contrary  there  is  a  considerable  deficit. 

According  to  Leo,  only  O'oo  per  cent,  of  the  albumin  transformed  within  the  body  (assuming 
15  per  cent.  N  in  albumin)  gives  off'  its  N  in  the  form  of  gaseous  N  (according  to  Seegen  and 
Nowak  12  times  more).  In  every  exact  analysis  of  the  metabolism  of  N  this  gaseous  excretion 
of  N  must  be  taken  into  account. 

The  excretion  of  N  after  food  does  not  take  place  regularly  from  hour  to  hour,  but  it  increases 
at  once  and  distinctly,  readies  its  maximum  in  live  to  six  hours,  and  then  gradually  falls.  The 
same  is  true  of  tlie  excretion  of  S  and  P ;  but  in  these  cases  the  maximum  of  excretion  is  reached 
at  the  fourth  hour.  When  fat  is  added  to  a  diet  of  flesh,  the  excretion  of  N  and  S  is  uniformly 
distributed  over  the  individual  hours  of  the  day  {v.  Voit  and  Fcder). 

The  nitrogenous  constituents  in  the  body  during  metabolism  become  poorer  in  C,  and  richer 
in  N  and  0.  Thus  in  albumin  to  1  atom  of  N  there  are  4  atoms  C ;  in  gelatin,  3i  C ;  in 
glycocoU,  2  C;  in  kreatin,  lA  C  ;  in  uric  acid,  1\  C  ;  in  allantoin,  1  C  ;  in  urea,  only  ^  atom 
of  C. 

The  H  leaves  the  body  chiefly  in  the  form  of  water — a  part,  however,  is  in 
combination  in  other  excreta ;  the  0  is  chielly  excreted  as  CO^  and  water  ;  a  little 
is  given  off  in  combination  in  other  excreta  ;  water  is  given  off  by  evaporation 
from  the  lungs  and  skin,  and  also  in  the  urine  and  faeces.  As  H  is  oxidised  to 
H.,0,  more  water  is  excreted  than  is  taken  in.    Most  of  the  readily  soluble  salts 
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are  given  off  by  the  urine  ;  the  less  soluble  salts,  especially  those  of  potash,  and 
the  insoluble  salts,  in  the  feces  ;  while  others  are  given  off  in  the  sweat.  Of  the 
sulphur  of  albumin,  about  one-half  is  excreted  in  the  sulphur  compounds  in  the 
urine,  and  the  other  half  in  the  faeces  (taurin)  and  in  the  epidermal  tissues. 

Every  organism  has  a  mininmm  and  a  maximum  limit  of  metabolism,  according 
to  the  amount  of  work  done  by  the  body,  and  its  weight.  If  less  food  be  given 
than  is  necessary  to  maintain  the  former,  the  body  loses  weight ;  while,  if  more  be 
given  after  the  maximum  limit  is  reached,  the  food  so  given  is  not  absorbed,  but 
remains  as  a  floating  balance,  and  is  given  off  with  the  fceces.  When  food  is 
liberally  supplied  and  the  weight  increases,  of  course  the  minimum  limit  rises ; 
hence,  during  the  process  of  "feeding"  or  "fattening,"  the  amount  of  food  necessary 
is  very  much  greater  than  in  poorly  fed  animals,  for  the  same  increase  of  the  body- 
weight.  By  continuing  the  process,  a  condition  is  at  last  reached,  in  which  the 
digestive  organs  are  just  sufficient  to  maintain  the  existing  condition,  but  cannot 
act  so  as  to  admit  of  new  additions  being  made  to  the  body-weight  {v.  Bisclioff,  v. 
Voit,  V.  Prttenkqfer). 

By  the  term  "  luxus  consumption  "  is  meant  the  direct  combustion  or  oxidation 
of  the  superfluous  food-stuffs  absorbed  into  the  blood.  This,  however,  does  not 
exist;  on  the  contrary,  the  material  in  the  juices  is  always  being  used  for  building 
up  the  tissues.  The  albumin  found  in  the  fluids,  which  everywhere  permeate  the 
tissues,  has  been  called  "  circulating-  albumin,"  and  according  to  v.  Voit  it 
undergoes  decomposition  sooner  than  the  organised  or  "  organic  albumin  "  which 
forms  an  integral  part  of  the  tissue.  According  to  v.  Voit,  in  24  hours  1  per  cent, 
of  the  organic  and  70  per  cent,  of  the  circulating  albumin  is  used  up. 

[Liebig  taught  that  the  nitrogenous  metabolism  of  the  body  depended  on  a  corresponding 
decomposition  of  the  proteids  of  the  organs,  so  that  the  proteids  in  the  food  supplied  the  place 
of  the  proteids  of  the  organs  thus  used  up.  He  called  the  proteids  "  plastic  foods "  or  "tissue 
formers,"  while  he  regarded  the  fats  and  carbohydrates  as  "  respiratoi-y  foods,"  as  he  suppo.sed 
that  they  alone  were  concerned  in  the  evolution  of  heat.  As  a  matter  of  fact,  experiment 
proved  that  the  N  metabolism  is  to  a  large  extent  independent  of  the  proteids  of  the  food.  The 
luxus-consumption  theory  was  invented  to  explain  this.  It  simply  means,  that  proteids  taken 
with  the  food  not  only  replace  the  amount  of  ])roteids  which  have  been  decomposed  during  the 
activity  of  organs  and  tissues,  but  that  any  excess  is  immediately  consumed  without  being  con- 
verted into  tissue,  and  thus  this  surplus  amount  giving  rise  to  heat,  by  being  oxidised,  to  a  certain 
extent  replaces  the  fats  and  carbohydrates.  ]^)Ut  Voit  showed  that  nitrogenous  metabolism  is 
not  influenced  by  the  activity  of  the  organism,  and  he  proved  that  in  ordinary  conditions,  only 
a  small  amount  of  the  organic  albumin,  i.e.,  that  composing  tissues  and  organs,  undergoes 
decomposition,  while,  owing  to  the  action  of  the  cellular  elements  of  the  tissue,  a  large  amount 
of  the  circulating  albumin  is  split  up,  so  that  under  ordinary  conditions,  the  organic  albumin  is 
comparatively  stable.  This  he  demonstrated  from  a  comparison  of  the  urea  excreted,  for  the 
urea  may  be  taken  as  an  index  of  the  N  metabolism  in  well-fed,  fasting,  and  starving  animals. 
But  in  certain  pathological  conditions  the  organic  albumin  may  undergo  rapid  change,  having 
become  less  stable,  as  in  fevers,  and  poisoning  with  phosphorus.]  ° 

Quality  and  Quantity  of  the  Diet.— As  far  as  his  organisation  is  concerned,  man 
belongs  to  the  pnmivorous  animals,  i.e.,  those  that  can  live  upon  a  mixed  diet.  For 
an  adequate  diet  man  requires  for  his  existence  and  to  maintain  health  a  mixture 
of  the  following  four  chief  groups  of  food-stuffs  along  with  the  necessary  relishes ; 
none  of  them  must  be  absent  from  the  food  for  any  length  of  time.    They  are  :  ' 

1.  Water — for  an  adult  in  his  food  and  drink,  2700  to  2800  grms.  [70  to  90 
oz.]  daily  (§  229  and  §  247,  1). 

[Thirst.— The  needs  of  the  economy  for  water  are  expressed  by  the  sensation  of  thirst  The 
sensation  of  heat  and  dryness  may  be  confined  to  the  tongue,  mouth  and  fauces,  and  indeed 
may  be  excited  by  inhaling  dry  air.  This  local  thirst  may  be  allayed  by  swallowing  water  or 
by  eating  substances  which  excite  the  secretion  of  saliva.  More  frequently,  however  the 
sensation  is  the  expression  of  a  general  condition  indicating  the  diminution  of  water  in  the 
tissues ;  or  it  may  be  due  to  excess  of  saline  matters  in  the  blood.  In  some  diseases  this  sensation 
is  very  intense,  c.g  diabetes.  If  water  be  injected  into  the  blood-vessels,  or  stomach,  both  the 
general  and  local  thirst  are  abolished,  even  although  no  water  enters  the  mouth.] 
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2.  Inorganic  substances  or  Salts  are  an  integral  part  of  all  tissues,  and  without 
them  the  tissues  cannot  be  formed.  They  occur  in  ordinary  food.  The  addition 
of  too  much  salt  increases  the  consumption  of  water,  and  this  in  turn  increases  the 
transformation  of  N  in  the  body.  If  an  animal  be  deprived  of  salts,  nutrition  is 
interfered  with  ;  food  deprived  of  its  lime  affects  the  formation  of  the  bones  ;  de- 
prival  of  common  salt  causes  albuminuria  (247,  A,  III).  The  alkaline  salts  serve 
to  neutralise  the  sulphuric  acid  formed  by  the  oxidation  of  the  sulphur  of  the  pro- 
teids.  Iron,  which  is  so  essential  for  the  formation  of  blood,  exists  in  animals  and 
plants  in  combination  with  complex  organic  bodies. 

Only  in  times  of  famine  is  man  driven  to  eat  large  quantities  of  inorganic  substances,  to 
extract  the  organic  matter  mixed  therewith.  A.  v.  Humboldt  states,  in  regard  to  the  inhabit- 
ants of  the  Orinocco,  that  they  eat  a  kind  of  earth  which  contains  iumuncrable  infusoria. 

3.  At  least  one  animal  or  vegetable  albuminous  body  or  proteid  (§§  248,  250). 
The  proteids  are  required  to  replace  the  used-up  nitrogenous  tissues,  e.g.,  for 
muscles.    They  contain  15-4  to  16-5  per  cent.  N. 

The  proteids  are  in  blood  =  20 -56  percent.;  muscles,  19*9  per  cent.;  liver,  11-74  percent.; 
brain,  8-63  per  cent.;  blood-plasma,  7 '5  per  cent. ;  milk,  3-94  per  cent.;  lymph,  2-46  per  cent. 
According  to  PHiiger  and  Bohland,  a  youth  of  full  stature,  and  62  kilos.  [136  lbs.]  weight,  de- 
composes 89'9  grms.  of  albumin  daily. 

Asparagin,  in  combination  with  gelatin,  can  replace  albumin  in  the  food  {Weislce),  .\s\a\<i 
asparagin  alone  limits  the  decomposition  of  albumin  in  herbivora  bnt  not  in  carnivora  {J.  Munk). 
Ammouiacal  salts,  glycocoll,  sarkosin,  and  benzamid  increase  with  the  amount  of  albumin  in 
the  body. 

4.  At  least  one  fat  251),  or  a  digestible  carbohydrate  (§  252).  These  chiefly 
serve  to  replace  the  transformed  fats  and  non-nitrogenous  constituents.  Owing  to 
the  large  amount  of  C  which  they  contain,  when  they  undergo  oxidation,  they  form 
the  chief  source  of  the  heat  of  the  body  206).  Fats  and  carbohydrates  may 
replace  each  other  in  the  food,  and  in  inverse  proportion  too,  corresponding  to 
the  amount  of  C  which  each  contains.  As  far  as  the  mere  evolution  of  heat  is 
concerned,  100  parts  of  fat  =  256  of  grape-sugar  =  234  of  cane-sugar  =  221  of  dry 
starch  {Kubner).    A  man  consumes  210  grms.  fat  daily. 

[5.  Every  pi-oper  diet  ought  to  have  a'certain  degree  of  sapidity  or  flavour.  The  substances 
which  give  this  are  not  useful  in  the  evolution  of  energy  or  building  up  the  tissues,  but  they 
stimulate  the  nervous  system  and  excite  secretion.  Tliey  are  called  "  Oenussmittel "  (means 
of  enjoying  food)  by  the  Oermans,  but  we  have  no  exact  e(iuivalent  for  this  word  in  English, 
though  the  articles  themselves  are  incliuled  under  our  expression  "condiments."  These  sub- 
stances are  the  aromatic  matter  in  roast  meat  (osmasome),  tea,  vinegar,  salt,  mustard,  pepper, 
&c.] 

[Condition  of  Diet  for  Health. — In  an  adequate  diet,  not  only  (1)  .should  the 
total  Cjuantity  be  sufKcient  and  not  more  than  sufficient,  but  (2)  the  constituents 
should  exist  in  proper  proportions,  (3)  be  digestible,  and  (4)  the  whole  should  be  in 
good  condition,  wholesome,  and  not  adulterated  with  any  sul)stance  prejudicial  to 
health.] 

With  regard  to  the  relative  proportions  of  the  various  kinds  of  food  which 
ought  to  be  taken,  experience  has  shown  that  the  diet  best  suited  for  the  body 
must  contain  1  pari  of  nitrogenous  foods  to  3^  or,  at  most,  4^  of  the  non-nitro- 
genous. Looking  at  ordinary  foods  from  this  point  of  view,  we  see  how  far  they 
correspond  to  this  requirement,  and  how  several  substances  may  be  combined  to 
produce  a  satisfactory  diet. 

1.  Veal, 

2.  Hare's  flesh, 

3.  Beef, 

4.  Lentils,  . 

5.  Beans, 

6.  Peas, 

7.  Mutton,  . 


Xit.  Non-Nit. 

Xit.  Non-Nit. 

Nit.  Non-Nit. 

10 

1 

8.  Pork,  . 

10 

30 

14.  Barley-meal, 

10 

57 

10 

2 

9.  Cow's  milk, 

10 

30 

15.  White 

10 

17 

10.  Human  milk, 

10 

37 

potatoes. 

10 

86 

10 

21 

11.  Wheaten 

16.  Blue    ,,  . 

10 

115 

10 

22 

flour, 

10 

46 

17.  Rice,  . 

10 

123 

10 

23 

12.  Oat-meal,  . 

10 

50 

18.  Buckwheat- 

10 

27 

13.  Rye-meal,  . 

10 

57 

meal, 

10 

130 
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An  examination  of  this  tabic  sliows  that,  in  addition  to  human  milk,  wheat-flour  has  the  right 
proportion  of  nitrogenous  to  non-nitrogenous  substances.  A  man  who  tries  to  nourish  himselt  on 
beef  alone,  comniits  as  great  a  mistake  as  the  one  who  would  feed  himself  on  potatoes  alone. 
Experience  has  taught  people  that  man  may  live  upon  milk  and  eggs,  but  that  in  addition  to 
flesh  we  must  eat  bread  or  jiotatoes,  while  pulses  reiiuire  I'at  or  bacon. 

The  diet  varies  with  the  climate  and  with  tlie  season  of  the  year.  As  the  organism  must 
produce  more  heat  in  cold  latitudes,  the  inhabitants  of  northern  climates  must  eat  more  nou- 
nitrogenous  foods,  such  as  fats  and  sugars  or  starches,  which,  on  account  of  the  large  amount 
of  C  they  contain,  are  admirably  adapted  for  producing  heat  (§  214,  I.,  4). 

Animal  Foods. 


Beef. 


Pork. 


Water. 


Protckls. 


.Mbumiiioitls.     N-froe  org.  bodies. 


Snlts. 


1  iiW 

62 

iiiiiiilJiiiiii 

2,0;5  I 

nil 

jl 

1 

■ 


55 


mm 


Illlill  ,yii;i||||i 


Fowl. 


73 


Fisli, 


7G 


ail 


Egg. 


73, ri 


Cow's 
milk. 


8fi 


0-(i 


Human 
milk. 


89 


Vegetable  Foods. 


m 


Wheaten- 
brcacl. 


Peas, 


Rice. 


Water. 


Pl-oteids.  Digestible.  Xon-digestiblc. 

X-froc  organic  bodies. 


Salts. 


1 


iiiiiii.iii 

.1 

I 


1-4 


•2-r, 


13 

Hiiil 

1 

Potatoes. 


75 


1 


m 


e,5 


i 


White 
Turnip.   


90,5 


0-5 


Cauli- 
fiower. 


Beer, 


80 


90 


Fig.  238. 


•siii 


0-5 


The  graphic  representation  of  the  composition  of  foods  (fig.  238)  shows  the  re- 
lative proportions  of  the  most  important  food-stuffs,  and  how  they  vary  from  the 
standard  of  1  nitrogenous  to  3|  or  4^-  non-nitrogenous. 

The  absolute  amount  of  food-stuffs  required  by  an  adult  in  twenty-four  hours 
depends  upon  a  variety  of  conditions.    As  the  food  represents  the  chemical  reser- 
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voir  of  potential  energy,  from  which  the  kinetic  energy  (in  its  various  forms)  and 
the  heat  of  the  body  are  obtained,  the  absolute  amount  of  food  must  be  increased 
when  the  body  loses  more  heat,  as  in  winter,  and  when  more  muscular  activity 
(work)  is  accomi)lished.  As  a  general  rule  an  adult  re</uires  daily  130  grammes 
proteids,  84  grammes  fats,  404  grammes  carbohydrates,  and  30  grammes  salts. 


A  lIi'.ALTHY  ADULr  requires  ix  24  Houns  ov  water-free  solids  — 


Food  in  G  famines. 

At  Rest 
{Plaufuii). 

Moclciiitc 
Wcirk 
(Molescltott). 

Laborious  Work. 

{Play fair.) 

(f.  PeUenkofer 
and  V.  Voit.) 

Proteids,  

Fats,  

Carbohydrates  (Sugar,  Starch,  &c. ), 
Salts,  

70-87 
28-35 
310-20 
14-00 

130 
84 

404 
30 

155-92 
70-87 

567-50 
40-00 

137 
117 

352 
40 

[When  we  record  these  numbers  in  ounces  we  get  the  following  results  as  water- 
free  solids  required  by  an  average  man  (Parkes) : — 


At  Rest. 

Ordinary  Work. 

Laborious  Work. 

Proteids,  

2-5 

4-6 

6     to  7 

Fats  

1-0 

3-0 

3-5  to  4-5 

Carbohydrates,  ..... 

12-0 

14-4 

16    to  18 

Salts,  

0-5 

1-0 

1-2  to  1-5 

Total  water-free  food, 

16-0 

23-0 

26-7  to  31-0 

During  ordinary  work  the  proportion  is  about  :— 

Proteids  1  :  fats  O'G  :  carbohydrates  3-0, 
i.e.,  1  nitrogenous  to  3-6  non-nitrogenous.] 

[In  a  diet  for  ordinary  work  (23  oz.  of  dry  solids)  a  man  takes  about  part 
of  his  own  weight  daily ;  ordinary  food,  however,  as  it  is  consumed,  contains  be- 
tween 50  and  GO  per  cent,  of  water ;  if  we  add  this  proportion  of  water  to  the 
actually  dry  food,  we  get  48  to  60  oz.  of  ordinary  food  (exclusive  of  liquids).  But 
we  consume  50  to  80  oz.  of  water  in  some  liquid  form,  making  the  total  amount  of 
water  70  to  90  oz.  (Parkes).] 


The  following  tables  show  the  elementary  composition  of  the  income  and  ex- 
penditure : — 

Ax  Adult  doing  a  Moderate  Amount  of  Work  takes  in : — 


C. 

H. 

N. 

0. 

120  grammes  albumin,  containing 
90       „       fats,               ,,             ■  . 
330       „       starch,                         .  . 

64-18 
70-20 
146-32 

8-60 
10-26 
20-33 

18-88  . 

28-34 
9-54 
162-85 

281-20 

39-19 

18-88 

200-73 

Add  744-11  grin.  0  from  the  air  by  respiration, 
„   2818       „  H.,0. 

,,       32       ,,    Inorganic  compounds  (salts). 

The  whole  is  equal  to  3^  kilos.  [7  lbs.],  i.e.,  about  t^V  of  the  body- weight ;  so 
that  about  6  per  cent,  of  the  water,  about  6  per  cent,  of  the  fat,  about  1  per  cent, 
albumin,  and  about  0*4  per  cent,  of  the  salts  of  the  body  are  daily  transformed 
within  the  organism. 
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An  Adult  doing  a  Moderate  Amount  of  Wokk  gives  off  iu  grammes :— 


It  ilL  LI  . 

c. 

H.        !  X. 

0. 

By  respiration,  .... 
.  Perspiration,  .... 
Urine,  ..... 
Fteces,  ..... 

330 
660 
1700 
128 

248-8 
2-6 
9-8 
20-0 

3-3 
3-0 

15-8 
3-0 

651-15 
7-2 

11-  1 

12-  0 

2818 

281-2 

6-3 

18-8 

681-45 

Add  to  this  (besides  2818  grammes  water  as  drink)  296  grammes  water  formed  in  the  body  by 
the  oxidation  of  H.  These  296  grammes  of  water  contain  34-89  grms.  II,  and  263-41  grms. 
0  ;  26  grm.s.  of  salts  are  given  off  in  the  urine,  and  6  by  tlie  fitices.  96  -5  grms.  of  proteid 
(  =  1-46  grm.  per  kilo.)  are  used  up  by  a  resting  adult  in  24  hours  ;  but  while  working  107-6 
grms.  are  used.    Nominally  2-3  times  as  much  fat  as  albumin  are  used  up. 

The  investigations  of  the  Munich  School  have  shown  that  the  following  numbers  represent 
the  minimum  amount  of  food  necessary  for  different  ages  : — 


I  Age. 

Nitrogenous. 

Flit. 

Carbohydrates. 

Child  until  \\  year,  .... 

,,    from  6  to  15  years,  .... 

Man  (moderate  work),  .... 

Woman  .... 

Old  man,  ....... 

Old  woman,  ...... 

20-36  grms. 
70-80  „ 
118  „ 
92  „ 
100  „ 
80  „ 

30-45  grms. 

37-50  ,, 
56  „ 
44  „ 
68  „ 
50  „ 

60-90  grms. 
250-400  „ 
500  „ 
400  ,. 
350  „ 
260  ,, 

Small  animals  have  a  more  lively  metabolism  than  large  ones.  In  small  animals  the  decom- 
position of  albumin  per  unit  weight  of  body  is  greater  than  in  large  animals  (r.  Voii).  Small 
animals  as  a  rule  consume  more  proteid  than  larger  ones,  because  they  generally  have  less  bodily 
fat  [Riibner), 

Relation  of  N  to  C. — In  most  of  the  ordinary  articles  of  diet,  nitrogenous  and 
non-nitrogenous  substances  are  present,  but  in  very  varying  proportion,  in  the 
different  foods.  Man  requires  that  these  shall  [be  in  the  proportion  of  1  :  2>\ 
to  1  :  4}.  If  food  be  taken  in  which  this  proportion  is  not  observed,  in  order 
to  obtain  the  necessary  amount  of  that  substance  which  is  contained  in  too  small 
proportion  in  his  food,  he  must  consume  far  too  much  food.  In  order  to  obtain  the 
130  grammes  of  proteids  necessary  a  person  must  use 

Cheese,        .       .    388  grms.      Beef,        .       .614  grms.      Rice,     .       .       2562  grms. 
Lentils,       .       .    491    ,,         Eggs,       .       .    968  \,         Eye-bread,    .       2875  ,, 
Peas,   .       .       .    582    ,,         Wheat-bread,   .1444    ,,         Potatoes,      .     10,000  ,, 

provided  he  were  to  take  only  one  of  these  substances  as  food  ;  so  that  if  a  work- 
man were  to  live  on  potatoes  alone,  in  order  to  get  the  necessary  amount  of  N  he 
would  have  to  consume  an  altogether  excessive  amount  of  this  kind  of  food. 

To  obtain  the  448  grammes  of  carbohydrates,  or  the  equivalent  amount  of  fat 
necessary  to  support  him,  a  man  must  eat 

Peas,  .  .819  grms.  Cheese,  . 
Eggs,  .  .  902  „  Potatoes,  . 
Rye-bread,       .    930    ,,  Beef, 

so  that  if  he  were  to  live  upon  cheese  or  flesh  alone,  he  would  require  to  eat  an 
enormous  amount  of  these  substances. 

In  the  case  of  herbivora,  the  proportion  of  nitrogenous  to  non-nitrogenous  food  necessary  is 
1  of  the  former  to  8  or  9  parts  of  the  latter.  '  ^ 

237.  HTJNGER  AND  STARVATION.-If  a  warm-blooded  animal  be  deprived 
of  all  food,  it  must,  in  order  to  maintain  the  temperature  of  its  body  and  to 
produce  the  necessary  amount  of  mechanical  work,  transform  and  utilise  the 
potential  energy  of  the  constituents  of  its  own  body.  The  result  is  that  its  body- 
weight  diminishes  from  day  to  day,  until  death  occurs  from  starvation. 


Rice,  . 

Wheat-bread, 

Lentils, 


572  grms. 
625  „ 
806  ,, 


2011  grms. 
2039  ,, 
2261 


LOSS  OF  WEIGHT  DURING  STARVATION.  3^1 


The  following  table,  from  liidder  and  Schmidt,  shows  the  amounts  of  the  different  excreta  in 
the  case  of  a  starved  cat :— 


Day. 

Boclv- 
weight. 

taken. 

Urine. 

Urea. 

.Substances 
in  Urine. 

Dry 

E.xpired  C. 

Water  in 
Uiine 
and  Fwces. 

1. 

98 



7-9 

1-3 

1-2 



13-9 

91  4 

2297 

11'5 

54 

5-3 

0-8 

1-2 

12-9 

50-5 

6. 

2210 

45 

4-2 

0-7 

1-1 

13 

42-9 

4. 

2172 

68*2 

45 

3-8 

0-7 

11 

12-3 

43 

r 

2129 

55 

4-7 

0-7 

1-7 

11-9 

54-1 

0. 

2024 

44 

4-3 

0-6 

0-6 

11-6 

41  -1 

7. 

1946 

40 

3-8 

0-5 

0-7 

11 

37-5 

o 
o. 

1873 

42 

3-9 

0-6 

1-1 

10-6 

40 

y. 

1782 

152 

42 

4 

0-5 

1-7 

10-6 

41-4 

10. 

1717 

35 

3-3 

0-4 

1-3 

10-5 

34 

11. 

1695 

4 

32 

2-9 

0-5 

1-1 

10-2 

30-9 

12. 

1634 

22-5 

30 

2-7 

0-4 

1-1 

10-3 

29-6 

13. 

1570 

7-1 

40 

3-4 

0-5 

0-4 

10-1 

36-6 

14. 

1518 

3 

41 

3-4 

0-5 

0-3 

9-7 

38 

15. 

1434 

41 

2-9 

0-4 

0-3 

9-4 

38-4 

16. 

1389 

48 

3 

0-4 

0-2 

8-8 

45-5 

17. 

1335 

28 

1-6 

0-2 

0-3 

7-8 

26-6 

18.t 

1267 

13 

0-7 

0-1 

0-3 

6-1 

12-9 

-1197 

131-5 

773 

65-8 

9-8 

15-7 

190-7 

734-4 

The  cat  lost  1197  grm.s.  in  weight  before  it  died,  and  this  amount  is  apportioned 
in  the  following  way: — 204--l:3  grms.  (  =  17"01  per  cent.)  loss  of  albumin;  132-75 
grms.  (  =  11-05  per  cent.)  loss  of  fat;  863*82  grms.  loss  of  water  (  =  71-91  per 
cent,  of  the  total  body-weight). 


Methods. — In  order  to  investigate  the  condition  of  inanition  it  is  necessary — (1)  to  weigh  the 
animal  daily;  (2)  to  estimate  daily  all  the  C  and  N  given  off  from  the  body  in  the  ficces,  urine, 
and  expired  air.  The  X  and  C,  of  course,  can  only  be  obtained  from  the  decomposition  of 
ti.ssues  containing  tliem. 

Amongst  tlie  general  phenomena  of  inanition,  it  is  found  that  strong  well-nourished  dogs 
die  after  4  weeks,  man  after  21  to  24  daj's — (6  melancholies  who  took  water  died  after  41  days) ; 
small  mammals  and  birds  9  days,  and  frogs  9  mouths.  Vigorous  adults  die  when  they  lose  y\ 
of  their  body-weight,  but  young  individuals  die  much  sooner  than  adults.  The  symptoms 
are  obvious  : — The  mouth  is  dry,  the  walls  of  the  alimentary  canal  become  thin,  and  the  diges- 
tive secretions  cease  to  be  formed  ;  pulse-beats  and  respirations  are  fewer  ;  urine  very  acid  from 
the  presence  of  an  increased  amount  of  sulphuric  and  phosphoric  acids,  whilst  the  chlorine 
compounds  rapidly  diminish  and  almost  disappear.  The  blood  contains  less  water  and  the 
plasma  less  albumin,  the  gall-bladder  is  distended,  which  indicates  a  continuous  decomposition 
of  blood-corpuscles  within  the  liver.  The  liver  is  small  and  very  dark  coloured,  the  muscles 
are  very  brittle  and  dry,  .so  tliat  there  is  great  muscular  weakness,  and  death  occurs  with  the 
signs  of  great  depression  and  eoma. 

The  relations  of  the  metabolism  are  given  in  the  foregoing  table,  the  diminu- 
tion in  the  e.xcretion  of  urea  is  much  greater  than  that  of  CO.,,  which  is  due 
to  a  larger  amount  of  fats  than  proteids  being  decomposed.  According  to 
the  calculation,  there  is  daily  a  tolerably  constant  amount  of  fat  used  up, 
Avhile,  as  starvation  continues,  the  proteids  are  decomposed  in  much  smaller 
amounts  from  day  to  day,  although  the  drinking  of  water  accelerates  their  de- 
composition. 

Loss  of  Weight  of  Organs. — It  is  of  importance  to  determine  to  what  ex- 
tent the  individual  organs  and  tissues  lose  weight ;  some  undergo  simple  loss 
of  weight,  e.y.,  the  bones,  the  fat  undergoes  very  considerable  and  rapid  decom- 
position, while  other  organs,  as  the  heart,  undergo  little  change,  because  they 
seem  to  be  able  to  nourish  themselves  from  the  transformation  products  of  other 
tissues. 
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A  starving  cat,  according  to  v.  Yoit,  lost- 


Tcr  cent. 

Per  cent,  of 

Per  cent. 

ori^inully 

tliii  t rtf rt  1  InuC  tif 

LilU  lUlUl  ii'ad  \H 

oriLnnflllv 

present. 

bodv-weight. 

present. 

1. 

Fat,  . 

97 

26-2 

10. 

Lungs,  . 

17-7 

2. 

S2>leen, 

66-7 

0-6 

11. 

Pancreas, 

17-0 

3. 

Liver, 

53-7 

4-8 

12. 

Bones,  . 

13-9 

4. 

Testicles, 

40-0 

0-1 

13. 

Central  Nerv- 

5. 

Muscles, 

30-5 

42  -2 

ous  Sj'steni, 

3-2 

6. 

Blood, 

27-0 

3-7 

14. 

Heart,  . 

2-6 

7. 

Kidneys, 

2o  -9 

0-6 

15. 

Total   loss  of 

8. 

Skin,  . 

20-6 

8-8 

the  rest  of 

9. 

Intestine, 

18-0 

2-0 

the  body,  . 

36-8 

Per  cent,  of 
tlie  total  loss  of 
body-weight. 
0-3 
0-1 
5-4 

0-1 

0-02 


5-0 

There  is  a  very  important  diflfevence  according  as  the  animals  before  inanition 
have  been  fed  freely  on  flesh  and  fat  [i.e.,  if  they  have  a  surplus  store  of  food 
within  themselves],  or  as  they  have  merely  had  a  subsistence  diet.  Well-fed 
animals  lose  weight  much  more  rapidly  during  the  first  few  days  than  on  the  later 
days.  V.  Voit  thinks  that  the  albumin  derived  from  the  excess  of  food  occurs  in 
a  state  of  loose  combination  in  the  body  as  "circulating"  or  '■^  storage-alhuviin"  so 
that  during  hunger  it  must  decompose  more  rapidly  and  to  a  greater  extent  than 
tlie  "organic  albumin,"  which  forms  an  integral  part  of  the  tissues  (§  236). 
Further,  in  fat  individuals,  the  decomposition  of  fat  is  much  greater  than  in  slender 
persons. 

238.  METABOLISM  ON  A  PURELY  FLESH  DIET.— A  man  is  not  able  to 
maintain  his  metabolism  in  equilibrium  on  a  purely  flesh  diet ;  if  he  were  compelled 
to  live  on  such  a  diet,  he  would  succumb.  The  reason  is  obvious.  In  beef  the 
proportion  of  nitrogenous  to  non-nitrogenous  elementary  constituents  of  food  is 
1  :  1'7  (p.  357).  A  healthy  person  excretes  280  grammes  [8  to  9  oz.J  of  carbon  in  the 
form  of  C0,2,  in  the  expired  air,  and  in  the  urine  and  faeces.  If  a  man  is  to  obtain 
280  grammes  C  from  a  flesh  diet  he  must  consume — digest  and  assimilate — more 
than  2  kilos.  [4*4  lbs.]  of  beef  in  twenty-four  hours.  But  our  digestive  organs  are 
unequal  to  this  task  for  any  length  of  time.  The  person  is  soon  obliged  to  take 
less  beef,  which  would  necessitate  the  using  of  his  own  tissues,  at  first  the  fatty 
parts  and  afterwards  the  proteid  substances. 

A  carnivorous  animal  (dog),  whose  digestive  apparatus,  being  specially  adapted  for  the 
digestion  of  flesh,  has  a  short  intestine  and  powerfully  active  digestive  fluids,  can  only  main- 
tain its  metabolism  in  a  state  of  equilibrium  when  fed  on  a  flesh  diet  free  from  fat,  provided  its 
body  is  already  well  supplied  with  fat,  and  is  muscular.  It  consumes  to  part  of  the 
weight  of  its  body  in  flesh,  so  that  the  excretion  of  urea  increases  enormously.  If  it  eats  a 
larger  amount,  it  may  "  put  on  flesh,"  when,  of  course,  it  requires  to  eat  more  to  maintain  itself 
in  this  condition,  until  the  limit  of  its  digestive  activity  is  reached.  If  a  well-nourished  dog  is 
fed  on  less  than  to  ifV  of  its  body-weight  of  flesh,  it  uses  part  of  its  own  fat  and  muscle, 
gradually  diminishes  in  weight,  and  ultimately  succumbs.  Poorly  fed,  non-muscular  dogs  are 
unable  from  the  very  beghming  to  maintain  their  metabolism  in  equilibrium  for  any  length  of 
time  on  a  purely  flesh  diet,  as  they  must  eat  so  large  a  quantity  of  flesh  that  their  digestive 
organs  cannot  digest  it.  The  herbivora  cannot  live  upon  flesh  food,  as  their  digestive  appa- 
ratus is  adapted  solely  for  the  digestion  of  vegetable  food. 

[The  proteid  metabolism  depends  (1)  on  the  amount  of  proteids  ingested,  for 
the  great  mass  of  these  becomes  changed  into  circulating  albumin  ;  (2)  upon  the 
previous  condition  of  nutrition  of  the  organism,  for  we  know  that  a  certain  amount 
of  proteid  may  produce  very  different  results  in  the  same  individual  when  he  is  in 
good  health,  and  when  he  has  suffered  from  some  exhausting  disease.  (3)  The  use 
of  other  foods,  e.g.,  fats  and  carbohydrates.  If  a  certain  amount  of  fat  be  added  to 
a  diet  of  flesh,  much  less  flesh  is  required,  so  that  the  N  metabolism  is  reduced  by 
fat.    This  is  spoken  of  as  the  "albumin-sparing  action"  of  fats.] 

Exactly  the  same  result  occurs  with  other  forms  of  proteids,  as  with  flesh.  It 
has  been  proved  that  gelatin  may  to  a  certain  extent  replace  proteids  in  the  food, 
in  the  proportion  of  2  of  gelatin  to  1  of  albumin.    The  carnivora,  which  caii 
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maintain  their  metabolism  in  equilibrium  by  eating  a  large  amount  of  flesh,  can 
do  so  with  less  liesh  when  gelatin  is  added  to  their  food.  A  diet  of  gelatin  alone, 
which  produces  much  urea,  is  not  sufficient  for  this  purpose,  and  animals  soon  lose 
their  appetite  for  this  kind  of  food. 

[Gelatin.— Yoit  has  shown  that  gelatin  readily  undergoes  metabolism  in  the  body  and  forms 
urea,  and  if  a  small  quantity  be  taken,  it  is  completely  and  rapidly  metabolised.  When  ad- 
nnnistered  it  acts  just  like  fats  and  carbohydrates  as  an  "albumin-sparing  "  substance.  It  seems 
that  gelatin  is  not  available  directly  for  the  growth  and  repair  of  tissues.]  Owing  to  the  great 
solubility  of  gelatin,  its  value  as  a  food  used  to  be  greatly  discussed.  The  addition  of  gelatin 
in  the  form  of  calf's-foot  jelly  is  recommended  to  invalids.  [When  a  large  amount  of  gelatin  is 
given  as  food,  owing  to  the  large  and  rapid  excretion  of  urea,  the  latter  excites  diuresis.]  AVlien 
chondrin  is  given  along  with  tlesh  for  a  time,  grape-sugar  is  found  in  the  urine. 

[The  Metabolism  of  Peptones.— Most  of  the  proteids  absorbed  into  the  blood 
are  previously  converted  into  peptones  by  the  digestive  juices.  It  has  been  asserted, 
more  especially  by  Briicke,  that  some  albumin  is  absorbed  unchanged  (§  192,  4), 
and  that  only  this  is  capable  of  forming  organic  albumin,  while  the  peptones,  after 
undergoing  a  reconversion  into  albumin,  undergo  decomposition  as  such.  This  view 
is  opposed  by  many  observers,  who  maintain  that  peptones  perform  all  the  func- 
tions  of  proteids,  so  that  peptones,  with  the  other  necessary  constituents  of  an 
adequate  diet,  suffice  to  maintain  a  proper  standard  of  health.] 

239.  A  DIET  OF  FAT  OR  OF  CARBOHYDRATES.— If  fat  alone  be  given 
as  a  food,  the  animal  lives  but  a  short  time.  The  animal  so  fed  excretes  even  less 
urea  than  when  it  is  starving  ;  so  that  the  consumption  of  fat  limits  the  decom- 
position of  the  -animal's  own  proteids.  As  fat  is  an  easily  oxidised  body,  it  yields 
heat  chiefly,  and  becomes  sooner  oxidised  than  the  nitrogenous  proteids  which  are 
oxidised  with  more  difficulty.  If  the  amount  of  fat  taken  be  very  large,  all  the  C 
of  the  fat  does  not  reappear,  ejj.,  in  the  CO.,  of  the  expired  air ;  so  that  the  body 
must  acquire  fat,  whilst  at  the  same  time  it  decomposes  pi'oteids.  The  animal  thus 
becomes  poorer  in  proteids  and  richer  in  fats  at  the  same  time. 

[The  metabolism  of  fats  is  not  dependent  on  the  amount  of  fats  taken  with  the 
food.  1.  It  is  largely  influenced  by  work,  i.e.,  by  the  activity  of  the  tissues,  and 
in  fact  with  muscular  work  COg  is  excreted  in  greatly  increased  amount  (§  127,  6). 
2.  By  the  temperature  of  the  surroundings,  as  more  CO.,  is  produced  in  the  cold 
(§  214,  2),  and  far  more  fatty  foods  are  required  in  high  latitudes.  In  their  action 
on  the  organism,  proteids  and  fats  so  far  oppose  each  other,  as  the  former  increase 
the  waste,  and  therefore  oxidation,  while  the  latter  diminish  it,  probably  by  affect- 
ing the  metabolic  activity  of  the  cells  themselves  {Bauer).  As  a  matter  of  fact,  fat 
animals  or  persons  bear  starvation  better  than  spare  individuals.  In  the  latter,  the 
small  store  of  fat  is  soon  used  up,  and  then  the  albumin  is  rapidly  decomposed. 
For  the  same  reason  corpulent  persons  are  very  apt  to  become  still  more  so,  even 
on  a  very  moderate  diet.] 

When  carbohydrates  alone  are  given,  they  must  first  be  converted  by  digestion 
into  sugar.  The  result  of  such  feeding  coincides  pretty  nearly  with  feeding  with 
fat  alone.  But  the  sugar  is  more  easily  burned  or  oxidised  within  the  body  than 
the  fat,  and  17  parts  of  carbohydrate  are  equal  to  10  parts  of  fat.  Thus  the  diet 
of  carbohydrates  limits  the  excretion  of  urea  more  readily  than  a  purely  fat  diet. 
The  animals  lose  flesh,  and  appear  even  to  use  up  part  of  their  own  fat. 

[The  metabolism  of  carbohydrates  also  serves  to  diminish  the  ])roteid  meta- 
bolism, as  they  are  rapidly  burned  up  and  thus  "  spare  "  the  circulating  albumin. 
But  Pettenkofer  and  Voit  assert  that  they  are  rapidly  destroyed  in  the  body,  even 
when  given  in  large  amount,  so  that  they  differ  from  fats  in  this  respect.  They 
are  more  easily  oxidised  than  fats,  so  that  they  are  always  consumed  first  in  a  diet 
of  carbohydrates  and  fat.  By  being  consumed  they  protect  the  proteids  and  fats 
from  consumption.] 
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The  direct  introduction  of  grape-  and  cane-sugar  into  the  blood  does  not  increase  the  amount 
of  0  used,  but  the  amount  of  CO.,  is  increased.  [The  doctrine  of  Liebig,  that  the  oxygen  taken 
in  is  a  measure  of  the  metabolic  processes,  is  refuted  by  these  and  other  experiments.  It 
woukl  seem  that  fat  is  not  directly  oxidised  by  0,  but  that  it  is  split  u])  into  other  simpler 
compounds  wliich  are  slowly  and  gradually  oxidised ;  in  fact,  fat  may  lessen  the  amount  of  0 
taken  in,  as  it  diminishes  waste.] 

240.  FLESH  AND  FAT,  OR  FLESH  AND  CARBOHYDRATES.— An 

amount  of  Hesli  equal  to  to  of  the  weight  of  the  body  is  required  to  nourish  a 
dog,  which  is  fed  on  a  purely  flesh  diet ;  if  the  necessary  amount  of  fat  or  carbo- 
hydrates be  added  to  the  diet,  a  smaller  quantity  of  flesh  is  required  {v.  Voit).  For 
100  parts  of  fat  added  to  the  flesh  diet,  245  parts  of  dry  flesh  or  227  of  syntonin 
can  be  dispensed  with.  If  instead  of  fats  carbohydrates  are  added,  then  100  parts 
of  fat  =  230  to  250  of  the  latter  {Kuhner).  When  the  amount  of  flesh  is  insufficient, 
the  addition  of  fat  or  carbohydrates  to  the  food  always  limits  the  decomposition  of 
tlie  animal's  own  substance.  Lastly,  when  too  much  flesh  is  given  along  with 
these  substances,  the  weight  of  the  body  increases  more  with  them  than  without 
tliem.  Under  these  circumstances,  the  animal's  body  puts  on  more  fat  than  flesh. 
The  consumption  of  0  in  the  body  is  regulated  by  the  mixture  of  flesh  and  non- 
nitrogenous  substances,  rising  and  falling  with  the  amount  of  flesh  consumed.  It 
is  remarkable  that  more  O  is  consumed  when  a  given  amount  of  flesh  is  taken,  than 
when  the  same  amount  of  flesh  is  taken  with  the  addition  of  fat. 

It  seeius  that,  instead  of  fat,  the  corresponding  amount  of  fatty  acids  has  the  same  effect  on 
the  metabolism.  [If  a  dog  be  fed  with  fatty  acids  and  a  sufficient  amount  of  proteid,  no  fatty 
acids  are  found  in  the  chyle,  while  fat  is  formed  synthetically,  the  glycerin  for  the  latter  prob- 
al)ly  being  produced  in  tlie  body.]  They  arc  absorbed  as  an  emulsion  just  like  the  fats. 
When  so  absorbed,  they  seem  to  be  reconverted  into  fats  in  their  passage  from  the  intestine  to 
the  thoracic  duct  probably  by  the  action  of  the  leucocytes  (</.  Mank,  WUI).  [Glycerin  in  small 
doses  has  no  effect  on  the  metabolism  of  proteid,  but  in  large  doses  it  increases  it.  It  is  con- 
sumed in  the  bod}',  as  shown  by  experiments  on  the  respiratory  products,  and  it  prevents 
a  certain  amount  of  fat  from  being  used  up.  About  20  per  cent,  is  excreted  in  the  urine 
{Arnschink).~\ 

241.  ORIGIN  OF  FAT  IN  THE  BODY.— I.  Part  of  the  fat  of  the  body  is 
derived  directly  from  the  fat  of  the  food,  i.e.,  it  is  absorbed  and  deposited  in  the 
tissues.  This  is  shown  by  the  fact  that,  with  a  diet  containing  a  small  amount  of 
albumin,  the  addition  of  more  fat  causes  the  deposition  of  a  larger  amount  of  fat 
in  the  body  {v.  Voit,  Ilofmann). 

[Hofmann  starved  a  fat  dog  for  30  days  until  all  its  fat  was  used  up.  He  fed  it  on  lard  and 
a  little  albumin  for  5  days  and  then  killed  it.  In  5  days  it  absorbed  1854  grms.  of  fat  and  254 
grms.  of  albumin.  It  added  to  its  body  1353  grms.  of  fat;  but  this  amount  could  not  be 
formed  from  the  proteids  of  the  food,  and  therefore  the  fat  must  have  come  from  the  fat  of  the 
food.  Pettenkofer  and  Voit  arrived  at  the  same  result  in  another  way.  Thev  fed  dogs  on  fish 
and  much  fat,  and  by  their  respiration  apparatus  estimated  the  gaseous  income  and°expendi- 
ture  (§  122).  All  the  N  taken  in  rcaj^pcnrcd  in  tlie  excreta,  hut  not  all  the  C.  The  amount  of  C 
retained  was  very  large,  therefore  a  non-nitrogenous  residue  must  have  been  laid  up  in  the  body, 
and  it  could  only  be  fat,  as  this  was  the  only  substance  found  in  large  amount  in  the  body. 
They  estimated  the  possible  amount  of  fat  that  could  be  formed  from  the  proteids,  and  found  that 
the  amount  stored  up  was  far  greater  than  this  ;  so  that  the  fat  of  the  food  must  have  been 
stored  up  in  the  tissues.] 

Lebedefl  found  that  dogs,  which  were  starved  for  a  month,  so  as  to  get  rid  of  all  their  own 
fat,  on  being  fed  with  linseed  oil,  or  mutton  suet  and  flesh,  had  these  fats  restored  to  their 
tissues.  These  fats,  therefore,  must  have  been  absorbed  and  deposited.  J.  Munk  found  the 
same  on  feeding  animals  with  rape-seed  oil.  Fatty  acids  may  also  contribute  to  the  formation 
of  fats,  as  glycerin  when  formed  in  the  body  must  be  stored  up  during  metabolism  {J.  Munk) 

Fatty  acids  may  contribute  to  the  formation  of  fats  by  union  with  the  glycerin  of  the  body 
during  the  metabolism. 

II.  A  second  source  of  the  fats  is  albuminous  bodies.  In  the  case  of  the  forma- 
tion of  fat  from  proteids,  which  may  yield  11  per  cent,  of  fat  (according  to  Henne- 
berg  100  parts  of  dry  albumin  can  form  51-5  parts  of  fat),  these  proteids  split  up 
into  a  non-nitrogenous  and  a  nitrogenous  atomic  compound.    The  former,  during 
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a  diet  containing  much  albumin,  when  it  is  not  completely  oxidised  into  COo,  and 
HoO,  is  the  substance  from  which  the  fat  is  formed — the  latter  leaves  the  "body 
oxidised  chiefly  to  the  stage  of  urea. 

Examples.— That /f/is  are  formed  from  in-oteids  is  shown  bj'  the  following  :— 1.  A  cow  wliich 
produces  1  lb.  of  butter  daily  does  not  take  nearly  this  amount  of  fatty  matter  in  its  food,  so  that 
the  tat  would  appear  to  be  formed  from  vegetable  proteids.  2.  Carnivora  giving  suck,  when 
fed  on  plenty  of  tlesh  and  some  fat,  yield  milk  rich  in  fat.  3.  Dogs  fed  with  plenty  of  flesh 
and  some  fat,  add  more  fat  to  their  bodies  than  the  fat  contained  in  the  food.  4.  Fatty  de- 
generation, c.ii.,  of  nerve  and  muscle,  is  due  to  a  decomposition  of  proteids.  5.  The  transfor- 
mation of  entire  bodies,  e.g.,  such  as  have  lain  for  a  long  time  surrounded  with  water,  into  a 
mass  consisting  almost  entirely  of  palmitic  acid  or  adipocere  is  also  a  ])roof  of  the  transforma- 
tion of  part  of  the  proteids  into  fats.  6.  Fungi  are  also  able  to  form  fat  from  albumin  during 
then-  growth.  [7.  In  starving  dogs,  Bauer  estimated  the  N  and  CO.,  given  olf,  and  0  taken  in, 
and  then  slowly  poisoned  them  with  phosphorus,  and  he  found  that  the  excretion  of  N  was 
increased  twofold,  while  the  excretion  of  CO,  and  the  absorption  of  0  were  diminished  one-half. 
Therefore  from  a  large  amount  of  nitrogenous  tissue,  a  nitrogenous  body  and  a  small  amount  of 
a  carbonaceous  comi)ound  were  excreted,  while  a  large  amount  of  a  non-nitrogenous  residue  was 
retained  unconsumed.  There  was  fatty  degeneration  of  all  tiie  organs,  the  fat  being  derived 
from  the  non-nitrogenous  part  of  the  proteid.    The  same  obtains  with  arsenic  and  antimony.] 

Fats  not  merely  absorbed.— Experiments  which  go  to  show  that  the  fat  of  animals,  duriug  the 
fattening  process,  is  not  absorbed  as  such,  from  the  food,  arc  :— 1.  Fattening  occurs  with  Hesh 
and  soaps  ;  it  is  most  improbable  that  the  soaps  are  transformed  into  neutral  fats  by  taking 
up  glycerin  and  giving  up  alkali.  2.  If  a  lean  dog  be  fed  with  flesh  and  palmitin-  and  stearin- 
soda-soap,  the  fat  of  its  body  contains,  in  addition  to  palmitin  and  stearin,  olein  fat,  so  that 
the  last  must  be  formed  by  the  organism  from  the  proteids  of  the  Hesh.  Further,  Ssubotin 
found  that,  when  a  lean  dog  was  fed  on  lean  meat  and  spermaceti-fat,  a  very  small  amount  of 
the  latter  was  found  in  the  fat  of  the  animal.  Although  these  experiments  show  that  the  fat 
of  the  body  must  be  formed  from  the  decomposition  of  proteids,  they  do  not  prove  that  all  the 
fat  arises  in  this  way,  and  that  none  of  it  is  absorbed  and  redeposited  (§  241,  I.). 

III.  According  to  v.  Voit,  no  fat  is  formed  in  the  body  directly  from  carbo- 
hydrates, e.g.,  by  reduction.  As  fattening  occurs  on  a  diet  of  pure  flesh  with  the 
addition  of  carbohydrates,  it  is  assumed  that  the  carbohydrates  are  consumed  or 
oxidised  in  the  body,  and  that  thereby  a  non-nitrogenous  body  derived  from  the 
proteids  is  prevented  from  being  burned  up,  and  that  it  is  changed  into  fat,  and 
stored  up  as  such.    No  doubt  fat  is  formed  indirectly' in  the  blood  in  this  way 

From  experiments  upon  fattening  animals,  however,  Lawes  and  Gilbert,  Lehmann, 
Heiden,  v.  Wolff,  and  others,  think  they  are  entitled  to  conclude  that  the  carbo- 
hydrates absorbed  are  directly  concerned  in  the  formation  of  fats,  a  view  which  is 
supported  by  Henneberg,  B.  8chulze,  and  Soxhlet.  According  to  Pasteur,  glycerin 
(the  basis  of  neutral  fats)  may  be  formed  from  carbohydrates. 

[Tscherwinsky  fed  two  similar  pigs  from  the  same  litter ;  No.  I.  weighed  7300  grms. ;  No.  II. 
7290  grms.  No.  I.  was  killed  and  its  fat  and  proteids  estimated.  No.  II.  was  fed  for  four 
months  on  grain  and  then  killed,  the  gi-ain  and  excreta  and  the  undigested  fat  and  proteids 
were  analysed,  so  that  the  amount  of  fat  and  proteid  absorbed  in  four  months  was  estmiated. 
The  pig  then  weighed  24  kil6s.,  it  was  killed  and  its  fat  and  proteids  estimated. 

No.  II.  contained  2 '50  kilos,  albumin  and  9  "25  kilos,  fat. 
No.  1.         „       0-96     „         „  0-69     „  „ 


Assimilated,         1"56     ,,         ,,  8 '56 

Taken  in  in  food,  7-49     ,,         ,,  0-66 


Difference,         -5-93     ,,        ,,  4-7-90  ,, 

There  were  therefore  7 '90  kilos,  of  fat  in  the  body  which  couUl  not  be  accounted  for  in  the  fat 
of  the  food.  The  5  "93  kilos,  of  albumin  of  the  food  which  were  not  assimilated  as  albumin 
could  yield  only  a  small  part  of  the  7-90  kilos,  of  fat,  so  that  at  least  5  kilos,  of  fat  must  have 
been  formed  from  carbohydrate.  Lawes  and  Gilbert  calculated  that  40  per  cent,  of  the  fat  in 
pigs  was  derived  from  carbohydrates.  How  the  carbohydrates  are  changed  into  fat  in  the 
body  is  entirely  unknown.] 

Formerly  it  was  believed  that  bees  could  prepare  wax  from  honey  alone ;  this  is  a  mistake— 
an  equivalent  of  albumin  is  required  in  addition— the  necessary  amount  is  found  in  the  raw 
honey  itself. 
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242.  CORPULENCE.— The  addition  of  too  much  fat  to  the  body  is  a  pathological  pheno- 
iiu'iioii  which  is  attended  with  disagreeable  consequences.  With  regard  to  the  causes  of  obesity, 
without  doubt  there  is  an  inherited  tendency  (in  33  to  56  i)er  cent,  of  the  cases)  in  many 
families— and  in  some  breeds  of  cattle,  to  lay  up  fat  in  the  body,  while  other  families  may  be 
richly  supplied  with  fat,  and  yet  remain  lean.  The  chief  cause,  however,  is  taking  too  much 
food,  i.e.,  more  than  the  amount  required  for  the  normal  metabolism;  corpulent  people,  in 
order  to  maintain  their  bodies,  must  eat  absolutely  and  relatively  more  than  persons  of  spare 
habit,  under  analogous  conditions  of  nutrition  (§  286). 

Conditions  favoiiring  Corpulence. — (1)  A  diet  rich  in  i^'oteids,  with  a  corresponding  a.ddition 
oifat  or  carbohydrates.  As  llesh  or  nmscle  is  formed  from  proteids,  and  part  of  the  fat  of  the  body 
is  also  formed  from  albumin;  the  assumption  that  fats  and  carbohydrates  fatten,  or,  when  taken 
alone,  act  as  fattening  agents,  is  completely  without  foundation.  (2)  Diminished  disintegra- 
tion of  materials  within  the  body,  e.g.,  (a)  diminished  muscular  activity  (much  sleep  and  little 
exercise)  ;  (h)  abrogation  of  the  sexual  functions  (as  is  shown  by  the  rapid  fattening  of  castrated 
animals,  as  well  as  by  the  fact  that  some  women,  after  cessation  of  the  menses,  readily  become 
corpulent) ;  (c)  diminished  mental  activity  (the  obesity  of  dementia),  phlegmatic  temperament. 
On  the  contrary,  vigorous  mental  work,  excitable  temperament,  care  and  sorrow,  counteract 
the  deposit  of  fat ;  (d)  diniinisJied  extent  of  the  respiratory  activity,  as  occurs  when  there  is  a 
great  deposition  of  fat  in  the  abdomen,  limiting  the  action  of  the  diaphragm  (breathlessness  of 
corpulent  people),  whereby  the  combustion  of  the  fatty  mattersiwhich  become  deposited  in  the 
body,  is  limited  ;  {c)  a  corpulent  person  requires  to  use  relatively  less  heat-giving  substances  in 
his  body,  partly  because  he  gives  ofl'  relatively  less  heat  from  his  compact  body,  than  is  done 
by  a  slender  long-bodied  individual,  and  partly  because  the  thick  layer  of  fat  retards  the  con- 
duction of  heat  ,(§  214,  4).  Thus,  corresponding  to  the  relatively  diminished  production  of 
heat,  more  fat  may  be  stored  up ;  (/)  a  diminution  of  the  red  blood-corpuscles,  which  are  the 
great  exciters  of  oxidation  in  the  body,  is  generally  followed  by  an  increase  of  fat — fat  people, 
as  a  rule,  are  fat  because  they  have  relatively  less  blood  (§  41) — women  with  fewer  red  blood- 
corpuscles  are  usually  fatter  than  men  ;  (</)  the  consumption  of  alcohol  favours  the  conservation 
of  fat  in  the  body,  the  alcohol  is  easily  oxidised,  and  thus  prevents  the  fat  from  being  burned 
up  (§  235). 

Disadvantages. — Besides  the  inconvenience  of  the  great  size  and  weight  of  the  body,  corpu- 
lent people  suiler  from  breathlessness — they  are  easily  fatigued,  are  liable  to  intertrigo  between 
the  folds  of  the  skin,  the  heart  becomes  loaded  with  fat,  and  they  not  uufrequently  are  subject 
to  apoplexy. 

In  order  to  counteract  corpulence  we  ought  to — (1)  Reduce  uniformly  all  articles  of  diet. 
The  diet  and  body  ought  to  be  weighed  from  week  to  week,  and  as  long  as  there  is  no  diminu- 
tion in  the  body-weight  the  amount  of  food  ought  to  be  gradually  and  uniformly  reduced  (not- 
withstanding the  appetite).  This  must  be  done  very  gradually  and  not  suddenly.  A  moderate 
reduction  of  fat  and  carbohydrates  in  a  normal  diet,  at  the  same  time  leads  to  a  diminution  of 
the  fat  of  the  body  itself.  Let  a  peison..  who  is  capable  of  muscular  exertion  take  156  grms. 
proteid,  43  grms.  fat,  and  114  grms.  carbohydrates  ;  but  in  those  where  congestions,  hydraimia, 
breathlessness  have  taken  place,  take  170  grms.  proteid,  25  grms.  fat,  and  70  grms.  carbo- 
hydrates {Oertel).  It  is  not  advisable  to  limit  the  amount  of  fat  and  carbohydrates  alone,  as  is 
done  in  the  Banting-cure  or  Bantingism.  Apart  altogether  from  the  fact  that  fat  is  formed 
from  proteids,  if  too  little  non-nitrogenous  food  be  taken,  severe  disturbance  of  the  bodily 
metabolism  is  apt  to  occur.  (2)  It  is  advisable  during  the  chief  meal  to  limit  the  consunqition 
of  fluids  of  all  soi'ts  (even  until  three-quarters  of  an  hour  thereafter),  and  thus  render  the  ab- 
sorption and  digestive  activity  of  the  intestine  less  active  {Oertel).  (3)  The  muscular  activity 
ought  to  be  gi'eatly  developed  by  doing  plenty  of  muscular  work,  or  taking  ]ilenty  of  exercise, 
both  physical  and  mental.  (4)  Favour  the  evolution  of  heat  by  taking  cold  baths  of  consider- 
able dui  ation,  and  afterwards  rubbing  the  skin  strongly  so  as  to  cause  it  to  become  red  ;  further, 
dress  lightly,  and  at  night  use  light  bed-clothing  ;  tea  and  coffee  arc  useful,  as  they  excite  the 
circulation.  (5)  Use  gentle  laxatives;  acid  fruits,  cider  ;  alkaline  carbonates  (of 'Marienbad, 
Carlsbad,  Vichy,  Neuenahr,  Ems,  &c.)  act  by  increasiiig ' the  intestinal  evacuations  and  dimin- 
ishing absorption.  (6)  If  from  accumulation  of  fat  there  is  danger  of  failure  of  the  heart's 
action,  Oertel  recommends  hill-climbing,  whereby  the  cardiac  muscle  is  exercised  and  strength- 
ened.   At  the  same  time  the  circulation  becomes  more  lively  and  the  metabolism  is  increased. 

[Oertel's  Method  goes  on  the  idea  of  strengthening  the  cardiac  musculature,  which  is  sought 
to  be  accomplished  by  (1)  limiting  the  amount  of  fluids  consumed,  and  (2)  carefully  regulated 
muscular  exertion.  The  amount  of  food  is  first  reduced  one-half,  and  the  water  to  a  still  lower 
amount,  while  the  nitrogenous  elements  in  food  are  increased,  the  non-nitrogenous  are  decreased 
The  person  is  then  instructed  to  take  exercise  under  certain  medical  precautions,  first,  on  levei 
ground,  and  then  on  gradually  increasing  gradients.]  ' 

Fatty  Degeneration.— The  process  of  fattening  consists  in  the  deposition  of  drops  of  fat 
within  the  fat-cells  of  the  panniculus  and  around  the  viscera,  as  well  as  in  the  marrow  of  bone 
(but  they  are  never  deposited  in  the  subcutaneous  tissue  of  the  eyelids,  of  tlie  ])cnis,  of  the  l  ed 
part  of  the  lips,  in  the  ears  and  nose).    This  is  quite  difiereut  from  the  fatty  atrophv  or  fatty 
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degeneration  whicli  occurs  in  the  form  of  fatty  globules  or  granules  in  albuminous  tissues,  e.g., 
in  muscular  fibres  (heart),  gland-cells  (liver,  kidney),  cartilage-cells,  lymph-  and  pus-coriuisclcs, 
as  well  as  in  nerve-hbres  separated  from  their  nerve  centres.  The  fat  in  these  cases  is  derived 
from  albumin,  much  in  the  same  way  as  fat  is  formed  in  the  gland-cells  of  the  mammary  and 
sebaceous  glands.  JMarked  fatty  degeneration  not  unfreipiently  occurs  after  severe  fevers,  and 
after  artificial  heating  of  the  tissues  ;  when  a  too  small  amount  of  0  is  supplied  to  the  tissues, 
as  occurs  in  cases  of  phosphorus  poisoning  {Bauer) ;  in  drunkards  ;  after  poisoning  with  arsenic 
and  other  substances,  and  after  some  disturbances  of  the  circulation  and  imiervation.  Some 
organs  are  especially  prone  to  undergo  fatty  degeneration  during  the  course  of  certain  diseases. 

243.  METABOLISM  OF  THE  TISSUES.— The  blood-stream  is  the  chief 
medium  Avhereby  new  material  is  supplied  to  the  tissues  and  the  effete  products  re- 
moved from  them.  The  lymph  Avhich  passes  through  the  thin  capillaries  coines 
into  actual  contact  with  the  tissue  elements.  Those  tissues  which  are  devoid  of 
blood-vessels  in  their  own  substance,  such  as  the  cornea  and  cartilage,  receive 
nutrient  fluid  or  lymph  from  the  adjacent  capillaries,  by  means  of  their  cellular 
elements,  which  act  as  juice-conducting  media.  Hence,  when  the  normal  circulation 
is  interfered  with,  by  atheroma  or  calcification  of  the  walls  of  the  blood-vessels, 
these  tissues  are  secondarily  affected  [this,  for  example,  is  the  case  in  arcus  senilis 
of  the  cornea,  due  to  a  fatty  degeneration  of  the  corneal  tissue,  owing  to  some  affec- 
tion of  the  blood-vessels  on  whicli  the  cornea  depends  for  its  nutrition].  Total  com- 
pression or  ligature  of  all  the  blood-vessels  results  in  necrosis  of  the  parts  supplied 
by  the  ligatured  blood-vessels. 

Atrophies  caused  by  diminution  of  the  normal  supply  of  blood,  gradually,  in  the  course  of  time 
become  less  and  less  {Samuel). 

Hence,  there  must  be  a  double  cuiTent  of  the  tissue  juices  ;  the  afferent  or 

supply-  current,  which  supplies  the  new  material,  and  the  efferent  stream  which 

removes  the  effete  products.    The  former  brings  to  the  tissues  the  proteids,  fats, 

carbohydrates,  and  salts  from  which  the  tissues  are  formed.    It  is  evident  that  any 

interruption  of  the  arterial  supply  to  the  tissues  will  diminish  this  supply. 

That  such  a  current  exists  is  proved  by  injecting  an  indifferent,  easily  recognisable  substance 
into  the  blood,  e.ij.,  potassium  ferrocyanide,  when  its  presence  may  be  detected  in  the  tissues, 
to  which  it  has  been  carried  by  the  outgoing  current. 

The  efferent  stream  carries  away  the  decomposition  products  from  the  various 
tissues,  more  especially  urea,  CO.,,  H^O,  and  salts,  and  these  are  transferred  as 
quickly  as  possible  to  the  organs  through  which  they  are  excreted. 

That  such  a  current  exists  is  proved  by  injecting  such  a  substance  as  potassium  ferrocyanide 
into  the  tissues,  e.g.,  subcutaneously,  when  its  presence  may  be  detected  in  the  urine  within 
two  to  live  minutes. 

If  the  current  from  the  tissues  to  the  blood  is  so  active  that  the  excretory  organs 
cannot  eliminate  all  the  effete  products  from  the  blood,  then  these  products  are 
found  in  the  tissues.  When  certain  poisons  are  injected  subcutaneously,  they  pass 
rapidly  into  the  blood  and  are  carried  in  great  quantity  to  other  tissues,  e.g.,  to  the 
nervous  system,  on  which  they  act  with  fatal  effect,  before  they  are  eliminated  to . 
any  great  extent  from  the  blood  by  the  action  of  the  excretory  organs.  The  effete 
materials  are  carried  away  from  the  tissues  by  two  channels,  viz.,  by  the  veins  and 
by  the  lymphatics,  so  that  if  these  be  interfered  with,  the  metabolism  of  the  tissues 
must  also  suffer.  When  a  limb  is  ligatured  so  as  to  compress  the  veins  and  the 
lymphatics,  the  efferent  stream  stagnates  to  such  an  extent  that  considerable  swell- 
ing of  the  tissues  or  oedema  may  occur  (§  203).  The  action  of  the  muscles  and 
fascise  are  very  important  in  removing  these  effete  matters. 

H.  Nasse  found  tliat  the  blood  of  the  jugular  vein  is  0-225  per  1000  specifically  heavier  than 
the  blood  of  the  carotid,  and  contains  0-9  parts  per  1000  more  solids;  1000  cubic  centimetres 
of  blood  circulating  tlirough  the  head  yield  about  6  cubic  centimetres  of  transudation  into  the 
tissues. 

The  extent  and  intensity  of  the  metabolism  of  the  tissues  depend  upon  a 
variety  of  factors. 
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1.  Upon  their  activity. — The  increased  activity  of  an  organ  is  indicated  by  the 
increased  amount  of  blood  going  to  it,  and  by  the  more  active  circulation  through 
it  100).  When  an  organ  is  completely  inactive,  such  as  a  paralysed  muscle,  or  the 
peripheral  end  of  a  divided  nerve,  the  amount  of  blood  and  the  nutritive  exchange 
of  fluids  diminish  within  these  parts.  The  parts  thus  thrown  out  of  activity  be- 
come pale,  relaxed,  and  ultimately  undergo  fatty  degeneration.  The  increased 
metabolism  of  an  organ  during  its  activity  has  been  proved  experimentally  in  the 
case  of  muscle,  and  [(§  263)  also  in  the  brain  {Speck)].  Langley  and  Sewell  have 
recently  observed  directly  the  metabolic  changes  within  sufficiently  thin  lobules  of 
glands  during  life.  The  cells  of  serous  glands  (§  143),  and  those  of  mucous,  and 
pepsin-forming  glands  (§  1G4),  during  quiescence,  become  hlled  with  coarse'granules, 
which  are  dark  in  transmitted  light  and  white  in  reflected  light,  which  granules  are 
consumed  or  disappear  during  granular  activity.  During  sleep,  when  most  organs 
are  at  rest,  the  metabolism  is  limited,  darkness  also  diminishes  it  ;  while  light 
excites  it,  obviously  owing  to  nervous  influences.  The  variations  in  the  total  meta- 
bolism of  the  body  are  reflected  in  the  excretion  of  CO2  (§  127,  9)  and  urea  (§  257), 
Avhicli  may  be  expressed  graphically  in  the  form  of  a  curve  corresponding  with  the 
activity  of  the  organism ;  this  curve  corresponds  very  closely  with  the  daily  varia- 
tions in  the  respirations,  pulse,  and  temperature  (p.  327). 

2.  The  composition,  of  the  blood  has  a  marked  effect  upon  the  current  on  which 
the  metabolism  of  the  tissues  depends.  Yery  concentrated  blood,  which  contains 
a  small  amount  of  water,  as  after  profuse  sweating,  severe  diarrhoea,  cholera,  makes 
the  tissues  dry,  while  if  much  water  be  absorbed  into  the  blood,  the  tissues  become 
more  succulent  and  even  oedema  may  occur.  When  much  common  salt  is  present 
in  the  blood,  and  when  the  red  blood-corpuscles  contain  a  diminished  amount  of  O. 
and  especially  if  the  latter  condition  be  accompanied  by  mu.scular  exertion  causing 
dyspnoea,  a  large  amount  of  albumin  is  decomposed,  and  there  is  a  great  formation 
of  urea.  Hence,  exposure  to  a  rarefied  atmosphere  is  accompanied  by  increased 
excretion  of  urea.  Certain  abnormal  conditions  of  the  blood  produce  remarkable 
results ;  blood  charged  with  carhonir  oxide  cannot  absorb  O  from  the  air,  and  does 
not  remove  CO^  from  the  tissues  (§  16).  The  presence  of  hydroci/anic  acid  in  the 
blood  (§  16)  is  said  to  interrupt  at  once  the  chemical  oxidation  processes  in  the 
blood,  so  that  rapid  asphyxia,  owing  to  cessation  of  the  internal  respiration,  occurs. 
Fermentation  is  interrupted  by  the  same  substance  in  a  similar  way.  A  diminution 
of  the  toted  amount  of  the  blood  causes  more  fluid  to  pass  from  the  tissues  into  the 
blood,  but  the  absorption  of  substances — such  as  poisons  or  pathological  effusions, 
from  the  tissues  or  intestines  is  delayed.  If  the  substances  which  pass  from  the 
tissues  into  the  blood  be  rapidly  eliminated  from  it,  absorption  takes  place  more 
rapidly. 

3.  The  blood-pressure,  when  it  is  greatly  increased,  causes  the  tissues  to  contain 
more  fluid,  while  the  blood  itself  becomes  more  concentrated,  to  the  extent  of  3  to 
5  per  1000.  We  may  convince  ourselves  that  blood-plasma  easily  passes  through 
the  capillary  wall,  by  pressing  upon  the  efferent  vessel  coming  from  the  chorium 
deprived  of  its  epidermis,  e.;/.,  by  a  burn  or  a  blister,  when  the  surface  of  the 
wound  becomes  rapidly  suffused  with  plasma.  Diminution  of  the  blood-pressure 
produces  the  opposite  result.  The  oxidation  processes  in  the  body  are  diminished 
after  the  use  of  P,  Cu,  ether,  chloroform,  and  chloral. 

4.  Increased  temperature  of  the  tissues  (several  hours  daily)  does  not  increase 
the  breaking  up  of  albumin  and  fats.    (See  §§  221,  220,  22-5.) 

5.  The  influence  of  the  nervous  system  on  the  metabolism  is  twofold.  On  the 
one  hand,  it  acts  indirectly  through  its  effect  upon  the  blood-vessels,  by  causiuo- 
them  to  contract  or  dilate  through  the  agency  of  vaso-motor  nerves,  Avhereby  it 
influences  the  amount  of  blood  supplied,  and  also  affects  the  blood-pressure.  But 
quite  independently  of  the  blood-vessels,  it  is  probable  that  certain  special  nerves  
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the  so-called  trophic  nerves,  influence  the  metabolism  or  nutrition  of  the  tissues 
(,§  3-i2,  r).  That  nerves  do  influence  directly  the  transformation  of  matter  within 
the  tissues  is  shown  by  the  secretion  of  saliva  resulting  from  the  stimulation  of 
certain  nerves,  after  cessation  of  the  circulation  (§  145),  and  by  the  metabolism 
during  the  contraction  of  bloodless  muscles.  Increased  respiration  and  apuoea  are 
not  followed  by  increased  oxidation  (Pjiuger)     127,  8). 

[Gaskell  has  raised  the  question  as  to  the  existence  of  katabolic  and  anabolic  nerves  con- 
trolling respectively  the  analytic  and  synthetic  metabolism  of  the  tissues.] 

244.  REGENERATION.— The  extent  to  which  lost  parts  are  replaced  varies  greatly  in 
different  organs.  Amongst  tlie  loira-  animals,  tlie  parts  of  organs  are  replaced  to  a  far  greater 
extent  than  amongst  warm-blooded  animals.  When  a  liydra  is  divided  into  two  part.s,  each 
part  forms  a  new  individual— nay,  if  the  body  of  the  animal  be  divided  into  several  parts  in  a 
particular  way,  then  each  part  gives  rise  to  a  new  individual  {Spallanzani).  The  Planai  ians 
also  show  a  great  capability  of  reproducing  lost  parts  {Diujes).  Spiders  and  crabs  can  reproduce 
lost  feelers,  limbs,  and  claws ;  snails,  part  of  the  head,  feelers,  and  eyes,  provided  the  central 
nervous  system  is  not  injured.  Many  fishes  reproduce  lins,  even  the  tail  fin.  Salamanders 
and  lizards  can  produce  an  entire  tail,  including  bones,  nmscles,  and  even  the  posterior  part  of 
the  spinal  cord;  while  the  triton  rei)roduces  an  amputated  limb,  the  lower  jaw,  and  the  eye. 
This  reproduction  necessitates  that  a  small  stump  be  left,  while  total  extirpation  of  the  parts 
prevents  reproduction.  In  amphibians  and  reptiles  the  regeneration  of  organs  and  tissues,  as- 
a  whole,  takes  place  after  the  type  of  the  embryonic  development,  and  the  same  is  true  as  re- 
gards the  histological  processes  which  occur  in  the  regenerated  tail  and  other  parts  of  the  body 
of  the  earth-worm. 

The  extent  to  which  regeneration  can  take  place  in  mammals  and  in  man  is  very 
.slight,  and  even  in  these  cases  it  is  chiefly  confined  to  young  individuals.  A  true 
regeneration  occurs  in — 

1.  The  blood,  including  the  plasma,  the  colourless  and  coloured  corpuscles.  (§  T 
and  §  41.) 

2.  The  epidermal  appendages  (§  283)  and  the  epithelium  of  the  mucous  mem- 
branes are  reproduced  by  a  proliferation  of  the  cells  of  the  deeper  layers  of  the 
epithelium,  with  simultaneous  division  of  their  nuclei.  Epithelial  cells  are  repro- 
duced as  long,  as  the  matrix  on  which  they  rest  and  the  lowest  layer  of  cells  are 
intact.  When  these  are  destroyed  cell-regeneration  from  below  ceases,  and  the  cells 
at  the  margins  are  concerned  in  filling  up  the  deficiency.  Kegeneration,  therefore, 
either  takes  place  from  below  or  from  the  margins  of  the  wound  in  the  epithelial 
covering  ;  leucocytes  also  wander  into  the  part,  while  the  deepest  layer  of  cells 
forms  large  multi-nucleated  cells,  which  reproduce  by  division  polygonal  flat 
nucleated  cells.  [In  the  process  of  division  of  the  cells,  the  nucleus  plays  an 
important  part,  and  in  so  doing  it  shows  the  usual  karyokinetic  figures  (§  431).] 
The  nails  grow  from  the  root  forwards  ;  those  of  the  fingers  in  four  to  five  months, 
and  that  of  the  great  toe  in  about  twelve  months,  although  growth  is  slower  in  the 
case  of  fracture  of  the  bones.  The  matrix  is  co-extensive  with  the  himile,  and  if  it 
be  destroyed  the  nail  is  not  reproduced  (§  284).  The  eyelashes  are  changed  in 
100  to  150  days,  the  other  hairs  of  the  body  somewhat  more  slowly.  If  the  papilla 
of  the  hair  follicle  be  destroyed,  the  hair  is  not  reproduced.  Cutting  the  hair 
favours  its  growth,  but  hair  which  has  been  cut  does  not  grow  longer  than  uncut 
hair.  After  hair  has  grown  to  a  certain  length,  it  falls  out.  The  hair  never  grows 
at  its  apex.  The  epithelial  cells  of  mucous  membranes  and  secretory  glands  seem 
to  undergo  a  regular  series  of  changes  and  renewal.  The  presence  of  secretory  cells 
in  the  milk  (§  231)  and  in  the  sebaceous  secretion  (§  285)  proves  this  :  the  sperma- 
tozoa are  replaced  by  the  action  of  spermatoblasts.  In  catarrhal  conditions  of 
mucous  membranes,  there  is  a  great  increase  in  the  formation  and  excretion  of  new 
epithelium,  while  many  cells  are  but  indifferently  formed  and  constitute  mucous 
corpuscles.  The  crystalline  lens,  which  is  just  modified  epithelium,  is  reorganised 
like  epithelium  ;  its  matrix  is  the  anterior  wall  of  its  capsule,  with  the  single 
layer  of  cells  covering  it.    If  the  lens  be  removed  and  this  layer  of  cells  retained,. 
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these  cells  proliferate  and  elongate  to  form  lens  fibres,  so  that  the  whole  cavity  of 
the  empty  lens  capsule  is  refilled.  If  much  water  be  withdrawn  from  the  body, 
the  lens  fibres  become  turbid.  [A  turbid  or  opaque  condition  of  the  lens  may 
occur  in  diabetes,  or  after  the  transfusion  of  strong  common  salt  or  sugar  solution 
into  a  frog.] 

3.  The  blood-vessels  undergo  extensive  regeneration,  and  they  are  regenerated  in 
the  same  way  as  they  are  formed  (§  7,  B).  Capillaries  are  always  the  first  stage, 
and  around  them  the  characteristic  coats  are  added  to  form  an  artery  or  a  vein. 
When  an  artery  is  injured  and  permanently  occluded,  as  a  general  rule  the  part  of 
the  vessel  up  to  the  nearest  collateral  branch  becomes  obliterated,  whereby  the 
derivatives  of  the  endothelial  lining,  the  connective-tissue  corpuscles  of  the  wall, 
and  the  leucocytes  change  into  spindle-shaped  cells,  and  form  a  kind  of  cicatricial 
tissue.  Blind  and  solid  outshoots  are  always  found  on  the  blood-vessels  of  young 
and  adult  animals,  and  are  a  sign  of  the  continual  degeneration  and  regeneration 
of  these  vessels.  Lymphatics  behave  in  the  same  way  as  blood-vessels ;  after 
removal  of  a  lymphatic  gland,  a  new  one  may  be  formed  {Bayer). 

4.  The  contractile  substance  of  muscle  may  undergo  regeneration  after  it  has 
become  partially  degenerated.  This  takes  place  after  amyloid  or  wax-like  degener- 
ation, such  as  occurs  not  unfrequently  after  typhus  and  other  severe  fevers.  This 
is  chiefly  accomplished  by  an  increase  of  the  muscle  corpuscles.  After  being  com- 
pressed, the  muscular  nuclei  disappear,  and  at  the  same  time  the  contractile  contents 
degenerate.  After  several  days,  the  sarcolemma  contains  numerous  nuclei  which 
reproduce  new  muscular  nuclei  and  the  contractile  substance.  In  fibres  injured  by 
a  subcutaneous  wound,  Neumann  found  that,  after  five  to  seven  days,  there  was  a 
bud-like  elongation  of  the  cut  ends  of  the  fibres,  at  first  without  transverse  striation, 
but  with  striation  ultimately.  If  a  large  extent  of  a  muscle  be  removed,  it  is 
replaced  by  cicatricial  connective-tissue.  Non-striped  muscular  fibres  are  also 
reproduced ;  the  nuclei  of  the  injured  fibres  divide  after  becoming  enlarged,  and 
exhibit  a  well-marked  intra-nuclear  plexus  of  fibrils.  The  nuclei  divide  into  two, 
and  from  each  of  these  a  new  fibre  is  formed,  probably  by  the  differentiation  of  the 
peri-nuclear  protoplasm. 

5.  After  a  nerve  is  divided,  the  two  ends  do  not  join  at  once  so  as  to  permit  the 
function  of  the  nerve  to  be  established.  On  the  contrary,  marked  changes  occur. 
If  a  piece  be  cut  out  of  a  nerve-trunk,  the  peripheral  end  of  the  divided  nerve 
degenerates,  the  axial  cylinder  and  the  white  substance  of  Schwann  disappear. 
The  interval  is  filled  up  at  first  with  juicy  cellular  tissue.  The  subsequent  changes 
are  fully  described  in  §  325,  4.  There  seems  to  be  in  peripheral  nerves  a  continual 
disappearance  of  fibres  by  fatty  degeneration,  accompanied  by  a  consecutive  forma- 
tion of  new  fibres  {Sigm.  Mayer).  The  regeneration  of  peripheral  ganglionic  cells 
is  unknown.  V.  Voit,  however,  observed  that  a  pigeon,  part  of  whose  brain  was 
removed,  had  within  five  months  reproduced  a  nervous  mass  within  the  skull,  con- 
sisting of  medullated  nerve-fibres  and  nerve-cells.  Eichhorst  and  Naunyn  found 
that  in  young  dogs,  whose  spinal  cord  was  divided  between  the  dorsal  and  lumbar 
regions,  there  was  an  anatomical  and  physiological  regeneration,  to  such  an  extent 
that  voluntary  movements  could  be  executed  (§  338,  3).  Yaulair,  in  the  case  of 
frogs,  and  Masius  in  dogs,  found  that  mobility  or  motion  was  first  restored,  and 
afterwards  sensibility.    Kegeneration  of  the  spinal  ganglia  did  not  occur. 

6.  In  many  glands,  the  regeneration  of  their  cells  during  normal  activity  is 
very  active—sebaceous,  mucous,  Lieberkiihnian,  uterine,  mammary  glands  durin^ 
pregnancy — in  others  less.  If  a  large  portion  of  a  secretory  gland  be  removed,  as 
a  general  rule,  it  is  not  reproduced.  A  gland,  if  injured,  and  if  suppuration  follows, 
is  not  regenerated.  But  the  bile  ducts  (§  173)  and  the  pancreatic  duct  may  be 
reproduced  (§  171).  According  to  Philippeaux  and  Griffini,  if  part  of  the  spleen 
be  removed  it  is  reproduced  (§  103).    Tizzoni  and  CoUucci  observed  the  formation 


KEGENERATION  OF  BONE. 


of  new  liver-cells  and  bile-ducts  after  injury  to  the  liver  173),  and  Pisenti  makes 
the  same  statement  as  regards  the  kidney.  After  mechanical  injury  to  the  secre- 
tory cells  of  glands  (liver,  kidney,  salivary,  Meibomian),  neighbouring  cells  undergo 
proliferation  and  aid  in  the  restoration  of  the  cells. 

7.  Amongst  connective  tissues,  cartilage,  provided  its  perichondrium  be  not 
injured,  reproduces  itself  by  division  of  its  cartilage  cells  ;  but  usually  when  a  part 
of  a  cartilage  is  removed,  it  is  replaced  by  connective-tissue. 

8.  When  a  tendon  is  divided,  }iroliferation  of  the  tendon  cells  occurs,  and  the 
cut  ends  are  united  by  connective-tissue. 

9.  The  reproduction  of  bone  takes  place  to  a  great  extent  under  certain  conditions. 
If  the  articular  end  be  removed  by  excision,  it  may  be  reproduced,  although  there 
is  a  considerable  degree  of  shortening.  Pieces  of  bone  which  have  been  broken  olf 
or  sawn  off  heal  again,  and  become  united  with  the  original  bone.  A  tooth  may  be 
removed,  replanted  in  the  alveolus,  and  become  fixed  there.  If  a  piece  of  periosteum 
be  transplanted  to  another  region  of  the  body,  it  eventually  gives  rise  to  the  forma- 
tion of  new  bone  in  that  locality.  If  part  of  a  bone  be  removed,  ])rovided  the 
periosteum  be  left,  new  bone  is  rapidly  reproduced ;  hence,  the  surgeon  takes  great 
care  to  preserve  the  periosteum  intact  in  all  operations  where  he  wishes  new  bone 
to  be  reproduced.  Even  the  marrow  of  bone,  when  it  is  transplanted,  gives  rise 
to  the  formation  of  bone.  This  is  due  to  the  osteoblasts  adhering  to  the  osseous 
tissue. 

In  fracture  of  a  long  bone,  the  periosteum  deposits  on  the  surface  of  the  euds  of  the  broken 
bones  a  riiif,'  of  substance  wliich  forms  a  temporary  support,  the  external  callus.  At  first  this 
callus  is  jellydike,  soft,  and  contains  many  corj)Uscles,  but  afterwards  it  becomes  more  solid 
and  somewhat  like  cartilage.  A  similar  comlition  occurs  within  the  bone,  where  an  internal 
callus  is  formed.  The  formation  of  tliis  temporary  callus  is  due  to  an  iiiHammatory  prolifera- 
tion of  the  connective-tissue  corpuscles,  and  partly  to  the  osteoblasts  of  the  periosteum  and 
marrow.  According  to  Rigal  and  Vigual,  the  internal  callus  is  always  osseous,  and  is  derived 
i'rom  the  marrow  of  the  bone.  The  outer  and  inner  callus  become  calcified  and  ultimately 
ossified,  whereby  the  broken  ends  are  reunited.  Towards  the  fortieth  day,  a  thin  laj'er  of  bone 
is  formed  (intermediary  callus)  between  the  ends  of  the  bone.  Where  this  begins  to  be 
definitely  ossified,  the  outer  and  inner  callus  begin  to  be  absorbed,  and  ultimately  the  inter- 
mediary callus  has  the  same  structure  as  the  rest  of  the  bone. 

There  are  many  interesting  observations  connected  with  the  growth  and  metabolism  of  bones. 
1.  The  addition  of  a  very  small  amount  of  phosphorus  or  arsenious  acid  to  the  food  causes  con- 
siderable thickening  of  the  bones.  This  seems  to  be  due  to  the  non-absoi  ption  of  those  parts  of 
the  bones  which  are  usually  absorbed,  while  new  growth  is  continually  taking  place.  2.  When 
food  devoid  of  lime-salts  is  given  to  an  animal,  the  growth  of  the  bones  is  not  arrested,  but  the 
bones  become  thinner,  whereby  all  parts,  even  the  organic  basis  of  the  bone,  undergo  a  uniform 
diminution.  3.  Feeding  with  madder  makes  the  bones  red,  as  the  colouring  matter  is  deposited 
with  tlie  bone-salts  in  the  bone,  especially  in  the  growing  and  last  formed  parts.  In  birds  the 
shell  of  the  egg  becomes  coloured.  4.  The  continued  use  of  lactic  acid  dissolves  the  bones. 
The  ash  of  bone  is  thereby  diminished.  If  lime-salts  be  withheld  at  the  same  time,  the  effect 
is  greatly  increased,  so  that  the  bones  come  to  resemble  rachitic  bones.  (Development  of  Bone, 
§447.) 

When  a  lost  tissue  is  not  replaced  by  the  same  kind  of  tissue,  its  place  is  always 

taken  by  cicatricial  connective-tissue. 

When  this  is  the  case,  the  part  becomes  inflamed  and  swollen,  owing  to  an  exudation  of 
plasma.  The  blood-ves.sels  become  dilated  and  congested,  and,  notwithstanding  the  slower 
circulation,  the  amount  of  blood  is  greater.  The  blood-vessels  are  increased,  owing  to  the 
formation  of  new  ones.  Colourless  blood-corpuscles  pass  out  of  the  vessels  and  reproduce  them- 
selves, and  many  of  them  undergo  fatty  degeneration,  whilst  others  take  uj)  nutriment  and 
become  converted  into  large  uninucleated  protoplasma  cells,  from  which  giant  cells  are  developed. 
The  newly  formed  blood-vessels  supply  all  these  elements  with  blood. 

245.  TRANSPLANTATION  OF  TISSUES.— The  nose,  ear,  and  even  a  finger,  after  having 
been  severed  from  the  body  by  a  clean  cut,  liave,  under  certain  circumstances,  become  united 
to  the  part  from  which  they  were  removed.  The  skin  is  freiiuently  transplanted  by  surgeons, 
as,  for  example,  to  form  a  new  nose.  The  piece  of  skin  is  cut  from  the  forehead  or  arm,  to 
which  it  is  left  attached  by  a  bridge  of  skin,  is  then  stitched  to  the  ]mrt  which  it  is  desired  to 
cover  in,  and  when  it  has  become  attached  in  its  new  situation,  the  bridge  of  skin  is  severed. 
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ReverJin  cut  a  piece  of  skin  into  pieces  about  the  size  of  a  pea  and  fixed  them  on  an  ulcerated 
suiiace,  where  they,  as  it  were,  took  root,  grew,  and  sent  off  from  tlicir  margins  epithelial  out- 
growths, so  that  ultimately  the  whole  surface  was  covered  with  epithelium.  [White  skin 
transplanted  to  a  negro  ultimately  becomes  pigmented,  and  black  skin  transplanted  to  a  white 
person  becomes  wliite.]  Tlie  excised  sjmr  of  a  cock  was  transplanted  and  fixed  in  the  comb  of 
the  same  animal,  where  it  grew  {John  Htmtcr).  P.  Bert  cut  off  the  tail  and  legs  of  rats  and 
transplanted  tliem  under  the  skin  of  the  back  of  other  rats,  where  they  united  with  the  adjoin- 
ing parts.  Oilier  found  that,  wlien  periosteum  was  transplanted,  it  grew  and  reproduced  bone 
in  its  new  situation.  Even  blood  and  lymph  may  be  transfused  (Transfusion,  §  102).  [Small 
portions  (1'5  mm.)  of  epiphyses,  costal  cartilage,  of  a  rabbit  or  kitten,  when  transplanted  quite 
fresh  into  the  anterior  chamber  of  the  eye,  testis,  submaxillary  gland,  kidney,  and  under  the 
skin  of  a  rabbit,  attach  themselves  and  grow,  and  the  growth  is  more  rapid  the  more  vascular 
the  site  on  which  the  tissue  is  transplanted.  The  cartilage  is  not  essentially  different  from 
hyaline  cartilage,  but  the  cells  are  fewer  in  the  centre,  while  the  matrix  tends  to  become  fibrous. 
Small  pieces  of  epiphysial  cartilage  introduced  into  the  jugular  vein  were  found  as  cartilaginous 
foci  in  the  lungs.  Tissues  transplanted  from  embryonic  structures  grow  far  better  than  adult 
tissues.  If  a  portion  of  the  cornea  of  a  rabbit  be  transplanted  to  a  human  eye,  provided 
Descemet's  membrane  be  clear,  it  will  grow  and  remain  clear  {v.  HippcU).  A  rabbit's  nerve 
has  been  transplanted  to  the  human  subject,  but  without  success.] 

Many  of  these  results  seem  only  to  be  possible  between  individuals  of  the  same  species, 
although  Helferich  has  recently  found  that  a  piece  of  a  dog's  muscle,  when  substituted  for 
human  muscle,  united  to  the  adjoining  muscle,  and  became  functionally  active.  [J.  R.  Wolfe 
has  transplanted  the  conjunctiva  of  the  rabbit  to  the  human  eye.]  Most  tissues,  however,  do 
not  admit  of  transplantation,  e.g.,  glands  and  the  sense-organs.  They  may  be  removed  to 
other  parts  of  the  body,  or  into  the  peritoneal  cavity,  Avithout  exciting  any  inflammatorj'  re- 
action ;  they,  in  fact,  behave  like  inert  foreign  matter. 

246.  INCREASE  IN  SIZE  AND  WEIGHT.  —The  length  of  the  body,  which  at  birth  is  usually 
Tf  Jj  of  the  adult  body,  undergoes  the  greatest  elongation  at  an  early  period  : — in  the  first  year, 
20  ;  in  the  second,  10  ;  in  the  third,  about  7  centimetres  ;  whilst  from  ,  five  to  sixteen  years  the 
annual  increase  is  about  5^  centimetres.  In  the  twentieth  year  the  increase  is  very  slight. 
From  fifty  onwards  the  size  of  the  body  diminishes,  owing  to  the  intervertebral  discs  becoming 
thinner,  and  the  loss  may  be  6  to  7  centimetres  about  the  eightieth  year.  The  weight  of  the 
^<iy  (jo  of  an  adult)  sinks  during  the  first  five  to  seven  days,  owing  to  the  evacuation  of  the 
meconium  and  the  small  amount  of  food  which  is  taken  at  first.  Only  on  the  tenth  day  is  the 
weight  the  same  as  at  birth. 

The  increase  of  weight  is  greater  in  tlie  same  time  than  the  increase  in  length.  Within  the 
first  year  a  child  trebles  its  weight.  The  greatest  weight  is  usually  reached  about  forty,  while 
towards  sixty  a  decrease  begins,  which  at  eighty  may  amount  even  to  6  kilos.  The  results  of 
measurements,  chiefly  by  Quetelet,  are  given  in  the  following  table  : — 


Age. 

Length  (Cmtr.). 

Weiglit  (Kilo.).  1 

Age. 

Length  (Cmtr.). 

Weight  (Kilo.). 

Man. 

Woman. 

Man. 

Woman.  ! 

Mun. 

Woman. 

Man. 

Woman. 

0 

49-6 

48-3 

3-20 

2-91 

15 

155-9 

147-5 

46-41 

41-30 

1 

69-6 

69-0 

10-00 

9-30  1 

16 

161-0 

150-0 

53-39 

44-44 

2 

79-6 

78-0 

12-00 

11-40  1 

17 

167-0 

154-4 

57-40 

49-08 

3 

86-0 

85-0 

13-21 

12-45 

18 

170-0 

156-2 

61-26 

53-10 

4 

93-2 

91-0 

15-07 

14-18 

19 

170-6 

63-32 

5 

99-0 

97-0 

16-70 

15-50 

20 

171-1 

157-0 

65-00 

54-46 

6 

104 '6 

103-2 

18-04 

16-74 

25 

172-2 

157-7 

68-29 

55-08 

7 

in-2 

109-6 

20-16 

18-45 

30 

172-2 

157-9 

68-90 

55-14 

8 

117-0 

113-9 

22-26 

19-82 

40 

171-3 

155-5 

68-81 

56-65 

9 

1-22-7 

120-0 

24-09 

22-44 

50 

167-4 

153-6 

67-45 

58-45 

10 

128-2 

124-8 

26-12 

24-24 

60 

163-9 

151-6 

65-50 

56-73 

11 

132-7 

127-5 

27-85 

26-25 

70 

162-3 

151-4 

63  03 

53-72 

12 

135-9 

132-7 

31-08 

30-54 

80 

161-3 

150-6 

61-22 

51-52 

13 

140-3 

138-6 

35-32 

34-65 

90 

57-83 

49-34 

14 

148-7 

144-7 

•  40-50 

38-10 

(Chief! 

y  from  Quetelet.) 

Between  the  twelfth  and  fifteenth  years  the  weight  and  size  of  the  girl  are  greater  than  of  the 
boy.  Growth  is  most  active  in  the  last  months  of  icetal  life,  and  afterwards  from  the  sixth  to  the 
ninth  year  until  the  thirteenth  to  the  sixteenth.  The  full  stature  is  reached  about  thirty,  but 
not  the  greatest  weight. 
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General  View  of  the  Chemical  Constituents  of 

the  Organism. 


247.  (A)  INOEGANIC  CONSTITUENTS. -1.  Water  forms  58-5  per  cent,  of  the  whole 
body,  but  it  occurs  in  cUHereut  quantity  in  tlie  ditrcrent  tissues.  The  kidneys  contain  the 
most  water,  827  per  cent.  ;  bones,  22  per  cent.  ;  teeth,  10  i)er  cent.;  while  enamel  contains 
the  least,  0-2  per  cent.  (§  229).  According  to  some  observers,  peroxide  of  hydrogen  (H.,0.,)  is 
also  present  in  the  body. 

[Approximately,  water  forms  about  two-thirds  of  the  weight  of  the  body,  so  that  a  body 
weighing  75  kilos.  (165  lbs.)  contains  50  kilos.  (110  lbs.)  of  water.  The  following  table, 
modified  from  lieaunis,  shows  the  percentage  of  water  in  several  tissues  and  organs  : — 


Tissue  or  Organ. 

Water. 

Solids. 

Enamel, 

•2 

99-8 

Dentine, 

10-0 

90-0 

Bone, 

48-6 

51-4 

Fat, 

29-9 

70-1 

Elastic  tissue, 

49-6 

50-4 

Cartilage, 

55-0 

45-0 

Liver, 

69-3 

307 

Solids 

Tissue  or  Organ 
Spinal  cord,  . 
White  matter  \ 
of  brain,    .  \ 
Skin,  . 
Brain,  . 
Muscles, 
Spleen, 


Water.  Solids. 


697 

30-3 

70-0 

30-0 

72-0 

28-0 

75-0 

25-0 

757 

24-3 

75-8 

24-2 

Tissue  or  Organ 

Thymus, 

Connective- 
tissue 

Kidney, . 

Grey  matter  of  ) 
brain, .       .  \ 

Vitreous  humour,  98  7 


Water. 
77-0 

79-6 

827 
85-8 


Solids. 
23.0 

20-4 

17-3 

14-2 

1-3 


Blood,    .       .79-1  20-9 

Bile,      .       .86-4  13-6 

Milk,     .       .89-1  10-9 

Li(iuorsanguinis,90*l  9 '9 

Chyle,    .       .    92-8  7-2 


Liquids. 

Lymph,         .    95-8  4-2 

Serum,  .        .95-9  4-1 

Gastric  juice,  .    97 '3  27 

Intestinal  juice,  97  "5  2 '5 

Tears,    .       .98-2  1-8 


Aqueous  humour, 98  "6  1*4 

Cerebro-spinal     98-8  1-2 
Huid, 

Saliva,  .       .      99*5  0-5 

Sweat,  .       .99-5  0-5 


II.  Gases.— 0,  -  ozone  (§  37)-H.  -N-CC,  (§  38).  Marsh  gas  CH^  (§  124),  NH3  (§  30, 
§  124,  §  184),  H,S  (§  184). 

III.  Salts. — Sodium  chloride  [is  one  of  the  most  important  inorganic  substances  present  in 
the  body.  It  occurs  in  all  the  tissues  and  fluids  of  the  bodj-,  and  plays  a  most  prominent  part 
in  connection  with  the  diffusion  of  fluids  through  membranes,  and  its  presence  is  necessary  for 
the  solution  of  the  globulins  (p.  376).  Sometimes  it  exists  in  a  state  of  combination  with 
proteid  bodies,  as  in  the  blood-plasma.  Common  salt  is  absolutely  necessary  for  one's  existence  ; 
if  it  be  withdrawn  entirely,  life  soon  comes  to  an  end.  About  15  grammes  are  given  off  in 
twenty-four  hours,  chiefly  by  the  urine.  Boussingault  showed  that  the  addition  of  common 
salt  to  the  food  of  cattle  greatly  improved  their  condition]. 

[Calcium  phosphate  (CagP-jO^)  is  the  most  abundant  salt  in  the  body,  as  it  forms  more  than 
one-half  of  our  bones,  but  it  also  occurs  in  dentine,  enamel,  and  to  a  much  less  crxtent  in  the 
other  solids  and  fluids  of  the  ])ody.  Amongst  secretions,  milk  contains  relatively  the  largest 
amount  (272  per  cent.).  In  milk  it  is  necessary  for  forming  the  calcareous  matter  of  the  bones 
of  the  infant.  It  gives  bones  their  hardness  and  ligidity.  It  is  chiefly  derived  from  the 
food,  and,  as  only  a  small  quantity  is  given  off  in  the  excretions,  it  seems  not  to  undergo  rapid 
removal  from  the  body.] 

[Sodium  phosphate  (PNa.,04),  acid  sodium  jtlio^V^iate  (PNa^HOj),  add  potassium  phospha/.c 
(PKoHOj).  The  sodium  pliosphate  and  the  corresponding  potash  salt  give  most  of  the  fluids 
of  tlie  body  their  alkaline  reaction.  The  alkaline  reaction  of  the  blood-plasma  is  partly  due  to 
alkaline  phosphates,  which  arc  chiefly  derived  from  the  food.  The  acid  sodium  phosphate  is  the 
chief  cause  of  the  acid  reaction  of  the  urine.  A  small  quantity  of  phosphoric  acid  is  formed  in 
the  body  owing  to  the  oxidation  of  lecitliin,  which  contains  phosphorus.] 

[Sodium  carbonate  (NaoCOg)  and  sodium  bicarbonate  (NaHCOj)  exist  in  small  quantities  in 
the  food,  and  are  formed  in  the  body  from  the  decomposition  of  the  salts  of  the  vegetable  acids. 
They  occur  in  the  blood-plasma,  where  they  play  an  important  part  in  carrying  the  CO^  from 
the  tissues  to  the  lungs.  ] 

[Sodium  and  potassium  sulphates  (Na.,S04  and  K.,S04)  exist  in  very  small  (juantity  m  the 
body,  and  are  introduced  with  the  food, "but  part  is'formed  in  the  body  from  the  oxidation  of 
organic  bodies  containing  sulphur.] 

[Potassium  chloride  (KCl)  is  pretty  widely  distributed,  and  occurs  specially  in  muscle, 
coloured  blood-corpuscles,  and  milk.    Calcium  fluoride  (CaFlj)  occurs  in  small  ipiantity  in 
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bones  and  teeth.  Calcium  carbonate  (CaCOs)  is  associated  with  calcium  phosphate  in  bone, 
tooth  and  in  .some  fluiils,  but  it  occurs  in  relatively  much  smaller  amount.  It  is  kept  ni 
solution  by  alkaline  chlorides,  or  by  the  presence  of  free  carbonic  acid.  Ammonium  cmonae 
(XH^Cl).— :^linute  traces  occur  in  the  gastric  juice  and  the  urine.  Magnesium  phospha,te 
(Mg3P04)  occurs  along  with  calcium  phosphate,  but  in  very  much  smaller  quantity.] 

Table  by  Beaunis  of  the  relative  proportions  of  Salts. 


Bone. 

Olallcl. 

J>rGGti . 

C.  Sclimidt. 

Oidtmann. 

Mdsclc  of 
calf. 

Brain. 

Liver. 

Lungs. 

Spleen. 

oollic  cluoricie, 

*  * ' 

4  -74 

13  '0 

Potassic  chloride. 

Soda,  .... 

2-35 

10-69 

14-51 

19-5 

4  4 -.33 

Potash,  .... 

34-40 

34-42 

25-23 

1-3 

9-60 

Lime,  . 

37-58 

1-99 

0-72 

3-61 

1-9 

7-48 

Magnesia, 

1  •22 

1-45 

1-23 

0-20 

1-9 

0-49 

Ferric  o.xidc,  . 

2-74 

3-2 

7-28 

Chlorine, 

2-58 

0-54 

Fluorine, 

1-66 

Phosi>horic  acid  (free), 

9-15 

27-10 

Phosphoric  acid  (combined), 

53-31 

48-13 

39-02 

50-18 

48-5 

Sulphuric  acid, 

0-75 

0-92 

1-4 

2-54 

Carbon  dioxide, 

5-47 

Silicic  acid. 

6-81 

6-12 

0-27 

0-17 

Ferric  phosphate, 

1-23 

Table  by  Beaunis  of  the  Mineral  Matter  in  Animal  Fluids. 


Verdcil. 

Weber. 

Weber. 

Palin- 
liardt. 

Porter. 

Wilder- 
stein. 

Rose. 

Porter. 

Blood. 

Bloott- 
serum. 

niooij. 

Lympli. 

Urine. 

Bulk. 

Bile. 

Fjeces. 

Sodic  chloride, 
Potassic  chloride, 
Soda, 

Potash,  .  . 
Lime, 

ilagnesia,  . 
Ferric  oxide,  . 
Phosphoric  acid, 
Suli)huric  acid. 
Carbon  dioxide, 
Silicic  acid, 

58-81 

4-15 
11-97 
1-76 

ri2 

8-37 
10-23 
1-67 
1-19 

72-88 

12 -'93 
2-95 
2-28 
0-27 

0-  26 

1-  73 

2-  10 
4-40 
0-20 

17-36 
29-87 
3-55 
22-36 
2-58 
0-53 
10-48 
10-64 
0-09 
2-17 
0-42 

74-48 

10-35 
3-25 
0-97 
0-26 

0-  50 

1-  09 
... 

8-20 
1  -27 

67-28 

i-33 
13-64 
1-15 
1-34 

11-21 
4-06 

10-73 
26-33 

21-44 

18-  78 
0-87 
0-10 

19-  00 
2-64 

27-70 

36-73 
4-80 
1-43 
0-53 
0-33 

10-  45 
6-39 

11-  26 
0-36 

4-  33 

5-  07 

6-  10 
26-40 
10-54 

2-  50 
36-03 

3-  13 

IV.  Free  Acids. —Hydrochloric  acid  (H  CI)  [occurs /rcc  in  the  gastric  juice,  but  in  combina- 
tion with  the  alkalies  it  is  widely  distributed  as  chlorides].  Sulphuric  acid  (H2SO4)  [is  said  to 
occur  free  in  the  saliva  of  certain  gasteropods,  as  Dolium  galea.  In  the  body  it  forms  sulphates, 
chiefly  in  combination  with  soda  and  potash]. 

V.  Bases.— Silicon  as  silicic  acid  (SiO._,)  ;  manganese,  iron,  the  last  forms  an  integral 
constituent  of  lux'nioglobin  ;  copper  (?),  (§  174). 


248.  (B)  ORGANIC  COMPOUNDS.— L  Thk  Albuminous  ok  Photkid  Substances.— (1) 
True  Proteids  and  their  Allies  are  composed  of  C,  H,  0,  N,  and  S,  and  are  derived  from  plants 
(sec  Introduction).  [The  formation  of  alT)umin  from  the  elements  is  accomplished  only  by 
]ilants.  What  the  chemical  processes  arc  is  quite  unknown.  AVe  only  know  that  the  N  is  in  the 
lirst  instance  obtained  from  the  nitric  acid  or  ammonia  of  the  soil.  The  former  is  probably  not 
used  directly  as  .such,  but  serves,  perhaps,  for  the  formation  of  amides  or  amido-acids,  from 
which,  by  the  action  of  non-nitrogenous  bodies,  proteids  are  formed.] 
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[According  to  Hoppe-Seyler  their  general  percentage  composition  is— 

0.         H.         N.  c.  s. 

From    .       .    20-9       6-9      15-2       51 '5  OS 
To        .       .    23-5  to  7-3  to  17-0  to  54-5  to  2-0.] 

TheN'^  exist  in  almost  all  animal  fluids  and  tissues  partly  in  the  fluiil  form,  although  ?>rUeke 
maintains  that  tlio  molecule  of  albumin  exists  in  a  condition  midway  between  a  state  of  imbibi- 
tion and  a  true  solution— and  partly  in  a  more  concentrated  condition.  Besides  forming  the 
cliief  j»art  of  muscle,  nerve,  and  gland,  they  occur  in  nearly  all  the  fluids  of  the  body,  including 
the  blood,  lymph,  and  serous  fluids,  but  in  kcaWi  mere  traces  occur  in  the  sweat,  while  they 
are  absent  from  the  bile  and  the  urine.  Unboiled  white  of  egg  is  the  type.  In  the  ali- 
mentary canal  they  are  changed  into  peptones.  The  chief  products  derived  from  their  oxida- 
tion within  the  body  are  00^,  HoO,  and  especially  urea,  which  contains  nearly  all  the  N  of  the 
proteids. 

Constitution. —Their  chemical  constitution  is  quite  unknown.  The  N  seems  to  exist  in  two 
distinct  conditions,  partly  loosely  combined,  so  as  to  yield  ammonia  readily  wlien  they  are  de- 
composed, and  partly  in  a  more  fixed  condition.  According  to  Pftiiger,  part  of  the  N'in  living 
proteid  bodies  exists  in  the  form  of  cyanogen.  [Loew  supjiorts  Pfliiger's  view  that  tlie  molecule 
of  living  (active)  albumin  dilfers  from  that  of  dead  albumin,  as  he  finds  that  the  living  proto- 
plasm of  certain  algfc  can  reduce  silver  in  very  dilute  alkaline  solutions,  which  dead  protoplasm 
cannot  do.]  The  proteid  molecule  is  very  large,  and  is  a  very  complex  one  ;  a  small  part  of  the 
molecule  is  composed  of  substances  from  the  group  of  aromatic  bodies  (wliich  become  conspicu- 
ous daring  putrefaction),  the  larger  part  of  the  molecule  belongs  to  the  fatti/  bodies;  during 
the  oxidation  of  albumin  fatty  acids  especially  arc  developed.  Carbohydrates  may  also  appear 
as  decomposition-jiroducts.  For  the  decompositions  during  digestion  see  §  170,  and  during 
putrefaction  §  184.  The  proteids  form  a  large  group  of  closely  related  substances,  all  of  which 
are  perhaps  modifications  of  the  same  body.  When  we  remember  that  the  infant  manufactures 
most  of  the  proteids  of  its  ever-growing  body  from  the  casein  in  milk,  this  last  view  seems  not 
improbable. 

Characters. — Proteids,  the  anhydrides  of  peptones  (§  166)  are  colloids  (§  191),  and  therefore 
do  not  diffuse  easily  through  animal  membranes  ;  they  are  amorphous  and  do  not  crystallise, 
and  hence  are  isolated  with  difhculty  ;  some  are  soluble,  others  are  insoluble  in  water  ;  insoluble 
in  alcohol  and  ether  ;  rotate  the  ray  of  polarised  light  to  the  left ;  when  burned  they  give  the 
odour  of  burned  liorn.  Various  metallic  salts  and  alcohol  precipitate  them  from  their  solu- 
tion ;  they  are  coagulated  by  heat,  mineral  acids,  and  the  prolonged  action  of  alcohol. 
Caustic  alkalies  dissolve  them  (yellow),  and  from  this  solution  they  are  precipitated  by 
acids.  By  powerful  oxidising  agents  they  yield  carbamic  acid,  guanidin,  and  volatile  fatty 
acids. 

Decomposition. — [The  number  and  varieties  of  these  products  are  exceedingly  great,  so 
that  it  is  not  easy  to  separate  the  several  products.  In  the  first  place,  there  is  great  diffi- 
culty in  getting  in  sufficient  quantity  a  perfectly  pure  proteid,  wherewith  to  institute  the 
necessary  experiments.  The  decomposition -products  of  albumin  when  acted  on  by  barium 
hydrate  have  been  most  fully  investigated.  The  action  of  concentrated  HCl,  potassic 
permanganate,  and  bromine  has  also  been  studied.  The  action  of  the  animal  or  vegetable 
digestive  ferments  is  very  important  (§  170),  and  specially  that  of  bacteria  causing  putre- 
faction (§  184).]  When  acted  upon  in  a  suitable  manner  by  acids  and  alkalies,  they 
give  rise  to  the  decomposition -products — leucin  (10  to  18  per  cent.),  tyrosin  (0'25  to  2 
per  cent.),  aspartic  acid,  glutamic  acid,  and  also  volatile  fatty  acids,  benzoic  and  hydro- 
cyanic acids,  and  aldehy{\es  of  benzoic  and  fatty  acids  ;  also  indol  (JTlasiicetz,  Jlcbcrmann). 
Similar  products  are  formed  during  pancreatic  digestion  (§  170)  and  during  jnitrefaction 
(§  184).  [Although  it  is  assumed  that  the  proteids  have  the  closest  relation  to  urea,  no 
one,  so  far,  has  succeeded  in  preparing  urea  by  the  direct  decomposition  of  albumin. 
Both  by  the  action  of  acids  and  barium  hydrate,  the  splitting  up  into  simi>ler  compounds 
does  not  take  place  at  once,  but  by  successive  stages,  one  to  the  formation  of  different, 
bodies.  Proteids,  when  fully  decomposed,  either  by  acids  or  alkalies,  yield  as  the  final  pro- 
ducts ammonia,  and  amido-acids  ;  by  alkalies  also  carbonic,  acetic,  and  oxalic  acids.  The 
amido-acids  contain  several  scries  including  leucin,  tyrosin,  and  glutamic  acid.  But  all  proteids 
do  not  yield  these  three  bodies,  for  tyrosin  may  be  absent,  while  leucin,  so  far,  has  been  always 
found.  It  has  therefore  been  attempted  to  classify  proteids  into  those  that  yield  tyrosin  {i.e., 
aromatic  compounds)  and  those  that  do  not.  Classes  I. -VII.,  p.  376,  yield  when  decomposed 
aromatic  bodies  (tyrosin,  indol,  phenol),  wliile  gelatin-yielding  bodies  and  spongin  yield  no 
aromatic  bodies.]  , 

General  Reactions.— (1 )  Xanthoproteic  Reaction.— Heated  with  strong  nitric  acid  they  give  a 
yellow,  tlie  addition  of  ammonia  gives  a  deep  orange  colour. 

(2)  With  Millon's  reagent  they  give  a  precipitate,  and  when  heated  with  this  reagent  above 
60°'c.  they  give  a  red  one,  probably  owing  to  the  formation  of  tyrosin.    [If  the  proteids  are 
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present  in  large  amount,  a  red  precipitate  occurs,  but  if  mere  traces  are  present  only  the  fluid 
becomes  red.  ] 

(3)  The  addition  of  a  few  drops  of  a  dilute  solution  of  cupric  sulphate,  and  the  subsequent 
addition  of  caustic  potash  or  soda,  give  a  violet  colour,  which  deepens  on  boiling  ;  [the  same 
colour  is  obtained  by  adding  a  few  dro)is  of  Fehliug's  solution  (biuret-reaction)]. 

(4)  They  are  jirecipitated  after  strong  acidulation  by  acetic  acid  and  by  potassium  ferrocyanide. 

(5)  "When  boiled  with  concentrated  hydrochloric  acid,  they  give  a  violet-red  colour  (Lieber- 
xnann's  reaction). 

(6)  Sulpluuie  acid  containing  molybdic  acid  gives  a  blue  colour  {Frohde). 

(7)  Their  solution  in  acetic  acid  is  coloured  violet  with  concentrated  sulidiuric  acid,  and  shows 
the  absorption-band  of  hydrobilirubin  {Adamkiciuicz). 

(8)  Iodine  is  a  good  microscopic  reagent,  which  strikes  a  brownish-yellow,  while  sulphuric 
acid  and  cane-sugar  give  a  purplish-violet  {E.  Schnltzc). 

[(9)  When  rendered  strongly  acid  with  acetic  acid  and  boiled  with  an  equal  volume  of  a  con- 
centrated solution  of  sodic  sulphate,  they  are  precipitated.  This  method  is  used  for  removing 
proteids  from  other  liquids,  as  it  does  not  interfere  with  the  presence  of  other  substances. 
Saturation  with  sodio-maguesic  sulphate  precipitates  the  proteids,  but  not  peptones,  and  the 
same  is  the  case  with  saturation  with  neutral  ammonia  sulphate  (§  249).] 

[(10)  The  precipitation  of  albumin  by  acids  is  more  delicate  when  the  acid  is  dissolved  in 
alcohol  containing  10  per  cent,  of  ether  ;  the  precipitate  is  not  dissolved  by  an  excess  of  the 
reagent.] 

[(11)  Most  of  them  are  precipitated  by  strong  mineral  acids,  and  metaphosphoric  acid,  tannic 
acid  (in  an  acid  solution),  phospho-wolframic  and  phospho-molybdic  acids  (in  acid  solution); 
potassio-mercuric  iodide  (in  acid  solutions);  many  metallic  salts,  e.g.,  of  Cu,  Pb,  Ag,  Hg;  chloral, 
phenol,  trichloracetic  acid,  picric  acid,  alcohol.  Taurocholic  acid  precipitates  albumin  and  syn- 
tonin,  but  not  peptone  or  hemi-albumose  (§  275).] 

249.  THE  ANIMAL  PROTEIDS  AND  THEIR  CHARACTERS. —Class  I.— Native  Albumins 
occur  in  a  natural  condition  in  animal  solids  and  fluids.  They  are  soluble  in  water,  and  are 
not  precipitated  by  alkaline  carbonates,  NaCl,  or  by  very  dilute  acids.  Their  solutions  are 
coagulated  by  heating  at  65"  to  73°  C.  Dried  at  40°  C. ,  they  yield  a  clear,  yellow,  amber-coloured, 
friable  mass,  "soluble  albumin,"  which  is  soluble  in  water. 

(1)  Serum-albumin  (§  32  and  §  41).— [Its  specific  rotatory  power  is- 56°.]  Almost  all  its 
salts  may  be  removed  from  it  bj-  dialysis,  when  it  is  no  longer  coagulated  bj'  heat.  It  is 
coagulated  by  strong  alcohol ;  and  not  very  readily  precipitated  by  hydrochloric  acid,  while  the 
precipitate  so  formed  is  easily  dissolved  on  adding  more  acid.  When  precipitated,  it  is  readily 
soluble  in  strong  nitric  acid.  It  is  not  coagulated  when  shaken  up  with  ether.  The  addition 
of  water  to  the  hydrochloric  solution  precipitates  acid-albumin.  For  its  pre.sence  in  urine, 
§  264. 

(2)  Egg-albumin. — When  injected  into  the  blood-vessels  or  under  the  skin,  or  even  when 
introduced  in  large  quantity  into  the  intestine,  part  of  it  appears  unchanged  in  the  urine  (§  192, 
4,  and  §  264).  When  shaken  with  ether  it  is  precipitated.  These  two  reactions  serve  to  dis- 
tinguish it  from  (1).  The  specific  rotation  is-35"5°,  i.e.,  for  yellow  light.  Amount  of  S,  1-6 
per  cent. 

(Metalbumin  and  Paralbiimin  have  been  found  by  Scherer  in  ropy  solutions  in  ovarian  cysts  ; 
they  are  only  partially  precipitated  by  heat.  The  precipitate  thrown  down  by  the  action  of 
strong  alcohol  is  soluble  in  water.) 

Class  II. — Globulins  are  native  proteids,  insoluble  in  distilled  water,  but  soluble  in  dilute 
neutral  saline  solutions,  i.e.,  neutral  solutions  of  the  alkalies  and  alkaline  earths,  e.g.,  NaCl, 
KCl,  NH4CI,  ]\IgS04,  (V)ut  not  NaXO.j,  Na.HPOJ,  sodium  chloride  of  1  per  cent",  and  in 
magnesium  sulphate.  These  solutions  are  coagulated  by  heat,  and  are  precipitated  l)y  the 
addition  of  a  large  quantity  of  water.  Most  of  them  are.  2Jrecipitated  from  their  sodium  chloride 
solution  by  the  addition  of  crystals  of  sodium  chloride,  and  also  by  saturating  their  neutral 
solution  at  30°  vnth  crystals  of  magnesium  sulphate.  When  acted  upon  by  dilute  acids  they 
yield  acid-albumin,  and  by  dilute  alkalies,  alkali-albumin. 

(1)  GlobiUin  (Crystallin)  is  obtained  by  passing  a  stream  of  CO^  through  a  watery  extract  of 
the  crystalline  lens. 

(2)  Vitellin  is  the  chief  proteid  in  the  yolk  of  egg.  It  is  also  said  to  occur  in  the  chyle  (?) 
and  in  the  amniotic  fluid  ( IVeyl).  Both  the  foregoing  are  not  precipitated  from  their  neutral 
solutions  by  saturation  with  sodium  chloride. 

(3)  Para-globulin  or  Serum-globulin  (§  29),  and  in  urine  (§  264). 

(4)  Fibrinogen  (§  29).— In  tlie  clear  jelly-like  secretion  of  the  vesiculte  seminales  of  the 
guinea-pig,  there  is  a  globulin-like  body  closely  resembling  fibrinogen.    It  contains  29  per  cent 
of  albumin,  with  scarcely  any  ash.    If  it  be  touched  with  a  trace  of  blood-serum,  without 
mixing  them,  it  gradually  and  completely  forms  a  solid  mass  quite  like  fibrin. 

(5)  Myosin  is  the  chief  proteid  in  dead  muscle.  Its  coagulation  in  muscle  posf-mortcm  con- 
stitutes rigor  mortis.    If  muscle  be  repeatedly  washed,  and  afterwards  treated  with  a  10  per 
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cent,  solution  of  sodium  or  ammonium  cliloiitle,  it  yields  a  viscid  fluid  which,  when  dropped 
into  a  large  quajitity  of  distilled  water,  gives  a  white  ilocculent  precipitate  of  myosin.  It 
IS  also  precipitated  from  its  NaCl  solution  by  crystals  of  NaCl.  For  Kiihne's  and  other  methods 
see  §  293. 

(6)  Globin  {Projcr),  the  proteid  residue  of  ha;moglobin  (§  18). 

Class  III.— Derived  Albumins  (Albuminates).— (1)  Acid-albumin  or  Syntonin.  —  When  pro- 
teidsare  dissolved  in  the  stronger  acids,  I'.q.,  hvdrochloric,  they  become  changed  into  acid- 
albumins.  They  are  precipitated  from  solution  by  tlie  addition  of  many  salts,  sodic  chloride, 
acetate  or  jihosphate,  or  by  neutralisation  with  an 'alkali,  e.g.,  sodic  carbonate,  but  they  are  not 
precipitated  by  lieat.  The  concentrated  solution  gelatinises  in  the  cold,  and  is  redissolved  by 
heat.  Syntonin,  which  is  obtained  by  the  prolonged  action  of  dilute  hydrochloric  acid  (2  per 
1000)  upon  minced  muscle,  is  also  an  acid-albumin.  It  is  formed  also 'in  the  stomach  during 
digestion  (§  166,  I.).  According  to  Soyka,  the  alkali-  and  acid-albumins  diti'er  from  each  other 
only  in  so  far  as  the  proteid  in  the  one  case  is  united  Avith  the  base  (metal)  and  in  the  other 
with  the  acid. 

(2)  Alkali-albumin.— If  egg-  or  serum-albumin  be  acted  upon  for  some  time  by  dilute 
alkalies,  a  solution  of  alkali-albumin  is  obtained.  Strong  caustic  potash  acts  upon  white  of 
egg,  and  yields  a  thick  jelly,  Lieberkiihn's  jelly.  The  solution  is  not  precipitated  by  heat,  but 
It  IS  precipitated  by  the  addition  of  an  acid.  [Although  alkali-albumin  is  precipitated 
on  neutralisation,  this  is  not  the  case  in  the  presence  of  alkaline  phosphates,  e.g.,  sodic 
phosphate.] 

(3)  Casein  is  the  chief  proteid  in  milk  (§  231).  It  is  precipitated  by  acids  and  by  rennet  at 
40°  C.  In  its  characters  it  is  closely  related  to  alkali-albuminate,  but  it  contains  more  N.  It 
contains  a  large  amount  of  phosphorus  (0-83  ]m-  cent.).  It  may  be  precipitated  from  milk  by 
diluting  it  with  several  times  its  volume  of  water  and  adding  dilute  acetic  acid,  or  by  adding 
magnesium  sulphate  crystals  to  milk  and  shaking  vigorously.  Owing  to  the  large  amount  of 
phosphorus  which  it  contains,  it  is  sometimes  referred  to  the  nucleo-albumiiis.  When  it  is 
digested  with  dilute  HCl  (O'l  per  cent.)  and  pepsin  at  the  temperature  of  the  body,  it  gradually 
yields  nuclein. 

Class  IV.— Fibrin.- (§  27)  and  for  the  fibrin-factors  (§  29). 

Class  V. — Peptones. — For  peptones  and  propeptone  or  the  albumoses  (§  166,  I.)  ;  in  urine 
(§  264). 

Class  VL — Lardacein  and  Other  Bodies. — There  fall  to  be  mentioned  the  "yelk-plates," 
which  occur  in  the  yelk  : — Ichthin  (cartilaginous  fishes,  frog)  ;  Ichthidin  (osseous  fishes)  ; 
Ichthulin  (salmon)  ;  Emydin  (tortoise)  ;  also  the  indigestible  amyloid  substance  or  lardacein, 
which  occurs  chiefly  as  a  pathological  infiltration  into  various  organs,  as  the  liver,  spleen, 
kidneys,  and  blood-vessels.  It  gives  a  blue  with  iodine  and  sulphuric  acid  (like  cellulose),  and 
a  mahogany-brown  with  iodine.  It  is  difficult  to  change  it  into  an  albuminate  by  the  action  of 
acids  and  alkalies. 

Class  VII. — Coag^ilated  Proteids. — When  any  native  albumins  or  globulins  are  coagulated, 
e.g.,  at  70°  C,  they  yield  bodies  with  altered  characters,  insoluble  iu  water  and  saline  solutions, 
but  soluble  in  boiling  strong  acids  and  alkalies,  when  they  are  apt  to  split  up.  They  are  dis- 
solved during  gastric  and  pancreatic  digestion  to  produce  peptones. 

Appendix :  Vegetable  Proteid  Bodies. — Plants,  like  animals,  contain  proteid  bodies, 
although  in  less  amount.  They  occur  either  in  solution  in  the  juices  of  living  plants  or  in  the 
solid  form.    In  composition  and  reaction  they  resemble  animal  proteids. 

[The  characters  of  vegetable  proteids  have  a  great  resemblance  to  animal  proteids.  They 
have  frequently  been  obtained  in  a  crystalline  form,  e.g.,  from  the  seeds  of  the  gourd  and  various 
oleaginous  seeds.  They  occur,  in  greatest  bulk  in  the  seeds  of  plants,  aleurone  grains  being  for 
the  most  part  composed  of  them.  In  seeds,  globulins  and  "vegetable  peptone"  form  the 
greater  ])ro])ortion  of  the  proteid  constituents.] 

[Globulins. — These  varieties  have  been  described  as  occurring  in  the  seeds  of  plants: — 
vegetable  myosin,  viteUin,  and  paraglobulin  (Martin).  They  have  practically  the  same  pro- 
perties as  those  found  in  the  animal  kingdom  :  vegetable  vitellin  has,  however,  not  been  suffi- 
•ciently  studied.  Paraglobulin  has  been  found  in  papaw  juice  (MaHiii).  Myosin  occurs  in  the 
seed  of  leguminosic,  in  flour,  and  in  the  potato.] 

[Albumin. — The  existence  of  a  body  corresponding  to  egg-  or  serum-albumin  in  the  vege- 
table kingdom  is  doubtful  {Ritthauscn).  Such  a  body  has  been  described  in  papaw  juice 
{Martin).] 

[Vegetable  Peptone  :  Albumoses. — A  true  peptone  has  not  yet  been  recognised  in  plants  : 
what  has  been  described  as  such  is  hemi-all)uniose  ( Vines).  Albumoses  have  been  found  in  tlie 
seeds  of  leguminosa?,  in  flour,  and  in  ])apaw  juice.  In  the  last,  two  forms  occur,  called  respec- 
tively a-  and  ;8-  phjrtalbumose.  The  former,  a-phytall)umose,  agrees  with  the  liemi-albumose 
described  by  Vines,  being  soluble  in  cold  and  boiling  water  ;  giving  also  a  biuret-reaction,  and 
a  precipitate  by  saturation  with  sodium  chloride  only  in  an  acid  solution.  The  latter,  /3-phytal- 
bumose,  is  soluble  in  cold,  but  not  in  boiling,  distilled  water  ;  hence  it  is  precipitated  by  heat. 
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It  is  also  readily  thrown  down  by  saturation  with  sodium  chloride,  and  gives  a  faint  biuret- 

reaction  {Mar/in).]  _    i-  i  i       i  ii  • 

[Vegetable  Casein  is  said  to  occur  in  the  seeds  of  legiiininosiv  ;  and  it  is  slightly  soluble  in 
water,  but  readily  so  in  weak  alkalies  and  in  solutions  of  basic  calcic  phosphate.  A  solution  ot 
this  body  is  precipitated  by  acids  and  rennet.  Two  varieties  have  been  described, — (a)  legumin, 
in  peas,  beans,  lentils  ;  acid  in  reaction,  soluble  in  weak  alkalies  and  very  dilute  HCl  or  acetic 
aiid  ;  (5)  conglutin,  a  very  similar  bod}'  occurring  in  hops  and  almonds.  The  existence  of 
vegetalile  casein  is  denied.  Vines  states  that  both  legumin  and  conglutin  are  artificial  products, 
being  formed  from  the  globulins  present  by  the  dilute  alkali  used  in  extraction  of  the  proteids. 
This  is  denied  by  Ritthaiisen.] 

[Gluten  and  Glutin. — Gluten  is  readily  prepared  from  flour  by  washing  and  kneading  it  in  a 
muslin  bag  under  a  stream  of  water.  So  prepared  it  is  yellowish-brown  in  colour,  very  .sticky, 
and  capable  of  being  drawn  out  into  long  shreds.  It  is  insoluble  in  water,  soluble  (but  not 
completely)  by  prolonged  action  in  dilute  acids  and  alkalies  ('2  per  cent.  KHO  and  HCl).  The 
prolonged' actiou  of  alcohol  (80  to  85  per  cent.)  dissolves  part  of  the  substance  of  gluten,  leaving 
a  residue,  called  by  Liebig  plant-fibriu  and  by  Ritthausen  gluten-casein.  The  alcohol  contains 
gliadin  (glutin),  gluten-fibrin,  and  mucedin.  Gluten-casein  is  readily  soluble  in  dilute  alkalies, 
almost  insoluble  in  dilute  acetic  acid,  and  (juite  insoluble  in  cold  and  boiling  water  ;  the  pro- 
ducts of  its  decomposition,  by  heating  with  H.,SO.,,  are  leuein,  tyrosin,  glutamic,  and  aspara- 
ginic acids.  The  three  bodies  dissolved  from  glutin  by  alcoliol  differ  chiefly  in  their  solubility 
in  alcohol  and  water.  Gluten-fibrin,  the  least  soluble,  is  coagulated  by  the  action  of  absolute 
alcohol ;  it  is  readilj'  soluble  in  dilute  acids  and  alkalies,  being  precipitated  by  neutralisation. 
Gliadin  (glutin,  plant-gelatin)  may  be  prepared  by  boiling  gluten  with  water  :  it  deposits  on 
cooling  the  solution.  Though  soluble  iu  water  at  100°  C.  at  first,  it  becomes  insoluble  by  the 
prolonged  action  of  water  at  that  temperature.  It  is,  like  gluten -fibrin,  soluble  in  dilute  acids 
and  alkalies.  Mucedin  differs  from  gliadin  in  being  less  soluble  in  strong  alcohol.  The  water 
used  in  washing  the  flour  in  the  preparation  of  gluten  contains  hemi-albumose  ( Vines)  and  a 
globulin  (  Wcyl).  Rye-flour,  as  well  as  wheaten,  yields  gluten  under  similar  treatment  with  water.  ] 
[Nitrogenous  Crystalline  Principles. — Leucin,  tyrosin,  asparagin,  and  glutamic  acid  have 
been  found  in  the  seeds  of  plants.] 

250.  (2)  THE  ALBUMINOIDS.  — These  substances  closely  resemble  true  proteids  in  their 
composition  and  origin,  and  are  amorphous  nou-crystalline  colloids  ;  some  of  them  do  not  con- 
tain S,  but  the  most  of  them  have  not  been  prepared  free  from  ash.  Their  reactions  and  de- 
composition-products closely  resemble  those  of  the  proteids  ;  some  of  them  produce,  in  addition 
to  leucin  and  tyrosin,  glycin  and  alanin  (amido-propionic  acid).  They  occur  as  organised  con- 
stituents of  the  tissues  and  also  in  fluid  form.  It  is  unknown  whether  they  are  formed  by 
oxidation  from  proteid  bodies  or  by  synthesis. 

1.  Mucin  is  the  characteristic  substance  present  in  mucus.  That  obtained  from  the  sub- 
maxillary gland  contains— C  52-31,  H  7-22,  N  ir84,  0  28-63.  According  to  Hammarsten  it 
contains  S  1-79  and  N  13-5  per  cent.  It  dissolves  in  water,  making  it  sticivy  or  slimy,  and  can 
be  filtered.  It  is  precipitated  by  acetic  acid  and  alcohol  ;  and  the  alcohol  'preciiutatels  again 
soluble  in  water.  It  is  not  precipitated  by  acetic  acid  and  ferrocyanide  of  potassium,  but  HNO3 
and  other  mineral  acids  precipitate  it.  It  occurs  in  saliva  (§  146),  in  bile,  in  mucous  glands, 
secretions  of  mucous  membranes,  in  mucous  tissue,  in  synovia,  and  in  tendons.  Pathologically 
it  occurs  not  unfrecjuently  in  cysts  ;  in  the  animal  kingdom,  especially  in  snails  and  in  the 
skin  of  holothurians.  It  yields  leucin  and  7  per  cent,  of  tyrosin  when  it  is  decomposed  by 
prolonged  boiling  with  sulphuric  acid.  [The  precipitate  called  mucin  has  not  always  the 
same  characters,  and,  in  fact,  it  difl'ers  according  to  the  animal  from  which  it  is  obtained 
{Lundivehr).'\ 

2.  Nuclein  {Miescher,  §  198)— (C  29,  H  49,  N  9,  P  3,  0  22)— contains  pho!5phoric  acid,  and 
is  slightly  soluble  in  water,  easily  in  ammonia,  alkaline  carbonates,  strong  HNO.,  ;  it  gives  the 
biuret-reaction  ;  no  reaction  with  ]\lillon's  reagent  ;  when  decomposed  it  yields  phosphorus. 
It  occurs  in  the  nuclei  of  pus  and  blood-corpuscles  (§  22),  in  spermatozoids,  yelk-spheres,  liver, 
brain,  and  milk,  yeast,  fungi,  and  many  seeds.  It  has  resemblances  to  mucin,  and  is  perhaps 
an  intermediate  product  between  albumin  and  lecithin  {Hopiie-Scyler).  It  is  prepared  by  the 
artificial  digestion  of  pus,  when  it  remains  as  an  indigestible  residue  ;  acids  precipitate  it'from 
an  alkaline  solution.  It  gives  a  feeble  xantho-proteic  reaction  ;  after  the  prolonged  action  of 
alkalies  and  acid,  substances  similar  to  albumin  and  syntonin  are  formed.  Hypoxanthin  and 
guanin  have  been  obtained  as  decomposition-products  from  it  {Kosscl). 

3.  Keratin  occcurs  in  all  horny  and  epidermic  tissues  (epidermic  scales,  hairs,  nails,  feathers^ 
-C  50-3-52-5,  H  6-4-7,  N  16-2-17,  0  20-8-25,  S  0-7-5  per  cent. -is  soluble  in  boiling  caustic 
alkalies,  but  swells  up  m  cold  concentrated  acetic  acid.  When  decomposed  by  H0SO4  it  yields 
10  per  cent,  leucin  and  3-6  per  cent,  tyrosin.    Neuro-keratin  (§  321). 

4.  Fibroin  is  soluble  in  strong  alkalies  and  mineral  acids,  in  ammonio-sulphate  of  copper  • 
when  boiled  with  H.,S04  it  yields  5  per  cent,  tyrosin,  leucin,  and  glycin.  It  is  the  chief  cow- 
stituent  of  the  cocoons  of  insects  and  threads  of  spiders. 
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5.  Spongin,  allied  to  fibroin,  occurs  in  the  bath-sponge,  and  yields,  as  decomposition  pro- 
ducts, leucin  and  glycin  {Staddcr).  " 

6.  Elastin,  the  fundamental  substance  in  elastic  tissue,  is  solul)le  only  when  boiled  in  con- 
centrated caustic  potash— C  55-55-6,  H  7 -1-7 7,  N  16-1-17 7,  0  19-2-21-1  per  cent.  It  yields 
36  to  45  ])ei-  cent,  of  leucin  and  ^  per  cent,  of  tyrosin. 

7.  Gelatin  (Glutin),  obtained  from  connective -tissues  by  prolonged  boiling  with  water  ;  it 
gelatinises  in  the  cold— C  52-2-50-7,  H  6-6-7-2,  N  17-9-18-8,  S  +  0  23-5-25  (S  0*7  per  cent.). 
[The  ordinary  connective-tissues  are  supposed  to  contain  the  hypothetical  anhydride  collagen, 
while  the  oiganic  basis  of  bone  is  called  ossein.]  It  rotates  the  ray  of  polarised  light  strongly 
to  the  left=-130°.  By  prolonged  boiling  and  digestion,  it  is  converted  into  a  peptone-like 
body  (gelatin-peptone),  which  does  not  gelatinise  (§  161,  I.).  [It  swells  up,  but  does  not  dis- 
solve in  cold  water  ;  when  dissolved  in  warm  water,  and  tinged  with  Berlin  blue  or  carmine,  it 
lornis  the  usual  coloured  mass  which  is  employed  by  histologists  for  making  tine  transparent 
injections  of  blood-vessels.]  A  body  resembling  gelatin  is  found  in  Icukajinic  blood  and  in 
the  juice  of  the  spleen  (§  103,  I.).  When  decomposed  with  sulphuric  acid  it  yields  glycin, 
ammonia,  leucin.  but  no  ti/rosiii.  [It  is  precipitated  from  its  solution  by  alcohol,  mercuric 
chloride,  metaphosphoric  acid,  phospho-wolframic  acid,  taurocholic  acid,  tannic  acid,  but  the 
precipitate  with  the  last  does  not  occur  when  salts  are  ab.sent.  It  is  readily  soluble  in  dilute 
acid.s,  even  in  acetic  acid.  "When  boiled  witli  Millon's  reagent,  it  is  not  coloured  red.  With 
cupric  sulphate  ami  caustic  soda  it  gives  a  violet  colour  which,  on  boiling,  becomes  light  red. 
It  gives  no  colour  with  concentrated  HjSO^  and  acetic  acid.] 

8.  Chondrin  occurs  in  the  matrix  of  hyaline  cartilage  and  between  the  fibres  in  fibro-cartilage. 
It  is  obtained  from  hyaline  cartilage  and  the  cornea  by  boiling.  [Its  solutions  gelatinise  on 
cooling.]  It  occurs  also  in  the  mantle  of  molluscs— C  49-5-50-9,  H  6-6-7-1,  N  14-4-14-9,  S  +  0 
27 "2-29  (S  0-4  per  cent.).  When  boiled  with  sulphuric  acid  it  yields  leucin  ;  with  hydrochloric 
acul,  and  when  digested,  chondro-glucose  {.Vcissncr)  ;  it  belongs  to  the  glucosides,  which  con- 
tain N.  When  acted  upon  by  oxidising  reagents  it  is  converted  into  gelatin  (Zlravic).  The 
substance  which  yields  chondrin  is  called  chondrogen,  which  is  perhaps  an  anhydride  of  chon- 
drin. The  following  properties  of  gelatin  and  chondrin  are  to  be  noted  : — Gelatin  is  precipi- 
tated by  tannic  acid,  mercuric  chloride,  chlorine  water,  platinic  chloride,  and  alcohol,  but  not 
by  acids,  alum,  or  salts  of  silver,  iron,  copper,  or  lead  ;  its  si)ecific  rotation  is  =  -  130°.  [Com- 
]>are  these  precii)itants  with  those  of  albumin.]  Chondrin  is  precipitated  by  acetic  acid  and 
dilute  sulphuric  and  hydrochloric  acids,  by  alum,  and  by  salts  of  silver,  iron,  and  lead ;  its 
specific  rotation  =  -213°. 

9.  The  hydrolytic  ferments  have  recently  been  called  enzymes  by  W.  Kiihne,  in  order  to 
distinguish  them  from  organised  ferments,  such  as  yeast.  The  enzymes,  hydrolytic  or  organic 
ferments,  act  only  in  the  jiresence  of  water.  They  act  upon  certain  bodies,  cau.sing  them  to 
take  up  a  molecule  of  water.  They  all  decompose  hydric  peroxide  into  water  and  0.  They  are 
most  active  between  30°  to  35°  C,  and  are  destroyed  by  boiling,  but  when  dry  they  may  be 
subjected  to  a  temperature  of  100°  without  being,  destroyed.  Their  solutions,  if  kept  for  a  long 
time,  gradually  lose  their  properties  and  undergo  more  or  less  decomposition. 

(a)  Sugar-forming  or  diastatic-ferment  occurs  in  saliva  (§  143),  pancreatic  juice  (§  170). 
intestinal  juice  183),  bile  180),  blood  (§  22),  chyle  (§  189),  liver  (§  174),  in  human  milk 
(§  231).  Invertin  in  intestinal  juice  (§  183).  Almost  all  dead  tissues,  organic  fluids,  and  even 
j)roteids,  although  only  to  a  slight  degree,  may  act  diastatically.  Diastatic  ferments  are  very 
generally  distributed  in  the  vegetable  liiiffdom. 

(b)  Proteolytic,  or  ferments  which  act  upon  proteids. — Pepsin  in  gastric  juice  and  in  muscles 
(§  166),  in  vetches,  myxomycetes  {Kriikenbcrg),  trypsin  in  the  pancreatic  juice  (§  170),  a  .similar 
ferment  in  the  intestinal  juice  (§  183),  and  urine  (g  264). 

(c)  Fat-decomposing  in  pancreatic  juice  (§  170),  in  the  stomach  (§  166). 

{d)  Milk-coagulating  in  the  stomach  (§  166),  pancreatic  juice  (§  170),  and  perhaps  also  in  the 
intestinal  juice  (0 — {JV.  Jioberts). 

[The  importance  of  fermentative  processes  has  already  been  referred  to  in  detail  under 
"  Digestion."  Ferments  arc  bodies  which  excite  chemical  changes  in  other  matter  with  which 
they  are  brought  into  contact.    They  are  divided  into  two  classes  :  — 

(1)  Unorganised  ;  soluble  or  non-living. 

(2)  Organised,  or  living.] 

[(1)  The  Unorganised  Ferments  arc  those  mentioned  in  the  following  table.  They  seem  to  be 
nitrogenous  bodies,  although  their  exact  composition  is  unknown,  and  it  is  doubtful  if  they 
have  ever  been  obtained  perfectly  pure.  They  are  present  in  many  secretions,  and  are  jirodnced 
within  the  body  by  the  vital  activity  of  the  protoplasm  of  cells.  They  are  termed  soluble 
because  they  are  soluble  in  water,  glycerin,  and  some  other  sub.stances  (§  148),  while  they  can 
be  precipitated  by  alcohol  and  some  other  reagents.  They  do  not  multiply  during  their 
activity,  nor  is  their  activity  prevented  by  a  certain  proportion  of  salicylic  acid.  They  arc 
not  affected  by  oxygen  subjected  to  the  compression  of  many  atmospheres  {P.  Bert).  They  arc 
non-living.    Their  other  properties  are  referred  to  above.] 
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[The  unorganised  ferments  present  in  the  body,  and  their  actions  (  JV.  Roberts) : — 


Fluid  or  Tissues. 

Fennent. 

Actions. 

Saliva,  . 

1.  Ftyalin  (§  148), 

Converts  starch  chiefly  into  maltose. 

r 
1 

Gastric  juice,  -j 

1 
1 

1.  Pepsin,  , 

2.  Milk -curdling, 

3.  Lactic  acid  ferment, 

4.  Fat-splitting,  . 

Converts  proteids  into  peptones  in  an  acid 
medium,  certain  bye-products  being 
formed  (§  166). 

Curdles  casein  of  milk. 

Splits  up  milk-sugar  into  lactic  acid. 

Splits  up  fats  into  glycerin  and  fatty  acids. 

r 

Pancreatic 
juice, 

1.  Diastatic  or  amylopsin,  . 

2.  Trypsin, 

3.  Emulsive  (?),  . 

4.  Fat-splitting  or  steapsin, 

5.  Milk-curdling, 

( 

Converts  starch  chiefly  into  maltose. 
Changes   proteids   into   peptones  in  an 

alkaline  medium,  certain  bye-products 

being  formed  (§  170). 
Emulsifies  fats. 

Splits  fats  into  glycerin  and  fatty  acids. 
Curdles  casein  of  milk. 

r 

Intestinal  | 
juice,  "1 

L 

1.  Diastatic, 

2.  Proteolytic,  . 

3.  luvertin, 

4.  Milk-curdling, 

Does  not  form  maltose,  but  maltose  is 

changed  into  glucose  (§  183). 
Fibrin  into  peptone  (?). 
Changes  cane-  into  grape-sugar. 
(?  in  small  intestine). 

Blood,  . 
Chyle,  . 
Liver  (?), 
Milk,  . 
Most  tissues,  . 

h 

! 

1. 

-  Diastatic  ferments. 

...                                                        •  •  I 

Muscle,  . 
Urine, 

1  Pepsin  and  other  ferments. 

Blood,  . 

Fibrin-forming  ferment. 

[(2)  The  Organised  or  living  ferments  are  represented  by  yeast  (§  235).  Other  living 
ferments  belonging  to  the  schizomycetes,  occurring  in  the  intestinal  canal,  are  referred  to  in 
§  184,  Yeast  causes  fermentation  by  splitting  up  sugar  into  CO^  and  alcohol  (§  156),  but  this 
result  onlj'  occurs  so  long  as  the  yeast  is  living.  Hence,  its  activity  is  coupled  with  the 
vitality  of  the  cells  of  the  yeast.  If  yeast  be  boiled,  or  if  it  be  mixed  with  carbolic  or  salicylic 
acid,  or  chloroform,  all  of  which  destroy  its  activity,  it  cannot  produce  the  alcoholic  fermenta- 
tion. As  yet  no  one  has  succeeded  in  extracting  from  yeast  a  substance  which  will  excite  the 
alcoholic  fermentation.  All  the  organised  ferments  grow  and  multiply  during  their  activity  at 
the  expense  of  the  substances  in  which  they  occur.  Thus  the  alcoholic  fermentation  depends 
upon  the  "  life  "  of  the  yeast.  They  are  said  to  be  killed  by  oxygen  subjected  to  the  compres- 
sion of  many  atmospheres  {P.  Bert).  But  it  is  important  to  note  that  Hoppe-Seyler  has 
extracted  from  dead  yeast  (killed  by  ether)  an  unorganised  ferment  which  can  change  cane- 
sugar  into  grape-sugar.] 

10.  Hsemoglobin,  the  colouring  matter  of  blood,  which,  in  addition  to  C,  H,  0,  N,  and  S, 
contains  iron,  may  be  taken  with  the  albuminoids  (§  11).    [Hsemocyanin  (§  32).] 

(3)  Glucosides  containing  Nitrogen. 

In  addition  to  chondrin,  the  following  glucosides  containing  nitrogen,  when  subjected  to 
hydrolytic  processes,  may  combine  with  water,  and  form  sugar  and  other  substances: — 

Cerebrin  (§  322)  =  C.„HiioN20.ir,  {Gcoghcgan).  [Parens  has  shown  that  cerebrin  as  originally 
prepared  by  W.  Miiller  is  a  mixture  of  three  bodies,  viz.,  cerebrin,  homocerebrin,  anil 
encephalin.  ] 

Protagon-C  66-29,  H  10-69,  N  2-39,  P  1-058,  per  cent.— occurs  in  nerves,  and  contains 
phosphorus  (§  322). 

Chitin,  2(C].Hj,„]Sr..0i„),  is  a  glucoside  containing  nitrogen,  and  occurs  in  the  cutaneous 
coverings  of  arthropoda,  and  also  in  their  intestine  and  tracheie  ;  it  is  soluble  in  concentrated 
acids,  e.g.,  hydrochloric  or  nitric  acid,  but  insoluble  in  other  reagents.  According  to  Sandwick, 
chitin  is  an  amin-derivative  of  a  carbohydrate  with  the  general  formula  nCCi.^HgoOn,).  The 
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hyalin  of  worms  is  closely  related  to  chitin. 
glueosiiles  of  the  vegetable  kingdom. ) 


(Solanin,  amygdalin  (§  ■202),  and  saliein,  &c.,  are 


(4)  Colouring  Mattei-s  containing  Nitrogen. 
Their  constitution  is  unknown,  and  they  occur  oidy  in  animals.  They  are  in  all  probability 
derivatives  of  haemoglobin.  They  are— (1)  hsBmatiu  (§  18,  A),  myohsematin  (§  232,  §  292,  a), 
histo-hsBmatin  (§  103,  IV.),  and  haematoidin  (§  20).  (2)  Bile-pigments  (§  177,  3).  (3)  Urine- 
pigments  (except  Indican).  (4)  Melanin— C^.  .„  H3,  N...^,  04.,.s— or  the  black  pigment,  which 
occurs  partly  in  epithelium  (choroid,  retina,  iris,  anil  in  the  deep  layers  of  epidermis  in 
coloured  races)  and  jiartly  in  connective-tissue  cori)uscles  (Lamina  fusca  of  the  choroid). 
[Tnracin  occurs  in  the  red  feathers  of  Corythaix  Bullbni  or  riantain-Eater.  Its  ash  contains  nearly 
6  per  cent,  of  copper  {Church).    The  reddish  spots  or  parts  of  feathers  burn  with  a  green  flame.'] 

II.  Organic  Acids  free  from  Nitrogen, 

(1)  The  fatty  acids,  with  the  formula  C„H.,n_iO(OH),  occur  in  the  body  partly  free  and 
partly  in  combination.  Free  volatile  fatty  acids  occur  in  decomposing  cutaneous  secretions 
(sweat).  In  combination,  acetic  acid  and  caproic  acid  occur  as  amido-compounds  in  glycin 
(  =  amido-acetic  acid)  and  leucin  (  =  amido-caproic  acid).  More  especially  do  they  occur  united 
with  glycerin  to  form  neutral  fats,  from  which  the  fatty  acid  is  again  set  free  by  pancreatic 
digestion  (§  170,  III.). 

(2)  The  acids  of  the  acrylic  acid  series,  with  the  formula  CnH.j-30(H0),  are  represented 
in  the  body  by  one  acid,  oleic  acid,  which  in  combination  with  glycerin  yields  the  neutral  fat 
olein. 

251.  Fats. — (1)  Neutral  fats  occur  very  abuudantly  in  animals,  but  they  also  occur  in  all 
plants  ;  in  the  latter  more  especially  in  the  seeds  (nuts,  almonds,  cocoa  nut,  poppy),  more 
rarely  in  the  pericarp  (olive)  or  in  the  root.  They  are  obtained  by  pressure,  melting,  or  by 
extracting  them  with  ether  or  boiling  alcohol.  They  [e.ij.,  tristearin,  C^jH^mO^]  contain  much 
less  O  than  the  carbohydrates,  such  as  sugar  and  starch ;  thej^  give  a  greasy  spot  on  paper,  and 
Avhen  shaken  with  colloid  substances,  sucli  as  albumin,  they  yield  an  emulsion.  AVhen  treated 
with  superheated  steam  or  with  certain  fern>ents  (p.  256,  c),  they  take  up  water  and  yield 
glycerin  and  fatty  acids,  and  if  the  latter  be  volatile  they  have  a  rancid  odour.  Treated  with 
caustic  alkalies  they  also  take  u|i  water,  and  are  decomposed  into  glycerin  and  fatty  acids  ; 

The  soap- 
monobasic 


the  fatty  acid  unites  with  the  alkali  and  forms  a  soap,  while  glycerin  is  set  free, 
solution  dissolves  fats. 

Glycerin  is  a  tri-atomic  alcohol,  C.jH5(OH)3,  and  unites  with  (1)  the  following 
fatty  acids  (those  occurring  in  the  body  are  printed  in  italics) :  — 


Acids. 
Formic, 
Acetic, 
Propionic,  . 
Butyric, 
[Isobiityric, 
Valerianic, 
Caproic, 


CH2O., 

CjHsO.^ 

C4H,- 
C5H10  . 


0.,] 

0„ 


9. 
10. 
11. 
12. 
13. 


Aciils. 
(Enanthylic,  . 

Coprylic, 
Pelargonic,  . 
Cap-ic,  . 
Laurostcaric, . 
Myristic, 
Palmitic, 


Cl2H.240^ 
C16H32O2 


Acids. 
[Margaric, 
is  a  mixture 
of  13  and  14.] 

14.  Stearic,  . 

15.  Arachinic, 
10.  Hyiiuic,  . 
17.  Cerotinic, 


^-18^38 

c.;h 


0, 

25H50^^2 
"54O., 


The  acids  form  a  homologous  series  with  the  formula  CnH._,n  -  lO(OH).  With  every  CHo  added 
their  boiling  point  rises  19".  Those  containing  most  carbon  are  solid,  and  non-volatile  ;  those 
containing  less  C  (up  to  and  including  10)  are  fluid  like  oil,  have  a  burning  acid  taste,  and  a 
rancid  odour.  The  earlier  members  of  the  series  may  be  obtained  hy  oxidation  from  the  later, 
by  CH.,  being  removed,  while  CO.,  and  H._;0  are  formed  ;  thus,  butyric  acid  is  obtained  from 
propionic  acid.  Nos.  13  and  14  are  found  in  human  and  animal  fat,  less  abundant  and  more 
inconstant  are"  12,  11,  6,  8,  10,  4.  Some  occur  in  sweat  (§  287)  and  in  niilk  (§  231).  Many  of 
them  are  developed  during  the  decomposition  of  albumin  and  gelatin.  Most  of  the  above 
(except  15  to  17)  occur  in  the  contents  of  the  large  intestine  (§  185). 

(2)  Glycerin  also  unites  with  the  monobasic  oleic  acid,  whicli  also  forms  a  series,  whose 
general  formula  is  CnH.,n-30(0H)  ;  and  they  all  contain  2H  less  than  the  corresponding 
members  of  the  fatty  acid  series.  The  corresponding  fattv  acids  can  be  obtained  from  the  oleic 
acid  series  and  vice  versa.  Oleic  acid  (olein-elainic  acid),  C,8H340,„  is  the  only  one  found  in 
the  organism  ;  united  with  glycerin,  it  forms  the  fluid  fat,  olein.  The  iat  ot  new-born 
children  contains  more  glyceride  of  palmitic  and  stearic  acid  than  that  of  adults,  which  contains 
more  cdyceride  of  oleic  acid.  Oleic  acid  also  occurs  united  with  alkalies  (in  soaps)  and  (like 
some  fatty  acids)  in  the  lecithins  (§  23).  If  lecithin  be  acted  on  with  barium  hydrate,  we 
obtain  insoluble  stearic,  or  oleic,  or  palmitic  acids  and  barium  oleate,  together  with  dissolved 
neurin  (§  322,  h)  and  baric  glycerin  phosphate.  It  appears  as  if  there  were  several  lecitluns,  of 
which  the  most  abundant  are  the  one  with  stearic  acid  and  that  with  palniitin-1- oleic  acid 
radicle  {Diakonow).  Lecithin  occurs  in  the  blood-corpuscles  (§  23),  semen,  and  nerves,  while 
neurin  is  constantly  present  in  fungi. 
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The  neutral  fats  [palmitin,  stearin  (both  solid),  and  olein  (fluid)],  the  glycerides  of  fatty  acids, 
and  ot  ok'if  ac  id,  aiu  triple  ethers  of  triatoniic  alcohol  glycerin.  "With  the  neutral  fats  may 
be  associated  glycerin-phosphoric  acid,  an  acid  glycerin  ether,  formed  by  the  union  of  glycerin 
and  phospliorif  acid,  witli  tlie  giving  ofl"  of  a  molecule  of  water  (C;jH.,P6,;)  ;  it  is  a  decomposi- 
tion-pro(hict  of  lecithin  (§  23).  r^/r.■^-^ 

(3)  The  glycolic  acids  (acids  of  the  lactic  acid  series)  have  the  for 

'I'hey  arc  formed  by  oxidation  from  the  fatty  acid  series  by  substituting  OH  (hydroxyl)  for  one 
atom  of  H  of  the  fatty  acids.  Conversely,  fatty  acids  may  be  obtained  from  the  glycolic  acids. 
Tiie  following  acids  of  this  series  occur  in  the  body: — 

(«.)  Carbonic  Acid  (oxy-formic  acid),  CO(OH)._,  ;  in  this  form,  however,  it  only  makes  salts. 
Free  carbonic  acid  or  carbon  dioxide  is  an  anhydride  of  the  same  =  000. 

{b)  Glycolic  Acid  (oxy-acetic  acid),  CoH.,0(6h)._;,  does  not  occur  free  in  the  body.  One  of  its 
compounds,  glycin  (glycocoU,  aniido-ace'tic  acid,  or  gelatin-sugar),  occurs  as  a  conjugate 
acid,  viz.,  as  glycocholic  acid  in  the  bile  (§  177,  2),  and  as  hippuric  acid  in  the  urine  (§  260). 
Glj'ciii  exists  in  complex  combination  in  the  gelatin. 

(c)  Lactic  Acid  (oxy-propionie  acid),  C3HjO(OH).,,  occurs  in  the  body  in  two  isomeric  forms 
— 1.  The  clhylidcnc-lactic  acid,  which  occurs  in  two  modifications — as  the  right  rotatory 
■•sarcolactic  acid  (paralactic),  a  metabolic  product  of  muscle  ;  and  as  the  oi'dinary  optically  in- 
active product  of  "  lactic  fermentation,"  which  occurs  in  gastric  juice,  in  sour  milk  (sauerkraut, 
acid  cucnmber),  and  can  be  obtained  by  fermentation  from  sugar  (§  184).  2.  The  isomer, 
cthylcne-lactic  acid,  occurs  in  the  watery  extract  of  muscles  (§  293). 

(f/)  Leucic  Acid  (oxy-caproic  acid),  CgHi„03,  does  not  occur  as  such,  but  only  in  the  form  of 
one  of  its  derivatives,  leucin  (amido-caproic  acid),  as  a  product  of  the  metabolism  in  many  tissues, 
and  is  formed  during  pancreatic  digestion  (§  170,  II.).  Leucic  acid  may  be  prepared  from 
leucin,  and  glycolic  acid  from  glycin,  l)y  the  action  of  nitrous  acid. 

(4)  Acids  of  the  Oxalic  Acid  or  Succinic  Acid  Series,  liaving  the  formula  CnHon-402(0H).,, 
are  bi-basic  acids,  which  are  formed  as  comi>letely  oxidised  products  bj'  the  oxidation  of  fatty 
acids  and  glycolic  acid,  water  being  removed.  It  is  important  to  note  their  origin  from  sub- 
stances rich  in  carbon,  e.g.,  fats,  carbohydrates,  and  proteids. 

(a)  Oxalic  Acid,  C20.,(0H)o,  arises  from  the  oxidation  of  glycol,  glycin,  cellulose,  sugar, 
starch,  glycerin,  and  many  vegetable  acids — it  occurs  in  the  mine  as  calcium  oxalate 
(§  260). 

(b)  Succinic  Acid,  C4H40._,(OH)o,  has  been  found  in  small  amount  in  animal  solids  and  fluids  ; 
spleen,  liver,  thymus,  thyroid ;  in  the  fluids  of  echinococcus,  liydrocephalus,  and  hydrocele,  and 
more  abundantly  iu  dog's  urine  after  fatty  and  flesh  food  ;  in  rabbit's  urine  after  feeding  with 
yellow  turnii)S.    It  is  also  formed  in  small  amount  during  alcoholic  fermentation  (§  150). 

(5)  Cholalic  Acid  in  the  bile  (§  177)  and  in  the  intestine  (§  182). 

(6)  Aromatic  Acids  contain  the  radicle  of  benzol.    Benzoic  acid  ( =  phenyl-formic  acid) 

occm's  in  urine  united  with  glycin,  as  hippuric  acid  (g  260). 

III.  Alcohols. 

Alcohols  are  bodies  which  originate  from  carbohydrates,  in  which  the  radical  hydroxyl  (HO) 
is  substituted  for  one  or  more  atoms  of  H.  They  may  be  regarded  as  water,  ^  |  0,  iu  which 
the  half  of  the  H  is  replaced  1)y  a  CH  compound.  Thus,  CoHg  (ethyl-hydrogen)  passes  into 
^"aj^s  j  0  (ethylic  alcohol). 

C  H  ) 

{a)  Cholesterin,        ^  |  0,  is  a  true  monatomic  alcohol,  and  occurs  in  blood,  yelk,  brain, 

bile  (§  177,  4),  and  generally  in  vegetable  cells,  and  it  is  the  only  solid  monatomic  alcohol  in 
the  body. 

roH 

{b)  Glycerin,  \  OH,  is  a  triatomic  alcohol.    It  occurs  in  neutral  fats  united  with 

I  OH 

fatty  acids  and  oleic  acid;  it  is  formed  by  the  splitting- up  of  neutral  fats  during  pancreatic 
digestion  (§  170,  III.),  and  during  the  alcoholic  fermentation  (§  1.50). 

(c)  Phenol  ( =  phenylic  acid,  carbolic  acid,  oxybenzol)  (§  184,  III.). 
{d)  Pyrokatechin  ( =  dioxj'benzol)  (§  252). 

(c)  The  Sugars  are  closely  related  to  the  alcohols,  and  they  may  be  regarded  as  polyatomic 
alcohols.  Their  constitution  is  unknown.  Together  with  a  series  of  closely-related  bodies 
they  form  the  great  group  of  the  carbohydrates,  some  of  which  occur  in  the  animal  body  while 
others  are  widely  distributed  iu  the  vegetable  kingdom.  ' 

252.  THE  CARBOHYDRATES.— Occur  in  plants  and  animals,  and  received  their  name, 
because  in  addition  to  C  (at  least  6  atoms),  they  contain  H  and  0,  in  the  proportion  in  which 
these  occur  in  water.  They  are  all  solid,  chemically  indiHerent,  and  without  odour.  They 
have  either  a  sweet  taste  (sugars),  or  can  be  readily  changed  into  sugars  by  tlie  action  of  dilute 
acids ;  they  rotate  the  ray  of  polarised  light  either  to  the  right  or  left ;  as  far  as  their 
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constitution  is  concerned,  they  may  be  regaidcd  as  fatty  bodies,  as  hexatomic  alcohols,  in 
which  211  are  wanting. 
They  are  divided  into  the  following  gronps  :  

1.  Division.— Glucoses  (C,jHi.Pg).—(l)  Grape-sngar  (glucose,  dextrose,  or  diabetic  sugar) 
occurs  in  iiiiiuite  quantities  in  the  blood,  chyle,  muscle,  liver  (?),  urine,  and  in  large  amount  in 
the  urine  in  diabetes  niellitus  (§  175).  It  is  formed  by  the  action  of  diastatic  ferments  upon 
other  carbohydrates,  during  digestion.  In  the  vegetable  kingdom,  it  is  extensively  distributed 
in  the  sweet  juices  of  many  fruits  and  flowers  (and  thus  it  gets  into  houey).  It  is  formed  from 
cane-sugar,  maltose,  dextrin,  glycogen,  and  starch,  by  boiling  with  dilute  acids.  It  crystallises 
in  warty  masses  with  one  molecule  of  water  of  crystallisation ;  unites  with  bases,  salts,  acids, 
and  alcohols,  but  is  easily  decomposed  by  bases  ;  it  reduces  many  metallic  oxides  (§  149). 
Fresh  solutions  have  a  rotatory  power  of  +106^  By  fermentation  with  yeast  it  splits  up  into 
alcohol  and  COo  (§  150);  with  decomposing  proteid's  it  splits  into  2  molecules  of  lactic  acid 
(§184,  I.);  the  lactic  acid  splits  up  under  the  same  conditions  in  alkaline  solutions,  into 
butyric  acid,  C0„,  and  H.  For  the  qualitative  and  quantitative  estimation  of  glucose,  see  §  149 
and  §  150.  In  alcoholic  solution,  it  forms  very  insoluble  compounds  with  chalk,  barium,  and 
potassium,  and  it  also  forms  a  crystalline  compound  with  common  salt  (Estimation,  §  150). 

(2)  Galactose,  obtained  by  boiling  milk-sugar  (lactcse)  with  dilute  mineral  acids;  it 
crystallises  readily,  is  very  fermentable,  and  gives  all  the  reactions  of  glucose.  AVhen  oxidised 
with  nitric  acid  it  becomes  transformed  into  mucic  acid.    Its  specific  rotatory  power  =  +88-08°. 

(3)  Laevulose  (left-fruit-,  invert-,  or  mucin-sugar)  occurs  as  a  colourless  syrup  in  the  acid 
juices  of  some  fruits  and  in  honey  ;  is  non-crystallisable,  and  insoluble  in  alcohol  ;  specilic 
rotatory  power=  - 106".  It  is  formed  normally  in  the  intestine  (§  183),  and  occurs  rarely  as  a 
pathological  product  in  urine. 

II.  Division. — This  contains  carbohydrates  with  the  formula  CioHooOu,  and  its  members 
may  be  regarded  as  anhydrides  of  the  hrst  division — 1.  Milk-sugar  or  lactose  occurs  only  in 
milk,  crystallises  in  cakes  (with  1  molecule  of  water)  from  the  syrupy  concentrated  whey  ;  it 
rotates  polarised  light  to  the  right  =  +59 '3,  and  is  much  less  soluble  in  water  and  alcohol  than 
grape-sugar.  When  boiled  with  dilute  mineral  acids  it  passes  into  galactose,  and  can  be 
directly  transformed  into  lactic  acid  only  by  fermentation ;  the  galactose,  however,  is  capable  of 
undergoing  the  alcoholic  fermentation  witli  yeast  (Koumiss  preparation,  §  232).  For  its 
quantitative  estimation  (§  231).    Kare  in  urine  (§  267). 

2.  Maltose  (Ci-jHa-iOj,) +  H2O  {0' Sullivan)  has  1  molecule  of  water  less  than  grape-sugar 
(C]oH.,jO|o),  is  formed  during  the  action  of  a  diastatic  ferment,  such  as  saliva  upon  starch 
(§  148)  ;  is  soluble  in  alcohol,  right-rotatory  power  =  +150°;  it  is  crystalline,  while  its  reducing 
l)ower  is  only  two-thirds  that  of  dextrose.  [The  ratio  of  the  reducing  power  of  maltose  to  that 
of  glucose  is  100  to  66.] 

(3.  Saccharose  (cane-sugar)  occurs  in  sugar-cane  and  some  plants,  it  does  not  reduce  a 
solution  of  copper,  is  insoluble  in  alcohol,  is  right -rota tor}',  and  not  capable  of  fermentation. 
"When  boiled  with  dilute  acids,  it  becomes  changed  into  a  mixture  of  easily  fermentable  glucose 
(right-rotatory)  and  laevulose  (invert  sugar,  §  183,  5,  and  §  184,  I.,  6),  which  ferments  with 
difficulty  and  is  left-rotatory  (§  183).  "When  oxidised  with  nitric  acid,  it  passes  into  glucic  acid 
and  oxalic  acid. ) 

(4.  Melitose,  from  Eucalyptus-manna  ;  Meleztose,  from  Larch-manna  ;  Trehalose  (Mycose), 
from  Ei'got  :  are  all  right-rotatory,  and  do  not  reduce  alkaline  cupric  solutions). 

III.  Division. — This  contains  carbohydrates,  Avith  the  formula,  CgHjyOj,  which  may  be 
regarded  as  anhydrides  of  the  second  division. 

1.  Glycogen,  with  a  dextro-rotatory  power  of  211°,  does  not  reduce  cupric  oxide.  It  occurs 
in  the  liver  (§  174),  muscles,  many  embryonic  tissues,  the  embryonic  area  of  the  chick  (Kul-j), 
in  normal  and  pathological  epithelium ;  in  diabetic  persons  it  is  widely  distributed  ;  brain, 
pancreas,  and  cartilage;  and  in  the  spleen,  pancreas,  kidney,  ovum,  brain,  and  blood,  together 
with  a  small  amount  of  glucose  {Favij).  It  also  occurs  in  the  oyster  and  some  of  the  molluscs 
(Bizio),  and  indeed  in  all  tissues  and  classes  of  the  animal  kingdom. 

2.  Dextrin  was  discovered  by  Limpricht  in  the  muscles  of  the  horse.  It  is  right-rotatory  = 
+  138°,  soluble  in  water,  and  forms  a  very  sticky  solution,  from  which  it  is  precipitated  by 
alcohol  or  acetic  acid  ;  it  is  tinged  slightly  red  with  iodine.  It  is  formed  in  roasted  starch, 
(hence  it  occurs  in  large  quantity  in  the  crust  of  bread— see  Bread,  §  234),  by  dilute  acids,  and 
in  the  body  by  the  action  of  ferments  (§  148).  It  is  formed  from  cellulose  by  the  action  of 
dilute  sul]diuric  acid.    It  occurs  in  beer,  and  is  found  in  the  juices  of  most  plants. 

3.  Amyhim  or  Starch  occurs  in  the  "mealy"  parts  of  many  plants,  is  formed  within 
vegetable  cells,  and  consists  of  concentric  layers  with  an  exceutric  nucleus  (tig.  239).  The 
diameter  and  characters  of  starch-grains  vary  greatly  with  the  plant  from  which  they  aie 
derived.  At  72°  C.  it  swells  up  in  water  and  forms  a  mucilage;  in  the  cold,  iodine  colours  it 
blue.  Starch-grains  always  contain  more  or  less  cellulose  and  a  substance,  erythrograntilose, 
which  is  coloured  red  witii  iodine  (§  148)  It  and  fjh/cogcn  are  transformed  into  dextrose  by 
certain  digestive  ferments  in  the  saliva,  pancreatic,  and  intestinal  juices,  and  artificially  by 
boiling  with  dilute  sulphuric  acid. 
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(4.  Gum,  Cj„H.,uOio,  occurs  in  vegetable  juices  (especially  in  acaciie  and  mimosa'),  also  in  tlie 
salivary  glands,  niucous  tissue,  lungs,  and  urine;  is  partly  soluble  in  water  (arabin),  partly 
swells  uiriike  mucin  (bassorin).  Alcohol  precipitates  it.  It  is  fermentable,  and  when  boiled 
with  dilute  acids  yields  a  reducing  sugar.) 

(5.  Inulin,  a  crystalline  powder  occurring  in  the  root  of  chicory,  dandelion,  and  specially  in 
the  bulbs  of  the  dahlia  ;  it  is  not  coloured  blue  by  iodine. ) 

(6.  Lichenin  occurs  in  tlie  intercellular  substance  of  Iceland  moss  (Cetraria  islandica)  and 
algre  ;  is  transformed  into  glucose  by  dilute  sulphuric  acid.) 

(7.  Paramylum  occurs  in  the  form  of  granules  resembling  starch,  in  the  infusorian,  Euglena 
viridis. ) 

(8.  Cellulose  occurs  in  the  cell-walls  of  all  plants  (in  the  exo-skeletou  of  arthropoda,  and 
the  skin  of  snakes)  ;  soluble  only  in  ammonio-cujiric  oxide  ;  rendered  blue  bj'  sulphuric  acid 

a  c  d 


Fig.  239. 

a,  West  Indian  arrow-root  ;  c,  Tahiti  arrow-root ;  d,  Potato  starch. 


and  iodine.  Roiled  with  dilute  sulphuric  acid,  it  yields  dextrin  and  glucose.  Concentrated 
nitric  acid  mixed  with  sulphuric  acid  changes  it  (cotton)  into  nitro-cellulose  (gun-cotton) 
CtjH7(NO.,)30g,  which  dissolves  in  a  mixture  of  ether  and  alcohol  and  forms  collodion. ) 

(9.  Tunicin  is  a  substance  resembling  cellulose,  and  occurs  in  the  integument  of  the  Tunicata 
or  Ascidians.) 

IV.  Division. — This  contains  the  carbohydrates  which  do  not  ferment. 

1.  Inosit  (phaseo-mannit,  muscle-sugar)  occurs  in  muscle  {Schcrcr),  lung,  liver,  spleen, 
kidney,  brain  of  ox,  human  kidney ;  pathologically  in  urine  and  the  fluid  of  echinococcus.  In 
the  vegetable  kingdom,  in  beans  (leguminosaj),  and  the  juice  of  the  grape.  It  is  an  isomer  of 
grape-sugar  ;  optically  it  is  inactive,  crystallises  in  warts  with  2  molecules  of  water,  in  long 
monoclinic  crystals  ;  it  has  a  sweet  taste,  is  insoluble  in  water,  does  not  give  Trommer's  re- 
action, is  capable  of  undergoing  only  the  sarcolactic  acid  fermentation.  (Nearly  allied  are 
Sorbin,  from  sorbic  acid — Scyllit,  from  the  intestines  of  the  hag-fish  and  skate — and  Eiikalyn, 
arising  from  the  fermentation  of  melitose. ) 

IV.  Derivatives  of  Ammonia  and  their  Compounds. 

The  ammonia  derivatives  are  obtained  from  the  proteids,  and  are  decomposition-products  of 
their  metabolism. 

(1)  Amines,  i.e.,  compound  ammonias  which  can  be  obtained  from  ammonia  (NH.,),  or  from 
ammonium-hydroxide  (NH4-  OH),  by  replacing  one  or  all  the  atoms  of  H  by  groups  of  carbo- 
hydrates (alcohol  radicals).  The  amine  derived  from  one  molecule  of  ammonia  is  called  mona- 
mine.    We  are  only  acquainted  with 

H  ^  CY{.A 
H  [-    N       Methylamine  and  Tri-Methylamine  CH..  -  N, 

CHai  CH3J 

as  decomposition-products  of  cholin  (neurin)  and  of  kreatin.  Neurin  occurs  in  lecithin  in  a 
very  comjdex  combination  (see  Lecithin,  p.  381,  and  also  §  23). 

(2)  Amides,  i.e.,  derivatives  of  acids,  which  have  exchanged  the  hydroxyl  (HO)  of  the  acids 
for  NHo.  Urea,  CO(]SrH. _,).,,  the  biainid  of  CO.,,  is  the  chief  end-product  of  the  metabolism  of 
the  nitrogenous  constituents  of  our  bodies  (see  Urine,  §  256).  Carbon  dioxide  containing  water 
=  CO(OH_)o,  where  both  OH  are  replaced  by  NHo— thus  we  get  CO(NHo)„,  urea. 

(3)  Amido-acids,  -i.e.,  nitrogenous  compounds,  which  show  partly  the'  character  of  an  acid 
and  partly  that  of  a  weak  base,  in  which  the  atoms  of  H  of  the  acid-radical  are  replaced  by 
NH.„  or  1)y  the  substituted  ammonia  groups. 

{a)  Glycin  (or  amido-acetic  acid,  glycocoU,  gelatin-sugar,  §  177,  2)  is  formed  by  boiling 
gelatin  witli  dilute  sulphuric  acid.  It  has  a  sweet  taste  (gelatin-sugar),  behaves  as  a  weak  acid, 
but  also  unites  with  acids  as  an  amine-base.  It  occurs  as  glycin  +  benzoic  acid  =  hippuric  aci(i 
in  urine  (§  260) ;  and  also  as  glycin  4- cholalic  acid  =  glycocholic  acid  in  bile  (§  177).    ijj)  Leucin 


HISTORICAL. 


—(§  170)=- aniulo-caproic  acid,  (c)  Serin— (=  ?  amido-lantic  acid)  obtained  from  silk-gelatin. 
{d)  Aspartic  acid— (amido-succinic  acid)  ;  and  (e)  Glutamic  acid,  obtained  by  the  splitting  up 
of  proteids  (§  170).  Other  amido-acids  arc— (/)  Cystin  =  aniido-lactic  acid,  in  which  0  is 
replaced  by  S  (§  268).  ((/)  Taurin— (§  177),  amido-ethyl-sulphonic  acid  occurs  (except  in  certain 
glands)  chiefly  in  combination  with  cholalic  acid,  as  taurocholic  acid  in  bile.  Tyrosin  (jiara- 
hydro-oxyphenyl-amido-propionic  acid),  an  amido-acid  of  unknown  constitution,  occurs  along 
with  leucin  during  pancreatic  digestion  (§  170),  is  a  decomposition-product  of  proteids,  and 
occurs  plentifully  in  the  urine  in  acute  yellow  atrophy  of  the  liver  (§  269). 

To  the  amido-acids  are  related— (a)  Kreatin  in  muscle,  brain,  blood,  urine,  regarded  as 
methyl-uramido-acetic  acid  (C^HgNgO..).  It  has  been  prepared  ai  titicially.  When  boiled  with 
baryta-water,  it  takes  up  H^O,  and  sidits  into  urea— and  {!>)  Sarkosin  (C3H-NO.,),  methyl- 
amido-acetic  acid.  When  boiled  with  water,  heated  with  strong  acids,  in  the  presence  of 
putrefying  substances,  kreatin  gives  off  water,  and  is  changed  into  kreatinin  (04117^30).  This 
strong  base  can  be  reehanged  by  alkalies  into  kreatin. 

(4)  Ammonia  Derivatives  of  Unknown  Constitution.— Uric  acid  (§  258) ;  allantoin  (§  260), 
is  formed  by  the  oxidation  of  uric  acid  by  means  of  potassium  permanganate  ;  cyanuric  acid 
in  dog's  urine  ;  inosinic  acid  in  muscle;  guanin  in  traces  in  the  liver  and  pancreas,  in  guano,  the 
excrements  of  spiders,  in  the  skin  of  amphibia  and  reptiles,  in  the  silver  sheen  of  many  fishes 
{A.  Ewald  and  Krukenhenj);  by  oxidation  it  yields  urea  (p.  439);  hypoxanthin  or  sarkin  occurs 
along  with  xanthin  in  many  oigans  and  in  urine.  Kossel  prepared  hypoxanthin  from  nuclein 
by  prolonged  boiling  of  the  latter.  It  may  be  obtained  from  fibrin  by  putrefaction,  by  gastric 
and  pancreatic  digestion,  and  by  dilute  acids  {Salomon,  H.  Krause,  Chittenden)  ;  xanthin  is  pre- 
pared by  oxidation  from  hypoxanthin.  It  occurs  very  rarely  in  the  form  of  a  urhiary  calculus. 
Paraxanthin  in  urine,  and  a  similar  body  carnin  in  flesh  (§  233).  [Adenin  (CgHgN.,),  dis- 
covered by  Kossel  in  the  pancreas,  yeast,  and  tea-leaves,  has  also  been  isolated  from  the  spleen, 
lymphatic  glands,  and  kidney  ;  it  appears  to  be  present  in  all  highly  cellular  animal  and  vege- 
table tissues.  Like  the  allied  bases — xanthin  and  guanin,  it  is  a  derivative  of  the  nuclein  of 
the  nuclei.] 

Aromatic  Substances. 

1.  Monatomic  phenols— («)  Phenol  (hydroxyl  of  benzol)  in  the  intestine  (§  184).  Phenyl- 
sulphonic  acid  in  urine  (§  262).  {b)  Kresol,  in  the  form  of  orthokrcsol  and  parakresol,  united 
with  sul])honic  acid,  occur  in  urine  (§  262).  2.  Diatomic  phenols — {a)  pyrokatechin  united 
with  sulphonic  acid  in  urine  (§  262).  3.  Aromatic  oxyacids — («)  Hydroparacumaric  acid  ;  {h) 
Paraoxyphenylacetie  acid  in  urine  (§  262).  4.  Indol  and  skatol  in  the  intestine  (§  184),  con- 
joined with  sulphonic  acid  in  urine  (§  262). 

253.  HISTORICAL. — According  to  Aristotle,  the  organism  requires  food  for  three  purposes 
— for  growth,  for  the  production  of  heat,  and  to  compensate  for  the  loss  of  the  bodily  excreta. 
The  formation  of  heat  takes  place  in  the  heart  by  a  process  of  concoction,  the  heat  so  formed 
being  distributed  to  all  parts  of  the  body  by  means  of  the  blood,  while  the  respiration  is  re- 
garded as  an  act  whereby  the  body  is  cooled.  Galen  accepted  this  view  in  a  somewhat  modified 
form  ;  according  to  him,  the  metabolic  processes  may  be  compared  to  the  processes  going  on  in 
a  lamp  ;  the  blood  represents  the  oil  ;  the  heart,  the  wick  ;  the  lungs,  the  fanning  apparatus. 
According  to  the  view  of  the  iatrocheniical  school  {van  Helmont),  the  metabolic  processes  of  the 
bodj'  are  fermentations,  whereby  the  food  is  mixed  with  the  juices  of  the  body.  Since  the 
middle  of  the  seventeenth  century  {Boyle),  the  knowledge  of  the  metabolic  processes  has  followed 
the  development  of  chemistry.  A.  v.  Haller  regarded  heat  as  due  to  chemical  processes — the 
food  continually  supplying  the  waste  which  is  excreted  from  the  body.  After  the  discovery  of 
oxygen  (1774,  by  Priestley  and  Scheele),  Lavoisier  formulated  the  theory  of  combustion  in  the 
lungs,  whereby  carbonic  acid  and  water  were  formed.  Mitscherlich  compared  the  decomposi- 
tion-processes in  the  living  body  with  putrefactive  processes.  Magendie  was  the  first  to  emphasise 
the  difference  between  nitrogenous  and  non-nitrogenous  foods,  and  he  showed  that  the  latter 
alone  were  not  able  to  support  life.  Even  gelatin  alone  is  not  sufficient  for  this  purpose.  The 
greatest  advance  in  the  theory  of  nutrition  was  made  by  J.  v.  Liebig,  who  laid  the  foundation 
of  our  present  knowledge  of  this  subject.  According  to  Liebig,  foods  may  be  divided  into  two 
classes,  viz.,  the  "plastic,"  suitable  for  the  construction  of  the  organism,  and  the  "respiratory" 
for  the  maintenance  of  the  temperature  ;  to  the  former  class  he  referred  the  albuminates  or 
proteids,  to  the  latter,  the  non-nitrogenous  carbohydrates  and  fats  (p.  356).  Amongst  recent 
observers,  the  Munich  School,  as  represented  by  v.  Bischolf,  v.  Pettenkofer,  and  v.  Voit,  has 
done  most  to  give  us  an  exact  knowledge  of  this  department  of  physiology. 
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254.  STRUCTURE  OF  THE  KIDNEY.— [Capsule.— The  kidney  is  a  compound  tubular 
glaml,  and  is  invested  by  a  thin,  tough,  fibrous  capsule,  easily  stripped  off  from  the  substance 
of  the  orc;an,  to  which  it  is  attached  by  fine  processes  of  connective-tissue  and  blood-vessels.] 

[Naked  Eye  Appearances. — On  dividing  the  kidney  longitudinally  from  the  hilum  to  its 
outer  border,  and  examining  the  cut  surface  witb  the  naked  eye,  we  observe  the  parenchyma 


Boundary  layer 
of  Medulla. 

Papillary  por- 
tion of  me- 
dulla. 

Transverse  section  ^ 
of    tubules    in  [-  ;> 
boundary  layer.  ) 


V&t  of  renal  sinus,  4. 


Transversely  ^ 
coursing  raedul-',- 
lary  rays.  ) 


Artery. 


1"  Labyrinth. 

J,  /Medullary 
(.  rays. 


MEDULLA. 


CORTEX. 


Renal  caly.x. 


Ureter. 


/Branch  of 

(.    renal  artery. 


Aitery. 


Fig  240. 

Longitudinal  section  through  the  kidney  {Trjson,  after  HenU). 
of  the  kidney,  con.sist1ng  of  an  outer  cortical  and  an  inner  meduDary,  or  pyramidal  portion 
the  latter  composed  of  about  twelve  conical  papilh^,  or  pyramids  of  Malpigh  \w  h  hei^  aSs 
directed  towards  and  embraced  by  the  calices  of  the  pelvis  of  the  kichie^   fi  240 
medullary  portion  is  fttrther  subdivided  into  the  boundary  layer  of  Ludw^g  a  K^e^pilla^ 
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portion 

bouudary  layer,  2-5 


According 


to  Klein,  the  relative  proportions  of  these  three  parts  arc— cortex,  3'5  ; 
and  papillaiy  portion,  4.    The  cortex  has  a  li-(ht  brown  colour,  and  when 

he 


torn  presents  a  slightly  granular  aspect,  with  radiating  lines  running  at  regular  distances.  Tin 
granules  are  due  to  the  presence  of  tlie  llalpighiau  corpuscles,  and  the  stria;  to  the  medullary 
rays.  Ihe  boundary  zone  is  darker,  and  often  purplish  in  colour.  It  is  striated  with  clear  and 
red  hues  ajternating  with  opacpie  ones,  the  former  being  blood-vessels  and  the  latter  uriiiiferous 


and  uniformly  striated,  the  striie 


to 
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tubules.  Tiie  papillary  zone  is  nearly  white 
the  apex  of  the  pyramid.  The  medulla  is 
much  denser  and  less  friable  than  the  cortex, 
owing  to  the  presence  of  a  large  amount  of 
connective-tissue  between  the  tubules.  The 
bundles  of  straight  tubes  of  the  medulla  may 
be  traced  at  regular  intervals  running  out- 
wards into  the  cortex,  constituting  medullary 
rays,  which  become  smaller  as  they  pass  out- 
wards in  the  cortical  zone,  so  that  they  are 
conical  and  form  the  pyramids  of  Ferrein 
^fig.  241,  PF).  The  portion  of  the  cortex 
lying  between  the  medullary  rays  is  known  as 
the  labyrinth,  from  the  complicated  arrange- 
ment  of  its  tubules.] 

[Size,  Weight.  —The  adult  kidney  is  about 
11  centimetres  (4-4  inches)  in  length,  5  centi- 
metres (2  inches)  wide,  and  3  centimetres 
(1  inch)  in  thickness.  It  weighs  in  the 
male  113-5  to  170  grms.  (4  to  6  oz.),  in  the 
female  113-5  to  156  grms.  (4  to  5^  oz.).  The 
width  of  the  cortex  is  usually  5  to  6  milli- 
metres (i  to  ^  inch).] 

I.  The  nriniferons  tubules  all  arise  within 
the  labyrinth  of  the  cortex  by  means  of  a 
globular  enlargement,  200  to  300  n  [yi^  to 
inch]  in  diameter,  called  Bowman's 
capsule  (figs.  242,  243).  After  pursuing  a 
complicated  course,  altering  their  direction, 
diameter,  and  structure,  and  being  joined  by 
other  tubules,  they  ultimately  form  large 
collecting  tubes,  which  terminate  by  minute 
apertures,  visible  with  the  aid  of  a  hand-lens, 

on  the  apices  of  the  papillie  projecting  into  ^'ig-  ^41. 

the  calices  of  the  kidney.  Each  urinary  tubule  Longitudinal  section  of  a  Malpighian 
is  composed  of  a  homogeneous  membrana  PF,  pyramids  of  Ferrein  -  - 
propria,  lined  by  epithelial  cells,  so  as  to 
leave  a  lumen  for  the  passage  of  the  urine 
from  the  Malpighian  corpuscles  to  the  pelvis 
of  the  kidney.  The  diameter  and  direction 
of  the  tubules  vary,  and  the  ei)ithelium  differs 

in  its  characters  at  different  parts  of  the  tube,  while  the  lumen  also  undergoes  altex-ations  in  its 
diameter. 

Course  and  Structure  of  the  Tubules. — In  the  labyrinth  of  the  cortex,  tubules  arise  in  the 
spherical  enlargement  known  as  Bowman's  capsule  (tig.  242,  1),  which  invests  (in  the  manner 
presently  to  be  described)  the  tuft  of  capillary  blood-vessels  called  a  glomerulus  or  Malpighian 
corpuscle.  By  means  of  a  short  and  narrow  neck  (2)  the  capsule  becomes  continuous  with  a 
convoluted  tubule,  X  in  fig.  243.  This  tubule  is  of  considerable  length,  forming  many  wind- 
ings in  the  cortex  (tig.  242,  3);  the  tirst  part  of  it  is  45  fx  wide,  constituting  the  proximal  or 
iii-st  convoluted  tnbiile.  It  becomes  continuous  with  a  spiral  tubule  of  Scliachowa  (4),  which 
lies  in  a  medullary  ray  where  it  ))ursues  a  slightly  wavy  or  spiral  course.  On  the  boundary 
line  between  the  cortical  and  boundary  zone,  the  spiral  tubule  suddenly  becomes  smaller  and 
I^asses  into  the  descending  portion  ofHenle's  loop  (5),  which  is  14  yu  in  breadth,  and  is  con- 
tinued downwards  through  the  boundary  zone  into  the  medulla,  where  it  forms  the  narrow 
loop  of  Henle  (6),  which  runs  backwards  in  the  medullary  i)art  to  the  boundary  zone.  Here 
it  becomes  wider  (20-26  ^),  and  as  it  continues  its  undulating  course,  it  enters  a  medullary  ray, 
where  it  constitutes  the  ascending  looped  tube  (7),  which  becomes  narrower  in  the  cortex. 
Leaving  the  medullary  ray  again,  it  passes  into  the  labyrinth,  where  it  forms  a  tube  with 
irregular  angular  outlines— the  irregular  tubule  (10),  whicli  is  continuous  with  (tig.  243,  n,  n) 
the  second  or  distal  convoluted  tubule  (11),  which  resembles  the  proximal  tubule  of  the  same 
name.    Its  diameter  is  40  fi.    A  short,  narrow,  wavy  junctional  or  curved  collecting  tubule 


Fig. 

pyramid. 
K,A,  branch  of  renal 
artery  ;  RV,  lumen  of  a  renal  vein  receiving  an 
interlobular  vein  ;  VR,  vasa  recta  ;  PA,  apex 
of  a  renal  i)apilla  :  b,  b,  embrace  the  bases  of  the 
renal  lobules. 
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f  fi.  l.tfpr  with  one  of  the  straight  collecting  tubes  (13)  of  a  medullary  ray.  As 
(12)  connects  the  ktte:    !^^^^^^^^^  the  boundary  .one,  it  receives  "^V"^?,'-^^  J""f,^°"f 

eaches  the  boumUry  zone,  it  forms  one  of  the  coUectnig  tubes  (hg.  243,  0), 


the  collecting 
tubes,  and  when  it  r 


Sub-capsular  layer  without  Mal- 
pigliiau  corpuscles. 


4.  Spiral  tube. 

•13.  Straight  part  of  collect- 
ing tube. 

!i.  Wavy  part  of  asscending 
limb  of  Henle's  loop. 

Inner  stratum  of  cortex 
witliout  Malphigiau 
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V2.  First  part  of  collecting  tube. 
11.  Distill  convoluted  tubule. 
A>  A.  CORTEX. 

10.  Iiregular  tubule. 

0.  Proximal  convoluted  tubule. 
9.  Wavy  part  of  ascending  limb. 
2.  Constriction  or  neck. 
4.  Spiral  tubule. 

1.  Slalpighian  tuft  sunounded 
by  Bowman's  capsule. 


8.  Spiral  part  of  ascending  limb 
of  Henle's  loop. 


B.  BOUNDARY  ZONE. 

5.  Descending  limb  of  Henle's 
loop-tube. 


7  &  S.  Ascending  limb  of 
Henle's  loop-tube. 


(5.  Henle's  loop. 


C.  PAPILLARY  ZONE. 
Fig.  242. 

Diagram  of  the  course  of  two  uriniferous  tubules  {Klein  and  Noble- Smith). 

which  unite  with  one  another  at  acute  angle.s  to  form  the  larger  straight  excretory  tubes  or 
ducts  of  Bellini  (15),  which  open  on  the  summit  of  the  Malpighian  pyramids  into  a  calyx  of  the 
pelvis  of  the  kidney.  In  the  cortex  the  collecting  tubules  are  45  /j.  in  diameter,  but  where  they 
have  formed  an  excretory  tube  (0),  their  diameter  is  200  to  300  /x-.  24  to  80  of  these  tubes  open 
on  the  apex  of  each  of  the  12  to  15  Jlalpighian  pyramids.  In  the  lowest  and  broadest  part,  the 
menibrana  propria  is  strengthened  by  the  presence  of  a  thick  supporting  framework  of  con- 
nective-tissue. 

Structure  of  the  Tubules. — [Below  the  neck,  the  tubules  are  lined  everywliere  by  a  single 
layer  of  nucleated  epithelium.]  Bowman's  capsule,  which  is  about  inch  in  diameter  (fig. 
244,  II),  consists  of  a  homogeneous  basement  membrane  lined  internally  by  a  single  continuous 
layer  of  flattened  cells  {k).  According  to  Roth,  tlie  basement  membrane  itself  is  composed  of 
endothelial  cells.  [In  the  foetus  the  lining  cells  are  more  polyhedral.]  AVithin  the  capsule 
lies  the  glomerulus  or  tuft  of  blood-vessels.  The  cells  lining  the  capsule  are  reflected  over  and 
between  the  lobules  of  which  the  glomerulus  consists.  The  glomerulus  may  not  completely  fill 
the  capsule,  so  that,  according  to  the  activity  of  the  kidney,  there  may  be  a  larger  or  smaller 
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Tlie  cells,  which  an' 


space  between  the  glomerulus  and  the  capsule  into  which  the  filtered  nvine  passes.  Tlic  neck 
IS  lined  by  cubical  cells.  These  cells,  in  some  animals,  e.g.,  the  rabbit,  sheep,  mouse,  and  l'ro<^, 
are  ciliated. 

The  proximal  convoluted  tubule  is  lined  by  characteristic  ei.ithelium. 
short  or  polyhedral,  contain  a 
turbid  or  cloudy  protoplasm  (fig. 
244,  III,  1  and  2),  which  notun- 
frequently  contains  oil-globules, 
and  they  form  a  single  layer. 
Each  cell  consist  of  two  parts  ; 
the  inner,  containing  the  spheri- 
cal nucleus,  is  next  the  lumen, 
and  granular  (III,  2,  g),  while 
the  outer  part,  next  the  mem- 
brana  propria,  ai>pears  fibril- 
lated,  or  "redded,"  from  the 
presence  of  rods  or  fibrils  placed 
vertically  to  the  basement-mem- 
brane (lig.  245).  These  appear 
like  the  hairs  of  a  brush  pressed 
upon  a  plate  of  glass  (III,  2). 
The  cells  are  not  eiisily  separated 
from  each  other,  asneighbouring 
cells  interlock  by  means  of  the 
branched  ridges  on  their  sur- 
faces (III,  1)  —  {Hcidcnhain, 
Schachowa).  The  lumen  is  well 
defined,  but  its  size  seems  to 
depend  upon  the  state  of  imbibi- 
tion of  the  cells  bounding  it. 

The  spiral  tubnle  has  similar 
epithelium  and  a  corresponding 
lumen,  although  the  epithelium 
becomes  lower  and  somewhat 
altered  in  its  characters  at  the 
lower  part  of  the  tube. 

The    descending    limb  of 
Henle's  loop,  and  the  loop  itself 
with  a  relatively  wide  lumen, 
are  bounded  by  clear,  flattened, 
epithelial  cells,  with  a  bulging 
nucleus  (IV,  S) ;  the  cells  lying 
on  one  side  of  the  tube  being  so 
l^laced  that  the  bulging  part  of 
the  bodies  of  the  cells  is  oppo- 
site the  thin  part  of  the  cells  on 
the  opposite  side  of  the  tube. 
[These  tubes  might  be  mistaken 
lor  blood-capillaries,  but  in  ad- 
dition to  their  sfjuamous  liniiig, 
theyhave  a  baseinent-membraiic, 
which  capillaries  have  not]  In 
the  ascending  limb,  the  lumen 
is  relatively  wide,  while  its  epi- 
thelium agrees  generally  with 
that  in  the  convoluted  tubule, 
excepting  that  the  "  rods"  are 
shorter.     Sometimes  the  cells 
are  arranged  in  an  "  imbricate  " 
manner. 

In  the  irregular  tubule,  which 
has  a  very  small  lumen,  the 
polyhedrarcells  lining  it  contain 
oval  nuclei,  and  are  shorter  than 
those  of  the  convoluted  tubules, 


I, 


rodded ' 


Fig.  243. 

Blood-vessels  and  uriniferous  tubules  of  the  kidney  (semi- 
diagrammatic);  A,  capillaries  of  the  cortex,  B,  of  the  me- 
dulla; a,  interlobular  artery  ;  1,  vasalferens;  2,  vas  efi'erens; 
r,  c,  vasa  recta;  c,  vena?  rectre;  v,  v,  interlobular  vein;  S, 
origin  of  a  vena  stellata;  i,  i,  Bowman's  capsule  and  glo- 
merulus ;  X,  X,  convoluted  tubules  ;  t,  t,  Henle's  loop  ;  n, 
junctional  piece;  0,  0,  collecting  tubes ;  0,  excretory  tube. 

The  cells,  again,  are  very  irregular  in  size,  while  their 
character  is  much  coarser  and  more  defined  (fig.  246). 


The  distal  convoluted  tubule  closely  resembles  in  its  structure  the  proximal  convoluted 
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form  incomplete  arches.    From  these  horizontal  trunks,  the 


tubule,  and  is  lined  by  similar  cells.  The  curved  collecting,  or  junctional  tubule,  although 
narrow  has  a  relatively  wide  lumen,  as  it  is  lined  by  clear,  somewhat  flattened  cells. 

The  'collecting  tubes  liave  a  distinct  lumen,  and  are  lined  by  clear,  somewhat  irregular, 
cubical  cells  (tig.  244,  \),  which  in  the  larger  excretorij  tubes  are  distinctly  columnar  (VI). 
The  basement- membrane  is  said  to  be  absent  in  the  larger  tubes.  [Klein  describes  a  thin, 
delicate,  nucleated  centro-tubular  membrane  lining  the  surface  of  the  epithelium  next  the 

lumen.]  ^     ,        ,         ,  •  i 

II.  The  Blood-Vessels.— The  renal  artery  (fig.  250)  divides  into  four  or  five  branches,  which 
pass  into  the  kidney  at  the  hilum.  These  branches,  surrounded  by  connective-tissue 
continuous  with  that  of  the  capsule,  continue  to  divide,  and  pass  between  the  papilla,  to  reach 
the  bases  of  the  pyramids  on  the  limits  between  the  cortical  and  boundary  zones,  where  they 

~   '        '      '    interlobular  arteries  (fig.  243, 

a)  run  vertically  and  singly  into 
the  cortex,  between  each  two 
medullary  rays,  and  in  their 
course  they  give  ofi'  on  all  sides 
the  short  undivided  vasa  afifer- 
entia  (1),  each  of  which  enters 
a  j\Ialpighian  capsule  at  the 
oi^posite  pole  from  which  the 
urinary  tubule  is  given  off. 
AVithin  the  capsule,  each  afferent 
artery  breaks  up  into  capillaries 
arranged  in  lobules  and  sup- 
ported by  connective-tissue,  the 
whole  forming  a  tuft  of  capillary 
blood-vessels,  or  a  glomerulus. 
Each  glomerulus  is  covered  on 
its  surface,  directed  towards  the 
wall  of  the  capsule  by  a  layer  of 
flat,  nucleated,  epithelial  cells 
(fig.  229,  II),  which  also  dip 
doM'n  between  the  capillaries. 
A  vein,  the  vas  efFerens  (2), 


e,  vas 


Fig.  244. 

II,  Bowman's  capsule  and  glomerulus,    a,  vas  aff'erens 

efferens;  c,  capillary  network  of  the  cortex ;  ^  ^  endothelmm  ;;hi'ch"is  always  smaller  than  the 
of  the  capsule;  h,  origin  of  a  convoluted  tubule.    Ill,  afferent  arteriole,  proceeds  from 


■rodded"  cells  from  a  convoluted  tubule — 2,  seen  from 


the  centre  of  the  glomerulus. 


the  side,  with  sr,  inner  granular  zone  ;  1,  from  the  surface,  ^nd  leaves  the  capsule  close  to 

the  point  at  which  the  afferent 
vessel  enters  it  (fig.  244,  II). 
structure  and  distribution  all  the  efferent  vessels  resemble  arteries,  as  they  divide  into 


IV,  cell  lining  Henle's  looped  tubule.  V,  cells  of  a  col 
lecting  tube.    VI,  section  of  an  excretory  tube 

In  their 


branches  to  form  a  dense,  narrow-meshed,  capillary  network  (fig.  243,  A,  and  fig.  244,  II,  c), 
which  ramifies  over  and  between  the  convoluted  tubules.    The  meshes  are  elongated  around 


Fig.  245. 

Convoluted  tubule  (after  ammonium  chromate) 
showing  "rodded"  epithelium. 


Fig.  246. 
Epithelium  of  an  irregular  tubule 
of  the  kidney  of  a  dog. 


the  tubules  of  the  medullary  rays,  and  more  polygonal  around  the  convoluted  tubules  (fig.  243). 
Some  of  the  lowest  efferent  vessels  split  up  into  vasa  recta,  which  run  towards  the  medulla. 
The  interlobular  arteries  l)ecome  smaller  as  they  pass  towards  the  surface  of  the  kidney,  and 
some  of  their  terminal  capillaries  communicate  with  the  capillaries  of  the  external  capsule  itself. 
Venous  trunks  proceed  from  the  capillary  network,  to  terminate  in  the  interlobular  veins  (V) 
which  begin  close  under  the  capsule  by  venous  radicles  arranged  in  a  stellate  manner  (consti- 
tuting the  stellula?  Verheynii,  or  venae  stellatse),  and  accompany  the  corresponding  artery  to 
the  limit  between  the  cortex  and  boundary  zone,  where  they  communicate  with  the  large  venous 
trunks  in  that  situation. 

The  blood-vessels  of  the  medulla  arise  from  the  vasa  recta  (fig.  243,  r),  which  betnn  on 
the  limit  of  the  cortex  and  medulla,  either  as  single,  direct,  muscular  branches  (r)  of  the  large 
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arterial  trunks,  or  from  those  efferent  vessels  (c)  which  lie  next  to  the  medulla.  The  latter  are 
said  to  be  devoid  of  muscle.  According  to  Huschke,  a  few  vasa  recta  are  formed  by  the  union 
of  the  capillaries  of  the  medullary  rays.  All  the  vasa  recta  enter  the  boundary  layer,  where 
they  split  up  into  a  leash  or  pencil  of  small  arterioles,  which  pass  l)etween  the  straight  tubules 
towards  the  pelvis,  and  form  in  their  course  a  capillary  network  with  elongated  meshes.  From 
these  capillaries  there  arise  vejious  radicles,  which,  as  they  proceed  towards  the  limit  between 
the  cortex  and  medulla,  form  the  vensB  rectae  (<,•).  and  open  into  the  concave  side  of  the  venous 
trunks  in  this  region.  At  the  apex  of  the  papilhs,  the  capillaries  of  the  medulla  form  connec- 
tions with  the  rosette-like  capillaries  surrounding  the  excretory  ducts  (at  1). 

[The  circulation  through  the  vasa  recta  is  most  important.  The  cortical  system  of  blood- 
vessels communicates  with  the  medullary,  but  as  most  of  the  vasa  recta  are  deiived  from  the 
same  vessel  as  the  interlobular  arteries,  it  is  evident  that  they  may  form  a  side  stream  through 
wliich  much  of  the  blood  uiay  pass  without  traversing  the  vessels  "of  the  cortex.  Very  probably 
the  "short-cut"  is  useful  in  congestions  of  the  kidney.  The  amount  of  distention  of  these 
vessels  also  will  influence  the  size  of  the  tubules  lying  between  them.  There  are  two  other 
channels  by  which  blood  can  pass  through  the  renal  arteries  without  traversing  the  glomeruli— 
(1)  The  anastomoses  between  the  terminal  twigs  of  the  renal  artery  and  the  subcapsular  venous 
plexus  ;  (2)  small  branches  given  olf,  either  by  the  interlobular  arteries  or  by  the  afferent 
vessels  before  entering  the  glomeruli  {Britnton).] 

The  blood-vessels  of  the  external  capsule  are  derived  partly  from  the  terminal  twigs  of  the 
interlobular  arteries,  jwrtly  from  branches  of  the  supra-renal,  phrenic,  and  lumbar  arteries, 
which  anastomose  with  each  other.  The  capillary  network  has  simple  meshes.  The  venous 
i-adicles  pass  partly  into  the  vcnx  stellatie,  and  partly  into  the  veins  of  the  same  name  as  the 
arteries.  The  connection  of  the  area  of  the  renal  artery  with  the  other  arteries  of  the  capsule 
explains  why,  after  ligature  of  the  renal  artery  within  the  kidney,  the  blood  still  cir- 
culates in  the  external  capsule  (C.  Ludicig,  M.  Herrmann) ;  in  fact,  these  blood-vessels  still 
8upi)ly  the  kidney  with  a  small  amount  of  blood,  which  may  suffice  to  permit  a  slight  secretion 
of  urine  to  take  place  {Litten,  Pautynski). 

III.  The  lymphatics  form  a  wide-meshed  plexus  in  the  capsule  of  the  kidney,  while  under  it 
they  form  large  spaces  {Heidenhain).  In  the  parenchyma  of  the  kidney,  the  lymphatics  are  said 
to  be  represented  b}'  large  slits  devoid  of  a  wall  in  the  tissues,  and  are  more  numerous  around  the 
convoluted  than  the  straiglit  tubules.  The  slits  pass  to  the  surface  of  the  kidney,  and  expand 
under  the  capsule.  When  the  lymphatics  are  greatly  distended,  they  tend  to  compress  the 
uriniferous  tubules  and  the  blood-vessels  (C.  Ludwig  and  Zawarykin).  According  to  Rjnidowsky, 
the  uriniferous  tubules  are  surrounded  by  true  lymphatics  with  an  endothelial  lining,  and  they 
even  penetrate  into  the  capsule  of  Bowman  along  with  the  vas  afterens.  [The  large  blood- 
vessels are  also  surrounded  by 
lym])hatics.]  Large  lymphatics, 
provided  with  valves,  pass  out  of 
the  kidneys  at  the  hilum,  while 
others  emerge  through  the  cap- 
sule ;  both  sets  are  connected 
with  the  lymph-spaces  of  the  cap- 
sule of  the  kidney  {A.  Budge). 

IV.  The  nerves  form  small 
trunks  ])rovided  with  ganglia, 
and  accompany  the  blood-vessels. 
[They  are  derived  from  the  renal 
plexus  and  the  lesser  splanchnic 
nerve. ]  They  contain  meduUated 
and  non-modullated  fibres,  and 
the  latter  have  been  traced  by 
W.  Krause  as  far  as  the  apices  of 
the  papilliv.  Their  mode  of  ter- 
mination is  unknown.  Physio- 
logically, we  are  certain  that  they 
contain'  both  vaso-motor  and  sen- 
sory fibres  ;  perhaps  there  may 
be  also  vaso-dilator  and  secretory 
fibres. 

V.  The  connective-tissue,  or  pjc,  247, 
interlobular  stroma  forms  in  the  T,an.sverse  section  of  apex  of'iMalpighian  pyramid 

papilte,  ^^Pe^'l^l-yf  J'"^''  collecting  tubes  ;  h,  c,  d,  tubules  of  Henle  ;  e,  f,  blood- 
iibrous,  concentric  layers  of  con-         -ii  »   j    '  ' 

siderable  thickness  between  the  ^-apniaries. 

excretory  tubules  (fig.  247).  Farther  outwards,  the  fibrillar  character  becomes  less  distinct, 
while  at  the  same  time  branched  connective-tissue  corpuscles  occur  in  greater  numbers.   In  the 


large 
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cortex  the  interstitial  stroma  consists  almost  entirely  of  branched  corpuscles, 
Wth  eacSi  other      There  is  also  a  small  quantity  of  delicate  fibrous  tissue  around  Bo™ 
cVnsuirand  a lo     the  course  of  the  arteries.    The  connective-tissuc  often  plays  an  imroitnnt 
^^i^pa    o£  ^1  conditions  of  the  kidney,  as  interstitial  nephritis.]    The  ov.ter  aj^r  of  the 
ca^i  e  5  the  kidney  are  composed  of  dense  bundles  of  fibrous  tissue,  ^vhlle  the  deeper  laye.s 
aS^more  loo  e  and  send  processes  into  the  cortical  layers.    The  capsule  is  easily  stripped  oH. 
Fone  ot  the  s  c  etory  substance  is  removed  with  it.    Under  the  capsule  in  he  ^^^^^^ll^^^^^l;^ 
there  is  a  thin  plexus  of  non-striped  muscular  fibres.    At  the  hilum  it  becomes  continuous 
jSthe  oi^i"  fibrous  coat  of  the  dilated  upper  end  of  the  ureter.    Smooth  J^^^^^^^^^^^ 
o-cur  in  a  spliincter-like  arrangement  round  the  apex  ot  each  papilla,  while  others  pioceed  tiom 
O.CIU  in_a  siMiiuu^L^ei   ^^^^^^^^    ^^^^  i.l^ Ji.vp«p1s  (Jmrlet).    The  fat  surrounding  the 


the  pelvis  between  the  pyraniids  along  the  blood-vessels  {Jardet). 
kidney  is  united  to  the  latter  partly  by  blood-vessels  and  partly  by  bands 
J  J.:   j-rpijjj  subcapsular  layer 


,._1000 


'"^  1040 


1030 


of  connective- 
tissue.  [The  subcapsular  layer  of  the  cortex, 
and  a  thin  laver  next  tlie  boundary  zone  (fig. 
242,  a,  a),  are  devoid  of  Malpighian  corpuscles.] 
[Development  of  a  Malpighian  Capsule.  —The 
upper  end  of  the  urinary  tubule  is  dilated  and 
closed,  and  into  it  there  grows  a  tuft  of  blood- 
__1010  vessels  (a)  pushing  one  layer  of  the  tube  before 
it  (h),  hence  the  capillaries  become  invested  by 
it,  just  as  an  organ  is  surrounded  by  a  serous  sac, 
so  that  one  layer— the  reflected  one  (b) — of  the 
tubule  is  closely  applied  to  the  blood-vessels, 
while  the  other  (c)  lies  loosely  over  it  with  a 
space  between  the  two  (fig.  248).] 

255.    THE    URIN  E.  —  Physical 

Characters. — A  knowledge  of  tlie  com- 
position of  this  secretion  is  of  the  greatest 
value  to  the  physician  and  surgeon. 

1.  The  quantity  of  urine  passed  by  an 
adult  man  in  twenty-four  hours  is  between 
1000  and  1500  cubic  centimetres,  or  about 
50  ozs.,  and  in  the  female  900  to  1200 
The  minimum  is  secreted  between 
4  A.M.,  and  the  maximum  between  2 
P.M.  ( Weigdin). 

The  amount  is  diminished  by  profuse  sweat- 
ing, dianhcca,  thirst,  non-nitrogenous  food, 
diminution  of  the  general  blood-jtressure,  after 
severe  haimorrhagc,  and  in  some  diseases  of  the 
kidneys.  The  minimum,  which  may  be  normal, 
is  400  to  500  c.c.  It  is  increased  by  increase  of 
the  general  blood-pressure,  or  of  the  pressure 
within  the  area  of  the  renal  artery,  by  copious 
drinking,  contraction  of  the  cutaneous  vessels 
through  the  action  of  colJ,  the  passage  of  a 
large  amount  of  soluble  substances  (urea,  salts, 

amount  of 


c.c. 

2  to 
to  4 


250. 


249. 

Fig.  248.-Development  of  a  glomerulus  and  ^"^  «»gar)  into  the  urine,  a  large 

Malpighian  capsule,  a,  capillary  ;  h,  vis-  nitrogenous  food,  as  well  as  by  various  drugs, 
ceral ;  c,  ]iarietal  layer  of  capsule 


such  as  digitalis,  alcohol,  squills.  After 


taking 

Fig.  2V9.-Gmdirte7cVm^  flask  for  l^^i^ls  chai-ged  with  CO.,  tli6  amount  of  urine  is 

•  ,  /„f  increased  during  the  following  hours  i 


Fig, 


measuring  the  amount  of  urine. 
250. — IJrinometer. 


{Qaincke). 

The  secretion  is  influenced  directly  by  the 
nervous  system,  as  in  the  sudden  polyuria  fol- 
lowing nervous  excitement,  such  as  hysteria,  [when  the  person  usually  passes  a  large  amount 
of  very  pale-coloured  urine]  ;  after  an  ei)ileptic  attack,  and  also  after  pleasurable  excitement 
(Bcncke).  AVe  may  have  polyuria  unaccompanied  by  the  presence  of  sugar  in  the  urine,  which 
follows  injury  to  a  certain  part  of  the  floor  of  the  fourth  ventricle  {CI.  Bernard).  The  urine  is 
measured  in  tall  graduated  cylindrical  vessels  (fig.  249).  [In  estimating  the  quantity  of  urine 
])assed,  the  patient  must,  of  course,  be  directed  always  to  empty  his  bladder  at  a  particular 
hour,  and  collect  the  urine  passed  during  the  next  twenty-four  hours.] 

2.  The  specific  gravity  varies,  as  a  mean,  between  1015  and  1025  ;  the  mini- 
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mum,  after  copious  draughts  of  water,  maybe  1002;  while  the  maximum,  after 
profuse  perspiration  and  great  thirst,  may  be  1040.  The  mean  specitic  gravity  is 
about  1020.  In  newly-born  children,  the  specific  gravity  falls  very  considerably 
during  the  first  three  days,  which  is  due  to  the  amount  of  food  taken  {Martin  and 
Rmje).  [The  specific  gravity  of  the  urine  in  infants  is  about  1003  to  1006.]  A 
healthy  adult  excretes  about  70  grms.  [2A  oz.]  daily  of  solids  by  the  urine,  or 
about  1  grm.  of  solids  per  1  kilo,  of  body-weight. 

The  specific  gravity  is  estimated  by  means  of  a  ui  inometer  (fig.  250),  the  urine  being  at  the 
temperature  of  16"  C.  [The  urinometer,  wlieu  phiced  in  distilled  water,  ought  to  flout  at  the 
mark  0°  or  zero,  wliich  is  conventionally  spoken  of  as  1000.  Place  the  urine  to  be  tested  in  a 
tall  cylindrical  glass,  of  such  width  that  the  urinometer,  when  placed  in  it,  may  float  freely 
and  not  touch  the  sides.  Take  care  that  no  air-bubbles  adhere  to  the  instrument.  When 
reading  oft'  the  mark  on  the  stem,  raise  the  vessel  to  the  eye  and  bring  the  eye  on  a  level  with 
the  surface  of  tlie  water,  noting  the  number  which  corresponds  to  this.  This  rule  is  adopted, 
because  the  water  rises  on  the  stem  in  virtue  of  capillarity.  It  is  essential  that  a  sample  of  the 
mixed  iirine  of  the  twenty-four  hours  be  used  for  ascertaining  the  mean  specific  gravity.] 

Christison's  Formula.— To  estimate  the  amount  of  solids  in  the  urine.  This  may  be  done 
approximately  by  means  of  the  formula  of  Trapp  or  Haeser,  or,  as  it  is  called  in  this  country, 
"Christison's  formula,"  viz.,  "Multiply  the  two  last  figures  of  a  specific  gravity  expressed  in 
four  figures  by  2 -33"  {Cliristison  and  Haeser),  or  by  2\rra2jp),  or  2-2  (Loebisch).  This  gives 
the  amount  of  solids  in  every  1000  parts.  [Suppose  a  person  passes  1200  c.c.  Urine  in  twentv- 
four  hours,  and  the  specific  gi-avity  is  1022,  then 

22x2 -33  =  51 -26  grms.  in  1000  c.c. 
To  ascertain  the  amount  in  1200  c.c. 

1000: 1200::  51-26:  X  =^1^^^^^  =  61-51  grms.] 

Direct  Estimation  of  Solids. — Place  15  c.c.  of  urine  in  a  capsule  of  known  weight,  and 
evaporate  it  over  a  water-bath,  afterwards  comi^Ietely  dry  the  residue  in  an  air-bath  at  100°  C, 
and  then  cool  it  over  concentrated  sulphuric  acid.  During  the  process,  a  small  amount  of  urea 
is  decomposed,  so  that  the  value  obtained  is  slightly  too  small.  Of  course  the  specific  gravity 
varies  with  the  amount  of  water  in  the  urine.  The  most  conccntraiecl  (highest  specific  gravity) 
urine  is  the  morning  urine  (Urina  noctis),  especially  after  being  retained  in  the  bladder,  e.g., 
in  prolonged  sleep  a  certain  amount  of  water  is  absorbed,  so  that  the  itrine  becomes  more  con- 
centrated. The  most  dilute  urine  is  secreted  after  copious  drinking  (Urina  potus).  Under 
pathological  conditions,  as  in  diabetes  melHtus  (§  175),  the  urine  is,  at  the  same  time,  very 
copious  (as  much  as  10,000  c.c),  and  very  concentrated,  while  the  specific  gravity  varies  from 
1030  to  1060,  [<lue  to  the  presence  of  a  large  amount  of  grape-sugar].  In  fever  the  urine  is 
concentrated,  and  small  in  amount.  In  polyuria,  due  to  certain  nervous  conditions,  the  urine 
is  very  dilute  and  copious,  while  the  specific  gravity  may  be  as  low  as  1001. 

3.  The  colour  of  the  urine  depends  on  the  colouring-matters  present  in  it,  and 
varies  greatly,  but  the  differences  in  colour  are  due  chiefiy  to  variations  in  the 
amount  of  water.  Normally  it  has  a  pale  straw  colour,  but  if  it  contains  more 
water  than  usual  it  has  a  very  pale  tint,  and  in  certain  cases  (as  in  the  sudden 
polyuria  occurring  after  an  attack  of  hysteria)  it  may  be  as  clear  as  water.  Con- 
centrated urine,  as  after  meals,  or  the  first  urine  passed  in  the  morning,  has  a 
darker  colour ;  it  is  a  cTark  yellow  or  brow^nish-red  ;  while  it  is  usually  dark 
coloured  in  fever. 

Foetal  urine,  and  also  the  urine  first  passed  after  birth,  arc  as  clear  and  colourless  as  water. 
The  admixture  of  various  substances  with  the  urine  alters  its  colour.  Wiieu  mixed  with  blood, 
according  to  the  degree  of  decomposition  of  the  hiiemoglobin,  the  urine  is  red  or  dark  Ijrownish- 
red  [more  frequently  it  is  smoky],  especially  if  the  blood  comes  from  the  kidneys  and  the  urine  is 
acid.  When  mixed  with  bile  pigments,  it  is  of  a  deep  yellowish-lu'own,  with  an  intense  yellow 
froth  ;  senna  taken  internally  makes  it  intensely  red,  rhuljarb  brownish-yellow,  and  carbolic 
acid  black.  Urine  undergoing  the  ammoniacal  fermentation  may  present  a  dirty  bluisli  appear- 
ance owing  to  the  formation  of  indigo.  The  colour  of  urine  is  estimated  by  Neubauer  and 
Vogel  by  means  of  an  empirical  "  colour-scale." 

Urine,  but  especially  ammoniacal  urine,  exhibits  fluorescence,  which  disappears  on  the 
addition  of  an  acid,  and  reappears  after  the  addition  of  an  alkali. 

Normal  urine,  after  standing  for  several  hours,  deposits  a  fine  cloud  of  vesical  mucus  [like 
delicate  cotton  wool].  The  froth  of  normal  urine  is  wliitc,  and  disappears  pretty  rapidly,  while 
that  on  an  albuminous  urine  persists  much  longer.  The  urine  not  unfrequently  contains  some 
epithelial  cells  from  the  bladder  and  urethra. 
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[AMOUNTS  OF  TIIK  SKVEKAI.  URINAUY 
CONSTITL  ENTS  (Loel/isc/l). 


Constituents. 


(Quantity 
.Si)ec'ific  gravity, . 
AVatev,       .    "  . 
Solids, 

Urea,  .... 
Uric  acid,  . 
Soilium  cliloridc. 
riiosphoric  acid, 
Siilplmi  ic  acid,  . 
Phospliorus,  Calcium, 
Magne.sium  ])liosiiliatc. 
Total    f|iiantity    of  ^ 
eartliy  phosphates,  I 
Ammonia,  . 
Free  aciil,  . 


Man,  28  years  of  ape, 
weiglit,  7-'  kilos.,  observa- 
tions over  8  days  {Keiner). 


In  24  hours. 


Min. 


Max. 


c.c. 
1015 


32-00 
0-69 

15-00 
3-00 
2-26 
0-26 
0-G7 


0-92 

0-  74 

1-  74 


c.c. 

21.50 
1027 


43-4 

1-  37 
19-20 

4-07 

2-  84 

0-  51 

1-  29 

1-80 

1-  01 

2-  20 


Mean. 


c.c. 
1491 
1021 


38' 
0 

16 
3 
2 
0 
0 


1-35 

0-  83 

1-  95 


Mean  of 
analyses  in 

ditferent 
individuals 

{Vogel). 


In  24  hours. 


c.c. 
1500 
1020 
1440 
60 
35 
0-75 
16 -5 
3-0 
2-0 


1-2 


0-65 
3  ] 


[Ajioonts  of  thk  Several  Uhinarv 

CONSTITDENTS  PASSED  IX  '24  HOURS  (PaikeS). 


Constituents. 


By  an  aver- 
age man  of 
6G  kilos. 


Water, 
Total  solids, 
Urea,  . 
Uric  acid,  . 
Hi])puric  acid, 
Kreatinin,  . 
Pigment  and 
substances, 
Suli)liuric  acid. 
Phosphoric  acid, 
Chlorine,  . 
Ammonia,  . 
Potassium,  . 
Sodium, 
Calcium, 
Musnesium. 


other 


grms. 

grms. 

1500-000 

23-000 

72-000 

1-100 

33-180 

0-500 

0-555 

0-0084 

0-400 

0-0060 

0-910 

0-0140 

10-300 

0-1-510 

2-012 

0-0305 

3-164 

0-0486 

7-000  (8-12) 

0-1260 

0-770 

2 -.500 

11-090 

0-2fiO 

0-207 

Per  1 
kilo,  of 

body- 
weight. 


4.  Consistence. — Normal  urine,  like  water,  is  a  freely  mobile  fluid. 

Large  quantities  of  sugar,  albumin,  or  mucus  make  it  less  mobile ;  while  the  so-called  chylous 
urine  of  warm  climates  may  be  like  a  white  jelly. 

5.  The  taste  is  a  saline  bitter,  the  odour  is  characteristic  and  aromatic. 
Ammoniacal  urine  has  the  odour  of  ammonia.    Turpentine  taken  internally  gives  rise  to  the 

odour  of  violets,  copaiba  and  cubebs  a  strongly  aromatic,  and  asparagus  an  unpleasant  odour. 
Valerian,  assafoetida,  and  castoreiim  [but  not  camphor]  also  produce  a  characteristic  odour. 
[The  odour  of  diabetic  urine  is  described  as  "sweet."] 

6.  The  reaction  of  normal  urine  is  acid,  owing  to  the  presence  of  acid  salts, 
chiefly  acid  sodic  phosphate,  which  seems  to  be  derived  from  basic  sodic  phosphate, 
owing  to  the  uric  acid,  hippuric  acid,  sul[jhuric  acid,  and  CO.2  taking  to  themselves 
part  of  the  soda,  so  that  the  phosphoric  acid  forms  an  acid  salt.  After  a  diet  of 
flesh,  acid  potassic  phosphate  is  the  cause  of  the  acidity.  That  the  urine  contains 
no  free  acid  is  proved  by  the  fact  that  it  gives  no  precipitate  with  sodic  hypo- 
sulphite {v.  Voit,  Hiippert). 

The  acid  reaction  is  increased  after  the  use  of  acids,  c.q.,  hydrochloric  and  phosphoric,  also 
by  ammoniacal  salts,  which  are  changed  within  the  body  into  nitric  acid  ;  lastly,  after 
prolonged  muscular  exertion.    The  morning  lu'ine  is  strongly  acid. 

The  urine  becomes  less  acid  or  alkaline — (1)  By  the  use  of  caustic  alkalies,  alkaline 
carbonates,  or  alkaline  salts  of  the  vegetable  acids,  the  last  being  oxidised  within  the  body 
into  carlionates.  (2)  By  the  presence  of  calcic,  or  magnesic  carbonate.  (3)  Bj"^  admixture 
witli  alkaline  blood,  or  pus.  (4)  By  removing  the  gastric  juice  through  a  gastric  fistula  (p.  246, 
Maly) ;  further,  from  one  to  three  hours  after  a  meal.  [The  reaction  of  urine  passed  during 
digestion  may  be  neutral,  or  even  alkaline.  This  is  due  either  to  the  formation  of  acid  in  the 
stomach  {Bence  Jones),  or  to  a  fixed  alkali  derived  from  the  basic  alkaline  phosphates  taken 
with  the  food  (  W.  liobei-ls).]  (5)  The  urine  is  rarely  alkaline  in  anaemia,  owing  to  a  deficiency 
of  phosphoric  and  suljihuric  acids.  [(6)  The  nature  of  the  food — vegetable  food  makes  it 
alkaline.  (7)  By  profuse  sweating.  (8)  By  absorption  of  alkaline  transudations  (blood, 
scrum).] 

[Method. — The  reaction  of  urine  is  tested  by  means  of  litmus  paper.  Normal  urine  turns 
blue  litmus  paper  red,  and  does  not  atlect  red  litmus.  An  alkaline  urine  makes  red  litmus 
paper  blue,  while  a  neutral  urine  does  not  alter  eitlier  blue  or  red  litmus  paper.]  Sometimes 
vio/ef,  litmus  paper  is  u.sed,  which  becomes  red  in  acid,  and  blue  in  alkaline  urine. 

Estimation  of  the  Acidity.— This  is  done  by  determining  the  amount  of  caustic  soda 
necessary  to  produce  a  neutral  reaction  in  100  c.c.  of  urine.  A  soda  solution,  containing  O'OOSl 
grm.  of  .soda  in  each  c.c.  is  used  ;  1  c.c.  of  this  solution  exactly  neutralises  0-0063  grrn.  oxalic 
acid.  To  the  100  c.c.  of  urine  in  a  beaker,  soda  solution  is  added,  drop  by  drop,  from  a 
graduated  burette  (fig.  251),  until  violet  litmus  paper  becomes  neither  red  nor  blue.  The 
number  of  c.c.  of  soda  solution  is  now  read  off  on  the  burette,  and  as  each  c.c.  corresponds  to 
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0-0063  gnu.  oxalic  acid,  wc  can  easil}-  calculate  the  amount  of  oxalic  acid  which  is  equivalciit 
to  the  degree  of  acidity  in  100  c.c.  of  mine.  So  tliat  the  degree  of  aciditj'  of  the  urine  is 
expressed  by  the  equivalent  amount  of  oxalic  acid,  which  is  completely  neutralised  by  the 
same  amount  of  caustic  soda. 

Urine  of  Mammals. — The  urine  of  carnivora  is  pale,  passing  into  a  golden-yellow  ;  its 
specific  gravity  is  high,  and  its  reaction  strongly  acid.  The  urine  of  herbivora  is  alkaline  ;  it 
shows  a  precipitate  of  earthy  carbonates  (hence,  it  effervesces  on  the  addition  of  an  acid),  and 
of  basic  earthy  ])hosphates.  During  hunger,  the  urine  presents  the  character  of  that  of  car- 
nivora, as  the  animal  in  this  case  practically  lives  upon  its  own  flesh  and  tissues. 

256— I.  THE  ORGANIC  CONSTITUENTS  OF  URINE.— Urea,  C0(NH^)2, 

the  diamide  of  CO^,  or  carbamid,  is  the  chief  end-product  of  the  oxidation  of  the 
nitrogenous  constituents  of  the  body.  Its  composi- 
tion is  comparatively  simple  :  1  carbonic  acid  +  2 
ammonia  -  1  water.  It  crystallises  in  silky  four- 
sided  prisms  with  oblique  ends  (rhombic  system), 
without  water  of  crystallisation  (fig.  252,  1),  if  it 
crystallises  rapidly  it  forms  delicate  white  needles. 
It  has  no  action  on  litmus,  is  odourless,  and  has  a 
weak,  bitter,  cooling  taste,  like  saltpetre ;  is  i-eadily 
soluble  in  water  and  alcohol,  but  insoluble  in  ether. 
It  is  an  isomer  of  ammonium  cyanate,  from  which  it 
may  be  prepared  by  evaporation,  whereby  the  atoms 
rearrange  themselves  (Wb/der,  1828).  It  can  be 
prepared  artificially  in  many  other  ways. 

Decomposition. — When  heated  above  120°,  it  gives  off 
ammonia  vapour,  while  a  glassy  mass  of  biuret  and  cyanic 
acid  is  left.  When  urine  undergoes  the  alkaline  fermenta- 
tion (§  263),  or  when  urea  is  treated  with  strong  mineral 
acids,  or  boiled  with  the  hydrates  of  the  alkalies,  or  super- 
heated with  water  (240°  C),  it  takes  up  two  molecules  of 
water  and  produces  ammonium  carbonate,  thus— 
CO(NH.,).,  +  2H.p  =  C0(NH40).,. 

AVhen  brought  into  relation  with  nitrous  acid,  it  splits  up 
into  water,  COg,  and  N.  The  two  last  decompositions  are 
made  the  basis  of  methods  for  the  quantitative  estimation  of 
urea  (^  257). 

Quantity. — In  normal  urine,  urea  occurs  to  the 
extent  of  2-5  to  3*2  per  cent.    An  adult  man  ex- 
cretes daily  from  30  to  40  grms.  [500  grains,  or  a 
little  over  1  oz.];  women  le.ss,  children  relatively 
more  ;  owing  to  the  relatively  greater  metabolism  in 
children,  the  unit  weight  of  body  produces 
more  urea  than  the  unit  weight  of  an  adult, 
in  the  proportion  of  1*7  :  1.   If  the  metabol- 
ism of  the  body  is  in  a  condition  of  equi- 
librium (§  236),  the  urea  excreted  contains 
almost  as  much  N  as  is  taken  in  with  the 
nitrogenous  constituents  of  the  food. 

Variations  in  the  Quantity. — The  amount 
of  urea  increases  when  the  amount  of  pro- 
teids  in  the  food  is  increased ;  and  also  when  there  is  a  more  rapid  breaking  up 
of  the  nitrogenous  tissues  of  the  body  itself.  As  this  breaking  up  is  increased 
by  diminution  of  O,  and  by  loss  of  blood,  so  these  conditions  also  increase  the 
urea  (§41)-  I*  is  also  increased  by  drinking  large  draughts  of  water,  by  various 
salts,  by  frequent  urination,  and  by  exposure  to  compressed  air.  In  diabetic 
persons,  who  eat  very  large  quantities  of  food,  it  may  exceed  100  grms.  [over  3 


Fig.  251. 
Graduated  burette. 
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ozl  per  day;  during  hunger  it  sinks  to  C'l  grms.  [90  grains]  per  day.  During 
inanition,  tlie  maximum  amount  is  excreted  towards  mid-day,  and  the  minimum  in 
the  morning.  The  daily  amount  of  urea  varies  with  the  quantity  of  urine  ;  three 
to  five  hours  after  a  meal,  the  formation  of  urea  is  at  a  maximum,  when  it  sinks 
and  reaches  its  minimum  during  the  night.  Muscular  exercise,  as  a  rule,  does 
not  increase  it  (o.  Voit,  Pick  and  Wislicenus—%  295),  but  only  when  deficiency  of 

O,  causing  dyspnoea,  occurs  at  the 
same  time  {Oirpenhehii). 


Fig.  252. 

2,  Prisms  of  pure  urea ;  3,  rhomboidal  plates  ;  4,  hexagonal  tablets 

and  plates  of  urea  nitrate. 


5,  6,  irregular  scales 


Pathological. —In  acute  febrile  inflammations,  and  in  fevers  generally  (§  22,  3),  the  urea 
increases  until  the  crisis  is  reached,  and  afterwards  it  diminishes.  After  the  fever  lias  passed 
off,  the  amount  excreted  is  often  under  the  normal.  In  some  cases  of  high  fever,  although  the 
amount  of  urea  formed  is  increased,  it  may  not  be  excreted ;  there  is  a  retention  of  the  urea, 
which,  later  on,  may  lead  to  an  increased  excretion  {Naunyn).  In  chronic  diseases,  the  amount 
depends  largely  upon  the  state  of  the  nutrition,  the  metabolism,  and  also  upon  the  degree  of 
fever  present.  Degenerative  changes  in  the  liver,  e.g.,  due  to  poisoning  with  phosphorus,  may 
be  accompanied  by  diminished  excretion  of  urea  and  increased  excretion  of  ammonia 
[Stadclmann).  It  is  increased  in  man  by  morphia,  narcotin,  narcein,  papaverin,  codein, 
thebain  {Fubiiii),  arsenic  {Giithgcus),  compounds  of  antimony,  and  small  doses  of  phosphorus 
(Bauer),  which  favour  the  decomposition  of  proteids,  and  by  substances  which  increase  the 
bile  formation  in  the  liver  {JS\  Patoii).    Quinine,  which  "  spares  "  the  proteids,  diminishes  it. 

Occurrence. — Urea  occurs  in  the  Ijlood  (1  :  10,000),  lymph,  chyle  (2  :  1000),  liver,  lymph- 
glands,  spleen,  lungs,  brain,  eye,  bile,  saliva,  amniotic  fluid,  and  pathologically  in  sweat,  e.g., 
in  cholera,  in  the  vomit  and  sweat  of  urjemic  patients,  and  in  dro])sical  fluids. 

Formation. — It  is  certain  that  it  is  the  chief  end-product  of  the  metabolism  of 
the  proteids.  Less  oxidised  products  are  uric  acid,  guanin,  xanthin,  hypoxanthin, 
alloxan,  allantoin.  Uric  acid  administered  internally  appears  in  the  urine  as  urea  ; 
alloxan  and  hypoxanthin  can  be  changed  directly  into  urea.  The  urea  excretion  is 
increased  by  the  administration  of  leucin,  glycin,  aspartic  acid,  or  ammonia  salts 
(Schulzen,  Nencki).  As  yet  it  has  not  been  definitely  determined  where  urea  is 
formed,  but  the  liver  and,  perhaps,  the  lymph  glands,  are  organs  where  it  is  pro- 
duced (§  178). 

In  birds,  the  liver  forms  uric  acid  from  ammonia.  The  liver  can  be  readily  excluded  from 
the  circulation  in  birds,  and  j\linkowski  found  that  after  this  operation  the  uric  acid  was  dimi- 
nished and  the  ammoniacal  salts  were  increased  (§  178). 

Antecedents. — During  digestion,  the  proteids  are  converted  into  leucin,  tyrosin,  glycin,  and 
aspartic  acid.  If  the  amido-acids,  glycin,  leucin,  or  aspartic  acid,  or  ammoniacal  salts,  be  given 
to  an  animal,  the  amount  of  urea  excreted  is  increased.  As  the  molecule  of  the  amido-acids 
contains  only  one  atom  of  N,  and  the  molecule  of  urea  contains  two  of  N,  it  is  probable  that 
urea  may  bo  formed  synthetically  from  these  acids.    It  is  possible  that  the  amido-acids  meet 
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with  nitrogenous  residues  in  the  juices  of  the  body,  caj.,  carbamic  acid  or  cyauic  acid.  The 
union  of  these  may  produce  urea.  According  to  Salkowski,  feeding  with  these  substances  causes 
the  breaking  up  of  the  proper  proteids  of  the  body  so  as  to  provide  the  necessary  components. 
Schmiedeberg  is  of  opinion  that  urea  is  formed  in  the  body  from  ammonia  carbonate  by  the 
removal  of  water  ;  and  v.  Scliriider  found  that,  when  he  passed  Hood  containing  ammonia  car- 
bonate through  a  fresh  liver,  the  urea  in  the  blood  was  greatly  increased.  Drechsel  succeeded 
in  producing  urea  at  ordinary  temperatures  by  the  rapid  alternating  oxidation  and  reduction  of 
a  watery  solution  of  ammonia  carbonate.  [We  know  that  the  greater  part  of  the  urea  exists  in 
the  blood,  and  that  the  renal  epithelium  removes  it  from  the  blood.  Although  it  is  surmised 
that  some  of  the  nitrogenous  bodies  named  above,  more  especially  leucin,  and  perhaps  also 
kreatin,  are  the  precursors  of  urea,  yet  we  cannot  say  detinitely  how  or  where  the  transformation 
takes  place.    Perhaps  this  is  effected  in  the  liver,  and,  it  may  be,  also  in  the  spleen  (§  193).] 

Preparation.— Urea  may  be  prepared  from  dog's  urine  (especially  after  a  diet  of  Hesli)  by 
evaporating  it  to  a  syrupy  consistence,  extracting  it  with  alcohol,  and  again  evaporating  the 
filtrate  to  a  syrupy  consistence.  The  crystals  which 
separate  are  washed  with  water  to  remove  any  extractives 
that  may  be  mixed  with  them,  and  dissolved  in  absolute 
alcohol.  It  is  then  filtered  and  allowed  to  crystallise 
slowly.  Or,  human  urine  may  be  evaporated  to  one-sixth 
of  its  volume  and  cooled  to  0°,  and  excess  of  strong  nitric 
acid  added,  which  precipitates  urea  nitrate  mixed  with 
colouring-matter.  This  precipitate  is  pressed  in  blotting- 
paper,  then  dissolved  in  boiling  water  containing  animal 
charcoal,  and  hltered  while  hot.  When  it  cools,  colourless 
crystals  of  urea  nitrate  separate  (tig.  252).  These  crystals 
are  redissolved  in  warm  water,  and  barium  carbonate  added 
until  effervescence  ceases  ;  urea  and  barium  carbonate  are 

formed.    Evaporate  to  dryness,  extract  with   absolute  „.  „.„ 

alcohol,  filter,  and  allow  evaporation  to  take  place,  when  ' 
urea  separates.  Perfect  crystals  of  oxalate  of  urea. 

Compounds  of  ITrea. — Urea  combines  with  acids,  bases,  and  salts.  The  follow- 
ing are  the  most  important  combinations  : — 

1.  Urea  nitrate  (CH4N0O,  HNO:,)  is  easily  soluble  in  water,  and  not  so  soluble  in  water  con- 
taining nitric  acid.  It  forms  characteristic  rhombic  crystals  (fig.  252,  3,  4,  5,  6).  Sometimes 
the  formation  of  these  crystals  is  used  to  determine  microscopically  the  presence  of  urea  in  a  fluid. 
If  a  fluid  is  suspected  to  contain  minute  traces  of  urea,  it  is  concentrated  and  a  drop  of  the  fluid 
is  put  on  a  microscopic  slide.  A  thread  is  placed  in  the  fluid,  and  the  whole  is  covered  with  a 
cover-glass.  A  drop  of  concentrated  nitric  acid  is  allowed  to  flow  under  the  cover-glass,  and  after 
a  time  crystals  of  urea  nitrate  adhering  to  the  thread  may  be  detected  with  the  nucroscope. 

2.  Urea  oxalate  (CHjN.jO).,,  C._.Ho04  +  HjO,  is  made  by  mixing  a  concentrated  solution  of 
urea  with  oxalic  acid.  The  crystals  form  groups  of  rhombic  tables,  often  of  irregular  shape. 
It  is  only  slightly  soluble  in  cold  water,  and  still  less  so  in  alcohol  (fig.  253). 

3.  Urea  phosphate  (CHjN.jO,  H:,P04),  forms  large,  glancing,  rhombic  crystals,  very  easily 
soluble  in  water.    It  is  obtained  by  evaporating  the  urine  of  pigs  fed  on  dough. 

4.  Sodic  chloride  4- urea  (CH4N2O,  NaCl-fH.iO)  forms  rhombic,  shining  prisms,  which  are 
sometimes  deposited  in  evaporated  human  urine. 

5.  Urea  +  mercuric  nitrate  is  obtained  as  a  white  cheesy  precipitate,  when  mercuric  nitrate 
is  added  to  a  solution  of  urea.  Liebig's  titration  method  for  urea  depends  on  this  reaction 
(§  257,  II.). 

257-  QUALITATIVE  AND  QUANTITATIVE  ESTIMATION  OF  UREA.— I.  The  qualita- 
tive Estimation  of  Urea. — (1)  It  may  he  isolated  as  such.  album  in  be  present,  add  to  the 
fluid  three  or  four  times  its  volume  of  alcohol,  and,  after  several  hours,  filter.  Evaporate 
the  filtrate  over  a  water-bath,  and  dissolve  the  residue  in  a  few  drojis  of  water. 

(2)  The  crystals  of  urea  nitrate  may  be  detected  microscopically  (fig.  252). 

II.  Quantitative  Estimation.— (1)  Sodic  hypobromite  decomposes  urea  into  CO.,,  H.^O,  and  N. 
On  this  reaction  depends  the  Knop-Hiifner  method  of  quantitative  estimation.  The  N  rises  in 
the  form  of  small  bubbles  in  the  mixed  fluid,  while  the  CO.  is  absorbed  by  the  caustic  soda. 
[The  reaction  is  the  following  :— 

N.3H4CO  4-  3NaBrO  =  3NaBr  +  CO.^  +  2R^0  +  N. 
The  nitrogen  is  collected  and  estimated  in  a  graduated  tube,  and  the  amount  of  urea  calculated 
from  the  volume  of  nitrogen.    The  uric  acid  is  also  decomposed,  but  that  can  be  estimated 
separately  and  a  correction  made.    We  may  use  the  apparatus  of  Russell  and  West,  or  Dupre, 
or  that  oif  Charteris  (fig.  254).]  tt.^  ■ 

[Ureameter.— Make  a  solution  of  hypobromite  of  soda  by  nuxmg  100  grammes  NaHO  m  250 
c  c,  of  water,  and  addiug  25  c.c.  of  bromine.    It  is  better  to  be  made  fresh,  as  it  decomposes  by 
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The  graduated  tube  is  placed  in  a  cylindrical  vessel,  filled  with  water,  and  deiiressed 


until    LliU  £jX^L\J    Vll    l/iiv  i>A^^     *v  .  VI.  »^iiv   

hypobroniite  solution  into  the  pyramidal-shaped  bottle,  while  into  a  short  test- 
5  c.c.  of  urine.    The  test-tube  with  the  urine  is  introduced  into  the  bottle  by 


socc 


keeping.   „   ,  „  ,  .  _  . 

until  the  zero  on  the  tubes  coincides  with  the  level  of  the  water.    Introduce  15  c.c.  of  the 

short  test-tube  are  ]daced 
means  of  a  pair 

of  forceps  in  such  a  way  that  it  does  not  spill.  Close  the  bottle  tightly  with  the  caoutchouc 
stopper,  through  which  pas.ses  a  glass  tube  to  connect  it  with  the  graduated  burette.  Incline 
the  bottle  so  as  to  allow  the  urine  to  mix  with  the  hypobromite  solution  when  the  gases  are 
given  otf,  and  pass  into  the  collecting  tube,  which  is  gradually  raisetl  until  the  surfaces  of 
the  liquids,  outside  and  in,  coincide.  Time  should  be  allowed  to  permit  the  whole  apparatus 
to  have  the  same  temperature.  Read  off  the  amount  of  gas  N  evolved,  for  the  C0._,  is  absorbed 
by  the  caustic  soda.  The  collecting  tube  is  usually  graduated  beforehand,  so  that  each  division 
of  the  tube  is  =  0*l  per  cent,  of  urea,  or  0*44  gr.  per  fluid  oz.  Thus,  suppo.se  that  50  oz.  of  urine 
are  passed  in  twenty-four  hours,  and  that  5  c.c.  of  urine  evolve  18  measures  of  N,  then 
0'44  X  18  X  50  =  396  grs.  of  urea.  If,  however,  the  tube  be  graduated  into 
c.c,  then  30 '3  c.c.  of  N  =  0'1  grm.  of  urea  at  the  ordinary  temperature  and 
pressure.  ] 

in.  Volumetric  Method  (Liehig). — By  means  of  a  graduated  pipette 
(fig.  255),  40  cubic  centimetres  of  the  urine  are  placed  in  a  beaker  ;  add 
20  cubic  centimetres  of  barium  mixture  to  precipitate  the  sulphuric  and 
phosphoric  acids.  The  barium  mixture  consists  of  1  vol. 
of  a  cold  saturated  solution  of  barium  nitrate  and  2  vols,  of 
a  cold  saturated  solution  of  barium  hydrate.  Filter  through 
a  dry  filter,  and  take  15  cubic  centimetres  of  the  filtrate, 
ivJdch  corrcsjjoiul  to  IQ  c.c.  of  urine,  and  place  in  a  beaker. 
Allow  a  titrated  standard  solution  of  mercuric  nitrate  to 
drop  from  a  burette  into  the  urine  until  a  precipitate  no 

longer  occurs.  The  mercuric  nitrate 
is  made  of  such  a  strength  that  1 
cubic  centimetre  of  it  will  combine 
with  10  milligrammes  of  urea.  Test 
a  drop  of  the  mixture  from  time  to 
time  in  a  watch-glass  or  ])iece  of 
glass  blackened  on  its  under  sur- 
face, with  a  solution  of  sodic  car- 
bonate, which  is  called  the  indicator. 
Whenever  the  slightest  excess  of 
mercuric  nitrate  is  added,  the  mix- 
ture strikes  a  yellov:  colour  with  the 
.soda.  The  standard  solution  must 
lie  added  drop  by  drop  until  this 
result  is  obtained.  Read  off  the 
number  of  cubic  centimetres  of  the  standard  solution  used  ;  as  each  centimetre 
corresponds  to  10  milligrammes  of  urea,  multiply  by  ten,  and  the  amount  of  urea 
in  10  cubic  centimetres  of  urine  is  obtained. 

This  method  does  not  give  quite  accurate  results  even  in  normal  urine.  To 
urine  containing  much  phosphates  is  added  an  equal  volume  of  the  bariuju  mix- 
ture. Very  acid  urines  may  require  several  volumes  to  be  added.  Urine  contain- 
ing albumin  or  blood  must  be  boiled,  after  the  addition  of  a  few  drops  of  acetic 
acid,  to  remove  the  albumin.  The  sodic  chloride  in  the  urine  also  interferes  with 
the  accuracy  of  the  process,  as  on  adding  mercuric  nitrate  to  urine,  mercuric 
chloride  and  sodic  nitrate  are  formed,  so  that  the  urea  does  not  combine  until 
the  sodic  chloride  is  decomposed.  When  the  urine  contains,  as  is  usually  the 
case,  1  to  li  per  cent.  NaCl,  deduct  2  c.c.  from  the  number  of  c.c.  of  the  S.S. 
added  to  10  c.c.  of  urine. 

Estimation  of  the  total  N  in  Urine. — Pfliiger 
following  modification  of  the  method  of  Kjddahl. 

concentration  are  allowed  to  flow  from  a  burette  into  Erleumeyer's  flask,  capable 
of  containing  about  300  c.c,  and  to  it  are  added  20  c.c.  of  concentrated  sulphuric 
acid.  The  whole  is  boiled  until  all  the  water  and  gases  are  driven  off.  The  fluid  at  first 
becomes  black  from  the  action  of  the  sulphuric  acid,  but  when  it  has  become  of  brownish  tone 
lessen  the  heat  of  the  Bunsen  burner.  About  half  an  hour  suffices  to  heat  it,  when  the  fluid  at 
last  becomes  bright  yellow.  Allow  it  to  cool,  dilute  it  with  water  to  200  c  c  and  place  the 
whole  in  a  flask,  add  80  c.c.  of  caustic  soda  (S.9.  1-3),  cork  the  flask  as  quickly  as  possible  and 
distil  Its  contciits.  The  distillate  must  pass  over  into  sulphuric  acid,  which  must  be  titrated 
beforehand.  The  .piantity  of  sulphuric  acid  not  combined  with  ammonia  must  be  estimated  bv 
titration  with  caustic  soda. 

To  10  c.c  of  the  urine  add  from 


Fig.  254. 
Ureameter  of  Charteris. 


and  Bohland  recommend  the 
Five  c.c.  of  a  urine  of  medium 


Fig.  255. 

Graduated 
pipette. 


The  N  in  the  Urine  may  be  estimated  approximately  thus. 
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a  burette  Licbig's  merciiric  nitrate  solution,  and  test  the  mixture  in  a  black  glass  plate  with 
dry  sodic  bicarbonate  until  a  yellow  speck  remains.  Multiply  the  number  of  c.c.  of  the  burette 
fluid  used  by  O'Oi  [PjUiger  and  Bohlavd). 

258.  URIC  ACID  =  CjH^N^Oj  is  the  nitrogenous  substance  which,  next  tn 

urea,  carries  off  most  of  the  N  from  the  body  ;  in  twenty-four  hours  0-5  grm.  (7 

to  10  grains);  during  hunger,  0-2-i  grm.  (4  grains);  after  a  strongly  animal  diet, 

2-11  grm.  (30  to  35  grains)  are  excreted.    The  proportion  of  urea  to  uric  acid  is 

45  :  1.    If  a  mammal  be  fed  with  uric  acid,  part  of  it  becomes  more  highly  oxidised 

into  urea,  while  the  oxalic  acid  in  the  urine  is  also  increased  (§  260);  in  fowls, 

feeding  with  leucin,  glycin,  or  aspartic  acid  {i\  Knieriem),  or  ammonia  carbonate 

(Schroeder),  increases  the  amount  of  uric  acid.    When  urea  is  administered  to  fowls, 

it  is  reduced  chiefly  to  uric  acid. 

It  is  the  chief  nitrogenous  product  in  the  urine  of  birds,  reptiles,  and  insects,  while  it  is 
absent  from  herbivorous  urine. 

Properties.  — It  is  dibasic,  colourless,  and  crystallises  in  various  forms  (figs.  256 
and  257),  belonging  to  the  rhombic  system  (1).  When  the  angles  are  rounded,  the 
whetstone  form  (2)  is  produced,  and  if  the  long  surfaces  be  flattened,  six-sided  tables 
occur.  Not  unfrequently  diabetic  urine  deposits  spontaneously,  large,  yellow, 
transparent  rosettes  (6,  8).  If  20  c.c.  of  HCl,  or  acetic  acid,  be  added  to  1  litre  of 
urine,  crystals  (9)  are  deposited,  like  cayenne  pepper,  on  the  surface  and  sides  of 
the  glass,  after  several  hours.  [The  HCl  decomposes  the  urates,  and  liberates  the 
acid,  which  does  not  crystallise  at  once,  owing  to  the  presence  of  the  phosphates  in 
the  urine.  Crystals  of  uric  acid  are  usually  yellowish  in  colour  from  the  pigment 
of  the  urine,  and 
they  are  soluble  ^  ^  j 
in  caustic  pot- 
ash.] 

Solubility.— It  is 

tasteless  and  odour- 
less ;  reddens  lit- 
mus ;  is  soluble  in 
18,000  parts  of  cold 
and  in  15,000  of 
boiling  water,  and 
insoluble  in  alcohol 
and  ether.  Hor- 
baczewski  prepared 
it  synthetically  by 
melting  together 
glycin,  or,  as  it  is 
also  called,  glyco- 
cin,  and  urea.  It 
is  freely  soluble  in 
alkaline  carbonates, 
borates,  phosphates, 
lactates,    and  ace- 

?he''%anrVml%SFo™sof  micacid^    1,  Rhombic  plates  ;  2,  whetstone  forms  : 
mnvin  "  a  mit  of    ^^vms  ;  4,  5,  prolonged  into  points  ;  6,  8,  rosettes  ;  7,  pointed  bundles; 
thebas°e  -thiis,  there     9.  barrel  forms  precipitated  by  adding  hydrochloric  acid  to  urine, 
arc  formed  ac'id  urates  and  acid  salts  from  the  neutral  salts.    It  is  soluble  in  concentrated  sul- 
i)huric  acid,  from  which  it  may  be  precipitated  by  the  addition  of  water.  . ,  ,  . 

Decomposition.— During  dry  distillation  it  decomposes  into  urea,  cyanuric  acid,  hydrocyanic 
acid,  and  ammonium  carbonate.  Superoxide  of  lead  converts  it  into  urea,  allantoin,  oxalic 
acid,'  and  CO.,  ;  while  ozone  forms  the  same  sul»stances,  with  the  adilition  of  alloxan.  When  it 
is  reduced  by'H  in  statu  nasecndi,  as  by  sodium  amalgam,  it  forms  xanthin  and  sarkin.  It  is 
a  less  oxidised  metabolic  product  than  urea,  but  it  is  by  no  means  proved  that  uric  acid  is  a 
precursor  of  urea. 

Occurrence.— Uric  acid  occurs  dissolved  in  the  urine  in  the  form  of  acid  urates 
of  soda  and  potash.    These  salts  occur  also  in  urinary  calculi,  gravel,  and  in  gouty 
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deposits.  Ammonium  urate  occurs  in  very  small  quantity  in  a  deposit  of  "urates," 
but  is  formed  in  considerable  amount  when  urine  becomes  amnioniacal  from  decom- 
position (fig.  261).  Free  uric  aaV^  occurs  in  normal  urine  only  in  the  very  smallest 
amount.  It  is  sometimes  deposited  after  a  time  (fig.  260).  It  frequently  forms- 
urinary  calculi  and  gravel. 

The  mine  of  iie\vlj--born  children  contains  much  uric  acid.  Uric  acid  and  its  salts  are 
increased  after  severe  muscular  exertion,  accompanied  by  perspiration,  in  catarrlial  and  rheu- 
matic fevers,  and  such  conditions  as  are  accomjianied  by  disturbance  of  the  respiration ;  in 
leukiemia  and  tumours  of  the  spleen,  cirrhotic  liver,  and  generally  in  cases  of  catarrh  of  the 
stomach  and  intestinal  tract,  Ibllowing  the  excessive  use  of  alcohol.  [It  is  also  increased 
during  ague  and  fevers,  and  perhaps  this  has  some  relation  to  the  congestion  of  the  spleen  which 
accompanies  these  conditions.]  It  is  diminished  after  copious  draughts  of  water,  after  large 
doses  of  quinine,  calfein,  potassic  iodide,  common  salt,  sodic  and  lithic  carbonates,  sodic  sul- 
phate, inhalation  of  0,  slight  muscular  exertion.  In  gout,  the  amount  excreted  in  the  urine 
is  small.  In  chronic  tumours  of  the  spleen,  auiemia,  and  chlorosis,  when  the  respiration  is  not 
at  the  same  time  embarrassed,  it  is  also  diminished. 

Urates. — Uric  acid  forms  salts — chiefly  add  urates — with  several  bases,  which 
dissolve  with  difficulty  in  cold  water,  but  are  easily  soluble  in  warm  water.  Neutral 
urates  are  changed  by  CO.,  into  acid  salts.  Hydrochloric  and  acetic  acids  break 
up  the  compounds,  and  crystals  of  uric  acid  separate. 

(1)  Acid  sodic  urate  usually  appears  as  a  brick-red  deposit  in  urine  ;  more  rarely  grey  or 
white  (lateritious  deposit),  tinged  with  uroerythrin,  in  catarrhal  conditions  of  the  digestive 
organs,  and  in  rheumatic  and  febrile  affections.  Microscopically,  it  is  completelj'  amorphous, 
consisting  of  granules,  sometimes  disposed  in  groups  (fig.  260,  h) — sometimes  the  granules  have 
spines  on  them.  The  corresponding  potash  salt  occurs  not  unfrequently  under  the  same  con- 
ditions, and  presents  the  same  characters. 

(2)  Acid  ammonium  urate  (fig.  261,  a)  always  occurs  as  a  sediment  in  amnioniacal  urine, 
either  with  (1),  or  mixed  with  free  uric  acid,  accompanied  by  triple  phosphate.  Microscopicallj', 
it  is  the  same  as  (1).  (1)  and  (2)  arc  distingvishcd  by  the  sediment  dissolvUui  ivhen  the  iirinc  is 
heated.  If  a  droyj  of  hydrochloric  acid  be  added  to  a  microscopic  preparation  of  the  sediment, 
crystals  of  uric  acid  separate. 

(3)  Acid  calcic  urate  occurs  sometimes  in  calculi,  and  is  a  white,  amorphous  powder  slightly 
soluble  in  water.  When  heated  on  platinum  it  leaves  an  ash  of  calcium  carbonate.  Magnesium 
urate  rarely  occurs  in  urinary  calculi. 

259.  ESTIMATION  OF  URIC  ACID.— I.  aualitative.— 1.  Microscopic  Char- 
acters.— The  appearances  presented  by  uric  acid  and  its  salts  under  the  microscope. 
It  is  deposited  from  urine  after  several  hours,  on  adding  acetic  or  hydrochloric  acid. 

2.  Murexide  Test. — Gently  heat  a  urate  or  uric  acid  in  a  porcelain  vessel  along 
with  nitric  acid.  Decomposition  takes  place  and  the  colour  changes  to  yellow.  N 
and  COg  are  given  off ;  urea  and  alloxan  (C^HoNoO^)  remain.  Evaporate  slowly 
and  allow  the  yellowish-red  stain  to  cool ;  on  adding  a  drop  of  dilute  ammonia  a 
ptirpliish-red  colour  of  murexide  is  obtained,  it  becomes  blue  on  the  addition  of  caustic 
potash.    If  potash  or  soda  be  added  instead  of  ammonia,  a  violet  colour  is  obtained. 

3.  Schifif's  Test.— Dissolve  uric  acid  or  a  urate  in  a  solution  of  an  alkaline  carbonate,  and 
drop  it  upon  blotting-paper  saturated  with  a  solution  of  silve7-  nitrate,  reduction  of  the  silver 
takes  place  at  once,  and  a  black  spot  is  formed. 

4.  On  boiling  a  solution  of  uric  acid  or  a  urate  in  an  alkali,  with  Fehling's  solution  (§  149,  2),  at 
first  white  urate  of  the  suboxide  of  co]iper  is  deposited,  while  later,  red  copper  suboxide  is  formed. 

II.  Quantitative  Estimation. —Add  5  cubic  centimetres  of  concentrated  HCl  to  100  c.c.  of 
urine,  and  allow  it  to  stand  for  forty-eight  hours  in  the  dark,  when  the  uric  acid  is  precipitated 
like  line  cayenne  pepper  crystals.  All  the  uric  acid  is  not  precipitated  by  the  HCl,  even  after 
standing  for  a  time.  [E.  A.  Cook  uses  sulphate  of  zinc  to  precipitate  the  uric  acid  as  urate  of 
zinc.  Caustic  soda  is  added  to  precipitate  the  phosphates,  and  then  to  the  clear  fluid  zinc  sul- 
phate solution,  which  precipitates  urate  of  zinc  as  a  white  gelatinous  deposit,] 

Fokker-Salkowski  Method.— Make  200  c.c.  of  urine  strongly  alkaline  with  sodic  carbonate, 
and  after  an  hour  add  200  c.c.  of  a  concentrated  solution  of  ammonium  chloride,  whereby  acid 
urate  of  ammonium  is  precipitated.  After  forty-eight  hours  filter,  through  a  small  wei<dicd 
filter,  and  wash  it  several  times.  Fill  the  filter  with  dilute  HCl  and  collect  the  filtrate.  Do'^this 
until  all  the  acid  urate  is  dissolved.  From  the  total  filtrate  after  a  time  all  the  uric  acid  separates 
It  is  collected  in  the  same  filter,  washed  with  water  and  alcohol  until  the  acid  reaction  dis- 
appears, dried  at  100'  C.  and  weighed.    To  the  weight  in  excess  of  the  filter  add  0  -030  c^rm. 


KREATINIX  AND  OTHER  SUBSTANCES. 


401 


C-l 


260.  KREATININ  AND  OTHER  SUBSTANCES.— Kreatinin  CH^NgO^  is 
derived  i'rom  the  kreatin  ot  muscle  by  the  removal  of  a  molecule  of  water,  and  partly 
from  flesh  food.  The  quantity  excreted  daily  is  0-G  to  1-3  gramme  (8  to  18 
grains). 

It  is  diminished  in  progressive  muscular  atrophy,  tetanus,  anemia,  marasmus,  chlorosis, 
consumption,  paralysis  ;  and  is  increased  in  typluis,  iuHannnation  of  the  lung ;  it  is  absent 
from  the  urine  of  sucklings. 

Properties.— Kreatinin  is  alk;ilkic,  easily  soluble  in  water  and  hot  alcohol.  It  forms  colour- 
less obliipie  rhombic  colunuis  ;  unites  witli  acids  and  salts,  silver  nitrate,  mercuric  chloride, 
and  especially  with  ::im  chloride.  Kreatinin-zinc  chloride  (fig.  257)  is  usetl  to  detect  its  pres- 
ence. Weyl's  Test.— Add  to  urine  a  lew  drojis  of  a  slightly  brownisli  solution  ot  nitro-prusside 
of  soda,  and  then  weak  caustic  soda  solution,  producing  a  liurgundy-red  colour,  which  soon 
disappears.  When  heated  with  glacial  acetic  acid,  the  colour  changes  to  green,  which  after  a 
time  changes  to  blue  {Halkowski).  [The  blue  colour— lierlin  blue— is  due  to  the  formation  of  an 
iron-salt  ferro-cyanide  of  sodium  from  the  decomposition  of  the  nitro-prusside.  The  reaction 
also  succeeds  with  formic  acid— instead  of  glacial  acetic  acid— if  some  time  be  allowed  to  elapse 
after  Weyl's  reaction.] 

Xanthin  =  C3H4N4O.,  occui-s  only  to  the  amount  of  1  gramme  in  300  kilos,  of  urine.  It  is  a 
substance  intermediate  between  sarkin 
and  uric  acid.  Guanin  and  hypoxan- 
thiu  may  be  changed  into  xanthin  ;  in 
contact  with  water  and  ferments  it  passes 
into  uric  acid.  When  evaporated  with  ^ 
nitric  acid,  it  gives  a  yellow  stain,  which 
becomes  j'ellowish-red  on  adding  potash, 
and  violet-red  on  applying  more  heat. 
It  is  an  amorphous,  yellowish-white 
powder,  fairly  soluble  in  boiling  water. 
It  has  also  been  found  in  traces  iu 
muscles,  brain,  liver,  sideen,  pancreas, 
and  thymus.  The  crystalline  body 
paraxanthin  (dimethylxanthiu)  and  the 
amorphous  heteroxanthin  (methylxan- 
thin)  occur  in  traces  in  the  mine  {Salo- 
mon). 

Sarkin  or  Hypoxanthin,  C,H4!N'40. — 
As  yet  this  substance  has  been  found 
only  in  the  urine  of  leukemic  patients 
{Jakuhasch),  and  it  has  been  prepared 
in  the  form  of  needles  or  flattened  .scales 
from  muscle,  spleen,  thymus,  brain, 

bone,  liver,  and  kidney.     In  5io/v>i«?  ,-„„„.....,„  ^  1. 1„       i  „  ,.  , 

.   '    ,  1      1  i  1  <.      ,  1    ^„  Kreatmm-zinc  chloride,   a,  balls  with  radiatmg  marks : 

urme  a  body  nearly  related  to,  and  pos-         ;   „     *  n-    1  <■  j.  r  111 

.,,  ,         V.  fi  •         ..  6,  crystallised  from  water       from  alcohol, 

.sibly  identical  with,  hypoxanthin  occurs  '     '  '  ' 

{E.  Salkoicski).  Hypoxanthin  closely  resemldes  xanthin,  and  can  be  changed  into  it  by  oxida- 
tion. Kascent  hydrogen,  on  the  other  hand,  reduces  uric  acid  to  xanthin  and  hypoxanthin. 
When  evajiorated  with  nitric  acid  it  gives  a  light  yellow  stain,  which  becomes  deeper,  "out  not 
reddish -yellow,  on  adding  caustic  soda.  It  is  more  easily  soluble  in  water  tiian  xanthin,  and 
by  this  means  the  two  substances  can  be  separated  from  each  other.  Guanin  is  insoluble  in 
water. 

Oxaluric  acid  (C.jH4N._,04)  occurs  in  vei-ij  small  quantity  combined  with  ammonia  in  urine. 
Physiologically,  it  is  interesting  on  account  of  its  relation  to  uric  acid.  It  is  a  white  powder 
slightly  soluble  in  water.    Ammonia  oxalurate  can  be  prepared  from  uric  acid. 

Oxalic  Acid  (C.,H.,Oj)  occurs,  but  not  constantly,  to  the  amount  of  20  milli- 
grammes daily  as  oxalate  of  lime,  which  is  known  by  the  "  envelope  "  shape  of 
the  crystals  (fig.  258)  ;  insoluble  in  acetic  acid,  and  forming  transparent  octahedra. 
More  rarely  it  assumes  a  biscuit  or  sand-glass  form.  The  genetic  relation  of  oxalic 
acid  to  uric  acid  is  shown  by  the  fact,  that  dogs  fed  with  uric  acid  excrete  much 
oxalate  of  lime.  Oxalic  acid  may  also  be  produced  by  the  oxidation  of  products 
derived  from  the  fatty  acid  series  (p.  381). 

Oxaluria. — The  eating  of  substances  containing  oxalate  of  lime  (rhubarb)  increases  the  excretion. 
Increased  excretion  is  called  oxaluria  ;  it  is  regarded  as  a  sign  of  retarded  metabolism  {Bcnckc), 
and  it  may  give  rise  to  the  formation  of  a  calculus.    In  oxaluria  the  uric  acid  is  also  often  in- 
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Fig.  2.58. 


Oxalate  of  lime.  «,  h,  octa 
liedra ;  c,  compound  forms 
rf,  dumb-bells. 


rrPasPd  in  amount     Perhaps,  in  the  first  instance,  there  is  an  increased  formation  of  uric  acid 
Lnrwhich  Sc  acid,  ui4,  and  CO.,  may  be  formed.    The  amount  of  oxalic  acid  is  increased 
after  the  use  of  wine  and  sodic  bicarbonate. 

HiDDuric  Acid  =  a,HoN03  (Benzoylamidoacetic  acid)  occurs  in  large  amount  in 
the  urine  of  herbivora,  and  in  them  is  the  chief  end-product  of  the  metabolism  of 
nitro^^enous  substances;  in  human  urine  the  daily  quantity  is  small,  0-3  to  6h 

grms.  (5  to  50  grains).  It  is  an  odourless  monobasic 
acid  with  a  bitter  taste,  crystallising  in  colourless  four- 
sided  prisms  (fig.  259).  Readily  soluble  in  alcohol,  and 
soluble  in  600  parts  of  water. 

[Crystals  of  hippnrie  acid  when  heated  in  a  test-tube  are  decom- 
posed, and  a  sublimate  of  benzoic  acid  and  amnionic  beuzoate 
condenses  on  the  upper  cool  part  of  the  tube,  while  there  is  an 
odour  of  new  hay,  and  oily  drops  remain  in  the  tube.] 

It  is  a  conjugated  acid,  and  is  formed  in  the  body  from 
benzoic  acidj  or  some  nearly  related  chemical  body,  .such 
as  the  cuticular  substance  of  plants,  or  from  oil  of  bitter 
almonds,  cinnamic  or  chinic  acid,  which  easily  pass  by 
reduction  (chinic  acid)  or  by  oxidation  (cinnamic  acid)  into  benzoic  acid ;  glycin 
uniting  with  it,  with  the  formation  of  water — 

C-H,0.,  +C2H,N02=  C,H,N03  +  H.,0 

Benzoic  acici    +      Glycin      -=    Hippuric  acid   -t-  AVater. 

[Formation.  When  benzoic  acid  is  introduced  into  the  alimentary  canal  of  an 

animal  (rabbit  or  dog),  it  appears  in  the  urine  as  hippuric  acid ;  while  nitro-benzoic 

acid  appears  as  nitro-hippuric  acid. 
As  the  benzoic  acid  passes  through 
the  body,  it  becomes  conjugated  with 
glycin  or  glycocin,  chiefly  in  the  kid- 
neys.   The  hippuric  acid  in  the  urine 
of  herbivora  is  chiefly  derived  from 
some  substance  with  a  benzoic  acid 
residue  present  in  the  cuticular  cover- 
ings of  the  food.    That  hippuric  acid, 
in  part  at  least,  is  formed  in  the 
kidneys  is  shown  by  the  following 
considerations  : — If  arterialised  blood, 
containing  benzoic  acid  and  glycin,  or 
even  benzoic  acid  alone,  be  passed 
through  the  blood-vessels  of  a  fresh, 
living,  excised  kidney,  hippuric  acid 
is  found  in  the  blood  after  it  is  per- 
fused.   Even  after  forty-eight  hours, 
if  the  kidney  be  kept  cool,  the  syn- 
thesis takes  place.    If  the  kidney  be 
kept  too  long,  the  conjugation  does 
If  the  fresh  kidney  be  chopped  up,  and  kept  at  the  temperature  of 
benzoic  acid  and  glycin,  hippuric  acid  is  formed.    Oxygen  seems  to 


Fi£(.  259. 
Hippuric  Acid. 


not  take  place, 
the  body  with 

be  necessary  for  the  process,  for,  if  blood  or  serum  containing  carbonic  oxide  be  used, 
there  is  no  formation  of  hippuric  acid.] 

According  to  this  view,  it  is  derived  chiefly  from  the  food  of  herbivorous  animals,  and  hence 
it  is  absent  from  the  urine  of  sucking  calves,  as  well  as  after  feeding  with  grain  devoid  of  husk. 
But  it  is  also  formed  in  the  body  from  the  i)roteids.  In  the  dog,  the  formation  of  hi^jpuric  acid 
occurs  in  the  kidney  {Schviicdchcrg  and  Bunge),  and  in  the  frog  also  outside  the  kidney.  Kiihne 
and  Hallwachs  thought  it  was  formed  in  the  liver,  and  Jaarsveld  and  Stockvis  in  the  kidney, 
liver,  and  intestine.    The  observation  of  Salomon  that,  after  excision  of  the  kidneys  in  rabbits, 
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and  injection  of  benzoic  acid  into  the  bloo.l,  hippuric  acid  was  found  in  the  muscles,  blood,  and 
liver,  soes  to  show  that  it  must  be  foiinetl  iu  other  organs  beside  the  kidneys.  The  power  of 
changing  benzoic  acid  introduced  into  the  human  bodj',  into  hippuric  acid,  may  even  be 
abulished  in  disease  of  the  kidney.  Under  certain  circumstances  it  seems  tliat  liii)puric  acid, 
already  formed,  may  be  again  decomposed  in  tlie  tissues. 

It  is  greatly  increased  after  eating  pears,  plums,  and  cranberries  ;  in  icterus,  some  liver 
attections,  and  in  diabetes.  When  boiled  with  strong  acid  or  alkalies,  or  with  putrid  substances, 
it  takes  up  H.^O  and  splits  into  benzoic  acid  and  "lycin. 

Preparation. —Add  milk  of  lime  to  the//-cs/i  urine  of  horses  or  cows  to  form  calcic  hippurate. 
Filter,  evaporate  the  filtrate  to  a  small  bulk,  and  precipitate  the  hippuric  acid  with  excess  of 
hydrochloric  acid.  To  purify  the  hippuric  aciJ,  crystallise  it  several  times  from  a  hot  watery 
solution. 

Cyniiric  Acid.— C.,oH,iN.,0«  +  HoO  occurs  in  the  urine  of  dogs  {J.  v.  Liebuj). 
Allantoin,  C^H,;N^O.,,  which  occurs  in  the  amniotic  fluid  of  the  cow,  is  found  in 
minute  traces  in  normal  urine  after  flesh  food,  and  is  more  abundant  during  the 
first  weeks  of  life,  and  during  pregnancy. 

After  large  doses  of  tannic  acid,  the  amount  is  increased  {Schottin),  while  in  dogs  feeding  with 
uric  acid  also  increases  it  {Salkoicski). 

Properties.- It  forms  shining,  prismatic  crystals  ;  from  the  urine  of  sucking  calves  it 
crystallises  in  transparent  prisms.  It  is  decomposed  by  ferments  into  urea,  ammonium  oxalate, 
and  carbonate,  and  another  as  yet  unknown  body.  Preparation— («)  the  urine  is  precipitated 
with  basic  lead  acetate,  the  lead  in  the  filtrate  is  removed  by  sulphuretted  hydrogen,  and  the 
filtrate  itself  is  then  evaporated  to  a  syrup,  from  wliich  the  crystals  separate,  after  standing 
for  several  days.  They  are  then  washed  with  water,  and  recrystallised  from  the  water 
{Salkoicski). 

261.  COLOURING-MATTERS  OF  THE  URINE.— 1.  Urobilin  is  most 
abundant  in  the  highly  coloured  urine  of  fevers,  but  it  also  occurs  in  normal  urine 
(J({fr).  It  is  identical  with  the  hydrobilirubin  of  Maly  117,  3,  </).  It  is  a  de- 
rivative of  hiematin,  which  also  yields  the  bile-pir/ments  {§  177).  It  gives  a  red,  or 
reddish-yell oiv  colour  to  urine,  wliich  becomes  yellow  on  the  addition  of  ammonia. 

[MacMunn,  chiefly  from  spectroscopic  oliservations,  finds  that  two  entirely  difl'erent  substances 
have  been  included  under  the  name  of  "  urobilin,"  viz.,  that  of  normal  and  that  of  pathological 
urine,  and  that  hydrobilirubin  is  not  identical  with  either.  The  pathological  urobilin  seems 
to  be  closely  connected  with  stercobilin  (§  18.5).] 

Preparation. — Prepare  a  chloroform  extract  of  urine  containing  urobilin— add  iodine  to  the 
extract,  and  remove  the  iodine  by  shaking  the  mixture  with  dilute  caustic  potash,  which  forms 
potassic  iodide.  This  })otasii  solution  Ijecomes  yellow  or  brownish-yellow,  and  exhibits  beauti- 
ful green  Jiuoresceiice  {Gcrhardt). 

Urobilin  may  be  extracted  from  many  urines  by  ether  {Salkoicski).  When  subjected  to  the 
action  of  reducing  agents,  e.g.,  sodium  amalgam,  a  colourless  product  is  obtained,  which  on 
exposure  to  the  air  absorbs  0,  and  becomes  retransformed  into  urobilin.  This  colourless  body 
is  identical  with  the  chroniogen  which  Jaff'c  found  in  urine. 

If  urine  is  treated  witli  soda  or  potash,  the  characteristic  absorption-band  lying  between  &ahd 
F,  passes  nearer  to  h,  becomes  darker  and  more  sharply  defined.  According  to  Hoppe-Seyler, 
urobilin  is  formed  in  urine  after  it  is  voided,  from  another  urobilin-forming  body  (Jafle's 
chromogen)  absorbing  oxygen.  If  urine  containing  urobilin  be  made  alkaline  with  ammonia, 
and  zinc  chloride  be  added,  it  exhibits  marked  fluorescence ;  it  has  a  green  shimmer  by  reflected 
light.  When  urobilin  is  isolated,  it  fluoresces  without  the  addition  of  zinc  chloride.  In  cases 
or  jaundice  (§  180),  where  Gmelin's  test  sometimes  fails  to  reveal  the  presence  of  bile-])ignients, 
urobilin  occurs.  This  "  urobilin-icterus  "  {Gcrhardt)  occurs  chiefly  after  the  absorption  of  large 
extravasations  of  blood.  According  to  Cazeneuve,  the  urobilin  is  increased  in  all  diseases 
where  there  is  increased  disintegration  of  coloured  blood-corjiuscles. 

2.  Urochrome  (r/i7?rfw7m»i)  is  regarded  as  the  chief  colouring-matter  of  urine.  It  may  be 
isolated  in  the  form  of  yellow  scales,  soluble  in  water,  and  in  dilute  acids  ami  alkalies.  The 
watery  solution  oxidises,  and  when  exposed  to  air  becomes  reil  owang  to  the  formation  of 
uroerythrin.  When  acted  on  by  acids,  new  decomposition -products  are  formed,  e.g.,  urome- 
lanin.    Uroerythrin  gives  the  red  colour  to  deposits  of  urates  (§  258). 

3.  A  brown  pigment  containing  iron  is  carried  down  with  urii;  acid,  which  is  precipitated 
on  tlie  addition  of  hydrochloric  acid  (i^  258).  By  repeatedly  adding  sodic  urate  to  the  urine, 
and  precipitating  the  uric  acid  by  hydrochloric  acid,  a  considerable  amount  may  be  obtained 
{KunM). 

4.  Urine  boiled  with  HCl  yields  a  garnet-red  crystalline  pigment,  urorubui,  to  ether. 

In  cases  of  melanotic  tumours,  there  has  been  occasionally  observed  urine,  which  becomes 
dark,  owing  to  melanin  (§  250,  4),  or  to  a  colouring-matter  containing  iron  {Kunkel). 
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INDICAN  AND  ITS  TESTS. 


262  INDIGO.  PHENOL,  KRESOL,  PYROKATECHIN,  AND  SKATOL- 
FORMING  SUBSTANCES.— 1.  Indican  [C^H-NSOJ,  or  indigo-forming  sub- 
stance {Srhnnck),  is  derived  from  indol,  Cj^H-N,  the  basis  of  indigo,  which  is 
formed  in  the  intestine  by  the  pancreatic  digestion  of  proteids  (§  170,  II.),  but  it 
also  arises  as  a  putrefactive  product  (§  184,  6).  Indol,  when  united  with  the 
radical  of  sulphuric  acid,  HSO.^,  and  combined  with  potassium,  forms  the  so-called 
indigof/en  or  indican  of  urine  {Bripger,  Baumaim).  This  substance  (CgH^NSO^K 
=  potassium  indoxyl-sulphate)  forms  white  glancing  tablets  and  plates  ;  readily 
soluble  in  water  and  less  so  in  alcohol.  By  oxidation  it  forms  indigo-blue ; 
2  indican -1- O.,  =  Cn;Hi(,]Sr.,0._,  (indigo-blue) -f  2HKS0^  (acid  potassic  sulphate).  It 
is  more  abundant  in  the  urine  in  the  tropics,  and  it  is  absent  from  the  urine  of 
the  newly-born  {Senator). 

Tests. — (1)  Add  to  40  drops  of  uriiip,  3  to  4  c.c,  of  strong  fuming  hydrochloric  acid,  and  2 
to  3  drops  of  nitric  acid.  Boil,  a  riolet-rcd  colour  (with  the  deposition  of  true  crystalline 
■iadigo-hlue  (rhombic)  and  indigo-red  attests  its  presence.  Putrefaction  causes  a  similar  decompo- 
sition in  indican  ;  hence,  we  not  unfrequentl}'  observe  a  bluish-red  pellicle  of  microscopic  crystals 
of  indigo-blue,  or  even  a  precipitate  of  the  same.  (2)  Mix  in  a  beaker  equal  ([uantities  of  urine 
and. hydrochloric  acid,  and  add  two  drops  of  solution  of  chlorinated  lime  ;  the  mixture  at  first 
becomes  clear,  then  blue  {Jaffe).  Add  chloroform,  and  shake  the  mixture  vigorou.sly  for  some 
time  ;  the  chloroform  dissolves  the  blue  colouring  matter,  which  is  obtained  as  a  deposit, 
when  the  chloroforni  evaporates  {Senator,  Salkoivski).  (3)  Heat  to  70°  one  part  of  urine  with 
two  parts  of  nitric  acid,  and  shake  up  with  chloroform ;  the  chloroforni  dissolves  the  indigo 
which  is  formed,  assumes  a  violet  colour,  and  gives  an  absorption  band  between  C  and  D, 
slightly  nearer  D  {Hoj^pe-Seylcr).  Quantity. — Jatie  found  in  1500  c.c.  of  normal  human  urine, 
4'5  to  19 'o  milligrammes  of  indigo :  horse's  urine  contains  23  times  as  much.  The  subcutaneous 
injection  of  indol  increases  the  indican  in  the  urine  {Jaffe).  E.  Ludwig  obtained  indican  by 
heating  hrematin  or  urobilin  with  a  caustic  alkali  and  zinc  dust.  It  has  also  been  found  in  the 
sweat  {Bizio). 

Pathological. — Tlie  indican  in  the  urine  is  increased  when  much  indol  is  formed  in  the 
intestine  (§  172,  II.),  e.g.,  in  typhus,  lead  colic,  trichinosis,  catarrh,  and  hiumorrhage  of  the 
stomach,  cholera,  carcinoma  of  the  liver  and  stomach  ;  obstruction  of  the  bowel  or  ileus, 
l)eritonitis,  and  diseases  of  the  small  intestine. 

2.  Phenol,  C^H|;0  (carbolic  acid,  §  252),  w^as  discovered  by  Stadeler  in  human 
urine  (more  abundant  in  horse's  urine).  It  does  not  occur  as  carbolic  acid,  but  in 
combination  with  a  substance  from  which  it  is  separated  by  distillation  with  dilute 
mineral  acids.  The  "phenol-forming  substance"  is,  according  to  Baumann, 
"  phenolsulphonic  acid  "  (CgH^O,  SO^H),  which  in  urine  is  united  with  potash. 

Phenol  is  derived  from  the  decomposition  of  proteids  by  pancreatic  digestion  (§  172,  II.), 
and  also  from  putrefaction  (§  184,  6),  the  mother-substance  being  tyrosin.  Hence,  the  forma- 
tion of  phenolsulphonic  acid  is  analogous  to  the  formation  of  indican. 

If  in  the  employment  of  carbolic  acid  it  be  absorbed,  the  phenolsulphonic  acid  becomes  gi-eatly 
increased  in  amount,  so  that  sulphuric  acid  must  be  united  with  it  ;  hence,  alkaline  sulphates 
are  decomposed  in  the  body,  so  that  the  latter  may  be  absent  from  the  urine  {Baumann). 
Living  muscle  or  liver,  when  digested  in  a  stream  of  air  for  several  hours  with  blood  to  which 
phenol  and  sodic  sulphate  are  added,  yields  phenolsulphonic  acid  ;  while,  under  the  same  cir- 
cumstances, pyrokatechin  forms  ethersulphonic  acid. 

Carboluria.— When  carbolic  acid  is  used  externally  or  internally,  and  it  is  absorbed,  it  causes 
a  deep  dark-coloured  urine  due  to  the  oxidation  of  phenol  into  hydrochinon  (orthobioxybenzol 
=  CflH,,Oo),  which  for  the  most  part  appears  in  the  urine  as  ethersulphonic  acid  {Baumann  and 
others). 

3.  Parakresol  (hydroxyltoluol,  CvHj,0),  with  its  isomers  ortho-  and  meta-kresol 
(the  latter  in  traces),  is  more  abundant  in  urine  {Baumann,  Prensse).  It  also 
occurs  in  combination  with  sulplionic  acid. 

Test  for  phenol  (and  also  kresol)  :— Distil  150  c.c.  urine  with  dilute  sulphuric  acid.  The 
distillate  gives  a  brown  crystalline  deposit  of  tribromophcnol  with  bromine  water,  as  well  as  a 
red  colour  with  ]\lillon's  reagent. 

Hydroxybenzol  (pyrokatechin,  hydrochinon)  is  obtained  from  urine,  when  it  is  heated  for  a 
long  time  with  hydrochloric  acid. 

Kesorcin,  which  is  an  isomer  of  hydrochinon,  when  administered  internallv,  also  appears  in 
the  urine  as  ethersulphonic  acid.  Toluol  ami  naphthalin  behave  similarly.  Benzol  is  oxidised 
to  phenol. 


PYROKATECHIN  AND  SKATOL. 


4.  Pyrokatechin  =  QjH^Oo  (metadihydroxylbenzol),  is  formed  along  with  hydro- 
cliinon  from  phenol,  and  is  an  isomer  of  the  former.  It  behaves  like  indol  and 
phenol,  for  when  united  with  suli)honic  acid,  it  yields  the  pyrokatechiu-forming 
substance.  >Small  quantities  sometimes  occur  in  human  urine  ;  it  is  more  abundant 
in  the  urine  of  children  ;  it  becomes  darker  when  the  urine  putrefies. 

5.  Skatol,  which  is  crystalline,  and  is  formed  during  putrefaction  in  the  intestine, 
also  appears  in  the  urine  as  a  compound  of  sulphonic  acid  252).  On  feeding  a 
dog  with  skatol,  Brieger  found  much  potassic  skatol-oxy -sulphate. 

Test. — Skatol  compounds  are  recognised  by  adding  dilute  nitric  acid,  wliicli  causes  a  violet 
colour,  or  fuming  nitric  acid,  which  precipitates  red  Hakes  {A'ciiclii).  Its  (quantity  is  regu- 
lated l)y  the  same  conditions  as  indiean. 

The  aromatic  oxyacids,  hydroparaciimaric  acid,  and  paraoxyphenylacetic  acid  (tlie  former  a 
putrefactive  product  of  tle.sh,  the  hitter  obtained  by  E.  and  H.  Salkowski  from  putrid  albumin) 
occur  in  the  urine  {Baitmaiin,  §  252),  Shake  the  urine  treated  with  a  mineral  acid  with  etlier, 
evaporate  the  latter,  and  dissolve  the  residue  in  water.  If  aromatic  oxyacids  are  present,  they 
give  a  red  colour  with  Millon's  reagent. 
_  Bauniann  gives  the  following  series  of  bodies,  which  are  formed  from  tyrosin  by  decomposi- 
tion and  oxidation  ;  most  of  the  substances  are  formed  both  during  the  decomposition  of 
albumin,  and  also  in  the  intestine,  whence  they  pass  into  the  urine  :— Tyrosin,  CflHnNO.^-f- H.^ 
=  Cs,Hiu03  (hydroparacumaric  acid)  +  NH.^.  C^HjoOj  =  CsH,oO  (paraethylphenol,  not  yet  proved) 
+  CO..  CgHiiiO  -f  ().,  =  CgHgO.,  (paraoxyphenylacetic  acid)  -f  HoO.  C8H30.j  =  C7H80  (parakresol) 
-I- CO...  C^HgO-l-Oa^C^HgO.,  (paroxy benzoic  acid,  not  vet  "proved) -t- H.,0.  C7H«0  =  C6H60 
(phenol) +  C0._,. 

Potassiiim  sulphocyanide,  derived  from  the  saliva,  also  occurs  in  urine.  After  acidulation 
with  hydrochloric  acid,  its  presence  may  be  detected  by  the  ferric  chloride  test(§  146 — Gschcid- 
leii  mid  J.  Munk).  One  litre  of  human  urine  contains  0'02  to  0'08  gramme  combined  with  an 
alkali. 

Succinic  acid  (C^H^Oj)  occurs  chiefly  after  a  diet  of  flesh  and  fat,  and  almost  disappears  after 
a  vegetable  diet.  It  is  a  decomposition-product  of  asparagin,  and  occurs  in  considerable  amount 
in  the  urine  after  eating  asparngus.  It  is  also  a  product  of  the  alcoholic  fermentation  (§150), 
and  as  it  i)asses  out  of  the  body  unchanged,  it  occurs  in  the  urine  of  those  who  imbibe  spirituous 
limiors.     It  passes  unchanged  into  the  urine  {Nauhaucr). 

Lactic  acid  (CjH^O;,)  is  a  constant  constituent  of  urine.  Other  observers  have  found  ferment- 
able lactic  acid  in  iliabetic  urine  ;  sarcolactic  acid  after  poisoning  with  phosphorus  and  in 
trichinosis.  Occasionally  traces  of  volatile  fatty  acids  arc  present.  Some  animal  gum  occurs 
in  urine  384),  and  j^echanip's  "  nephrozymose  "  consists  for  the  most  part  of  gum  {Land- 
wehr).  This  substance  is  precipitated  from  urine  by  adding  to  it  three  times  its  volume  of 
90  per  cent,  alcohol.  It  is  not  a  simple  body,  but  at  60°  to  70°  C.  it  transforms  starch  into 
.sugar  (?'.  Vintschgaii), 

Ferments.  — Traces  of  diastatic,  peptic,  and  rennet  ferment  have  been  found,  especially  in 
urine  of  high  spccitic  gravity.    Trypsin  is  said  not  to  occur  normally  [Leo). 

Traces  of  sugar  {Brilckc,  Bencc  Jones),  to  the  amount  of  0'05  to  0"01  per  cent.,  occur  in 
normal  urine.  After  the  ingestion  of  milk-,  cane-,  or  grape-sugar  (50  grms.)  these  varieties  of 
sugar  appear  in  small  quantity  in  the  urine  ( IForm-MiiUcr — §  267,  7). 

Kryptophanic  acid  (CjHyNOg),  according  to  Thudicluun,  occurs  as  a  free  acid  in  urine,  but 
Landwelir  regards  it  as  an  animal  gum. 

Aceton  (C^jHrO)  is  formed  when  normal  urine  is  oxidised  with  potassic  bichromate  and  sul- 
phuric acid,  and  it  is  formed  from  a  reducing  substance  present  in  normal  urine  (apparently 
derived  from  the  grape-sugar  of  the  blood).  Aceton  occurs  in  traces  as  a  normal  urinary  con- 
stituent, which  is  increased  during  increased  decomposition  of  the  tissues,  r.rj.,  carcinoma,  in- 
anition. It  has  also  been  found  in  the  blood  in  fever  (r.  Jacksch).  Lieben's  Test. — Acidulate 
half  a  litre  of  urine  with  HCl  and  distil ;  when  treated  with  tincture  of  iodine  and  ammonia 
there  is  a  turbidity  due  to  iodoform. 

II.  THE  INORGANIC  CONSTITUENTS  OF  THE  URINE.— The  inorganic 
constituents  are  either  taken  into  the  body  as  such  with  the  food  and  pass  off  un- 
changed in  the  urine,  or  they  are  formed  in  the  body,  owing  to  the  sulphur  and 
phosphorus  of  the  food  being  oxidised  and  the  products  uniting  with  bases  to  form 
salts.  The  quantity  of  salts  excreted  daily  in  the  urine  is  9  to  2-5  grammes  to 
I  oz.]. 

1.  Sodic  chloride — to  the  amount  of  12  (10  to  13)  grammes  [180  grains]— is 
excreted  daily.  It  is  increased,  after  a  meal,  by  muscular  exercise,  drinking  of 
water,  and  generally,  when  the  quantity  of  urine  is  increased,  by  the  free  use  of 
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large  quantities  of  common  salt,  but  by  potash  salts  also  ;  it  is  diminished  under 
the  opposite  conditions. 

In  disease  it  is  greatly  diminished  ;  in  pneumonia  and  other  inflammations  accompanied  hy 
effusions,  in  continued  diarrluBa  and  profuse  sweating,  constantly  in  albuminuria  and  in 
<lropsies.'  [In  cases  of  pneumonia,  sodic  chloride  may  at  a  certain  stage  almost  disappear  from 
the  urine,  and  it  is  a  good  sign  when  the  chlorides  begin  to  reaj)pear.]  In  other  chronic  diseases, 
the  amount  of  NaCl  excreted  runs  nearly  parallel  with  the  amount  of  urine  passed.  In  condi- 
tions of  excitement  the  amount  of  sodic  chloride  is  diminished,  and  potassic  chloride  increased; 
in  conditions  of  depression  the  reverse  is  the  case  (Zculzer). 

Test.— Add  to  the  urine  nitric  acid  and  then  nitrate  of  silver  solution,  which  gives  a  white 
curdy  precipitate  of  chloride  of  silver.  In  allniniinous  urine  the  albumin  must  first  be  removed. 
Microscopical  1 1/  look  for  the  step-like  forms  of  common  salt,  and  also  for  the  crystals  of  sodic 
chloride  and  urea  (§  256,  4). 

2.  Phosphoric  acid  occurs  in  urine  as  acid  sodic  phosphate  and  acid  calcic  and 
magnesic  phosphates  to  the  amount  of  about  2  grammes  daily  [30  grains];  it  is 
more  abundant  after  an  animal  than  after  a  vegetable  diet.  The  amount  increases 
after  a  mid-day  meal  until  evening,  and  falls  during  the  night  until  next  day  at 
noon.  It  is  partly  derived  from  the  alkaline  and  earthy  phosphates  of  the  food, 
and  partly  as  a  decomposition-product  of  lecithin  and  nuclein.  As  phosphorus  is 
an  important  constituent  of  the  nervous  system,  the  relative  increase  of  phosphoric 
acid  is  due  to  increased  metabolism  of  the  nervous  substance. 

Pathological. — In  fevers,  the  increased  excretion  of  potassic  phosphate  is  due  to  a  consump- 
tion of  blood  and  muscle  (§  220,  3).  It  is  also  increased  in  inflammation  of  tlie  brain,  soi'ten- 
ingof  the  bones,  diabetes,  and  oxaluria  ;  after  the  administration  of  lactic  acid,  morphia,  chloral, 
or  chloroform.  It  is  diminished  during  pregnancy,  owing  to  the  formation  of  the  foetal  bones  ; 
also  after  the  use  of  ether  and  alcohol,  and  in  inflammation  of  the  kidney. 

[Tests. — To  urine  add  nitric  acid  and  solution  of  ammonium  molybdate  and  boil,  a  canary- 
yellow  precipitate  of  ammonium  phosphomolybdate  indicates  the  presence  of  phos])horic  acid. 
Or,  axld  lialf  its  volume  of  caustic  potasli  to  urine,  and  boil.  The  earthy  phosphates  are  precipi- 
tated, but  not  the  alkaline  phosphates.] 

Earthy  phosphates  are  precipitated  by  heat  in  some  pathological  urines.  This 
precipitate  is  distinguished  from  albumin,  which  is  also  precipitated  by  heat,  by 
being  soluble  in  nitric  acid,  which  precipitated  albumin  is  not.  [The  earthy  phos- 
phates are  not  precipitated  until  near  the  boiling  point.] 

Quantitative. — The  amount  of  phosphoric  acid  is  estimated  bj'  tritation  with  a  standard 
solution  ofuimiiuvi  acetate  ;  ferrocyanide  of  iwtassium  being  the  indicator.  The  indicator  gives 
a  brownish-red  colour  when  there  is  an  excess  of  free  luanium  acetate. 

In  addition  to  phosphoric  acid,  phosphorus  occurs  in  an  incompletely  oxidised  form  in  the 
urine,  e.g.,  glycerinphosphoric  acid  (§  251,  2),  which  occurs  to  the  amount  of  15  milligrammes 
in  a  litre  of  urine ;  it  is  increased  in  nervous  diseases  and  after  chloroform  narcosis. 

3.  Sulphuric  acid  occurs  in  the  urine,  the  greater  part  in  combination  with  the 
alkalies,  and  the  remainder  united  with  indol,  skatol,  and  pyrokatechin,  in  the  form 
of  aromatic  ethersulphonic  comjxnindH,  the  ratio  being  1  :  0'1045.  All  conditions 
which  favour  the  formation  of  indol,  skatol,  or  pyrokatechin,  increase  the  amount 
of  combined  sulphuric  acid.  The  total  daily  amount  of  sulphuric  acid  is  2*5  to  3-5 
grammes  [37  to  52  grains].  It  is  increased  by  the  administration  of  sulphur, 
{Krause).  The  sulphuric  acid  is  chiefly  derived  from  the  decomposition  of  proteids, 
and  hence  its  amount  runs  parallel  with  the  amount  of  urea  excreted.  The  amount 
of  alkaline  sulphates  in  the  food  is,  as  a  rule,  very  small. 

An  increased  excretion  of  sulphuric  acid  in  fevers  indicates  an  increased  metabolism  of  the 
tissues  of  the  body.  In  renal  inflammation  it  has  been  observed  to  be  diminished,  and  in 
eczema  it  is  greatly  increased.  Feeding  with  taurin  (which  contains  sulphur),  in  the  case  of 
rabbits,  (but  not  in  carnivora  or  man),  increases  the  sulphuric  acid  in  the  urine  {SaJkoicski). 
According  to  Ziilzer,  a  copious  secretion  of  bile  lessens  the  relative  amount  of  sulphuric  acid  iii 
the  urine. 

Test.— Barium  chloride  gives  a  copious  white  heavy  precipitate  of  barium  sulphate,  insoluble 
in  nitric  acid. 

In  addition  to  sulphuric  acid,  sulphur  (!)  occurs  in  an  incompletely  oxidised  form  in  the 
urine  (potassium  sulphocyanide,  cystin,  and  sulphur-bearing  compounds  derived  from  the  bile) 
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{Kunkcl,  V.  VoU—%  177,  6).  Hijposxdphurous  acid,  as  an  alkaline  salt,  is  an  abnormal  con- 
stituent in  typhus  ;  and  so  is  sulphuretted  hydrogen,  which  is  recognised  by  the  blackening  of 
a  piece  of  paper  moistened  with  lead  acetate  and  aininonia,  held  over  the  urine. 

4.  Excessively  minute  traces  of  silicic  acid  and  nitric  acid  derived  from  drink- 
ing water  have  been  found  in  urine.  Organic  adds,  e.</.,  citric  and  tartaric,  when 
taken  internally,  increase  the  amount  of  carbonates  in  the  urine.  The  urine  may 
effervesce  on  the  addition  of  an  acid. 

The  sodium  in  the  urine  is  chiefly  combined  with  chlorine,  but  a  small  part  of 
it  is  united  with  phosphoric  and  uric  acids ;  potassium  (which  is  about  }  of  the 
sodium)  is  chiefly  combined  with  chlorine.  In  fevers,  more  potash  is  excreted  than 
soda,  and  during  convalescence,  the  reverse  is  the  case  ;  calcium  and  magnesium 
exist  in  normal  acid  urine  as  chlorides  or  acid  phosphates.  If  the  urine  is  neutral, 
neutral  calcium  phosphate  and  magnesium  phosphate  are  precipitated.  Kbstehi 
found  the  latter  in  alkaline  urine,  as  large  clear  four-sided  prisms,  in  diseases  of  the 
stomach.  If  the  urine  is  alkaline,  calcium  carbonate  (fig.  281)  and  tribasic  calcic 
phosphate  are  deposited  as  such,  while  the  magnesium  is  precipitated  in  the  form 
of  ammonio-magnesium  phosphate,  or  triple  phosphate.  The  calcium  is  derived 
from  the  food,  and  depends  upon  the  amount  of  lime  salts  absorbed  from  the 
intestine.  Free  ammonia  is  said  to  occur  (0'72  gramme,  or  7  grains  daily)  in  per- 
fectly fresh  urine  {JVeubauer,  Briicl-e),  and  the  amount  is  greater  with  an  animal 
than  with  a  vegetable  diet  (Coranda).  The  amount  of  fixed  ammonia  is  increased 
by  the  administration  of  mineral  acids  (Walter,  Schmiedeherg,  Gdthgens).  Iron  (1 
to  11  milligrammes  per  litre)  is  never  absent.  There  is  a  trace  of  hydric  peroxide 
(Schonhein),  which  is  detected  by  its  decolorising  indigo-solution  on  the  addition  of 
iron  sulphate. 

Gases. — 24*4  c.c.  of  gas  was  obtained  from  one  litre  of  urine— 100  volumes  of  the  gases 
pumped  out  consisted  of  65-40  vol.  CO.,,  274  0,  13-86  N.  After  severe  muscular  action,  the 
amount  of  CO.,  may  be  doubled  ;  digestion  also  increases  it,  copious  drinking  diminishes  it. 

263.  FERMENTATIONS  OF  URINE.— Acid  Fermentation. —When  per- 
fectly fresh  urine  is  set  aside,  it  gradually  becomes  more  acid  from  day  to  day. 
This  is  called  the  "  acid  ferment- 
ation." It  seems  to  be  due  to 
the  development  of  special  fungi 
(fig.  260,  a),  and  the  process  is 
accompanied  by  the  deposition  of 
uric  acid  (c),  acid  sodium  urate,  in 
amorphous  grains  (6),  and  calcium 
oxalate  (d).  According  to  Scherer, 
the  fungus  and  the  mucus  from 
the  bladder  decompose  part  of  the 
urinary  pigment  into  lactic  and 
acetic  acids.  The  latter  sets  free 
uric  acid  from  neutral  sodium 
urate,  so  that  free  uric  acid  and 
sodium  urate  must  be  formed. 
Butyric  and  formic  acids  have  been 
found  as  abnormal  decomposition- 


d- 


of  urine. 


(I,  fungus 


products  of  other  urinary  constitu-  Deposit  in  "acid  fermentation 

1  ,1        -1  r  i.  h  nmornhous  sodium  urate  ;  c,  uric  acid:  d,  calcium 

ents     When  the  acid  fermentation       amoipnous  boau.n         ,  ,  ,  , 

^     .'        ,         .        11  oxalate, 
begins,  the  urine  absorbs  oxygen 

(Pasteur).  According  to  BriLcke,  it  is  the  lactic  acid,  formed  from  the  minute 
traces  of  sugar  present  in  urine,  which  causes  the  acidity.  According  to  lliihmann, 
who  recoc^nises  the  acid  fermentation  as  an  exceptional  phenomenon,  the  acids  are 
formed  horn  the  decomposition  of  sugar,  and  from  alcohol  which  may  be  present 
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accidentally.  While  the  urine  is  still  acid,  it  becomes  turl)id  and  contains  nitrous 
acid,  whose  source  is  entirely  unknown.    According  to  v.  ^'oit  and  Hofmann  phos- 

P-^,.,^^  phoric  acid  and  a  basic  salt  are  formed 

'iVs'^^v  ^'"0"^  ^^^^  sodium  phosphate,  whereby 

irr^V';^;  .'  i'.xV^  part  of  the  uric  acid  is  displaced  from 

sodium  urate,  thus  causing  the  forma- 
tion of  an  acid  urate. 

Alkaline  Fermentation.  —When  urine 
is  exposed  for  a  still  longer  time,  more 
especially  in  a  warm  place,  it  becomes 
neutral  and  ultimately  ammoniacal,  i.e., 
it  undergoes  the  alkaline  fermentation 
(fig.  20 1). 

This  condition  is  accompanied  by  the 
formation  of  the  micrococcus  urese  (fig. 
262)  (Fafttetn;  Cohn)  and  Bacterium  urese 
(fig.  2G1),  which  causes  the  urea  to  take 
up  water,  and  decompose  into  CO.2  and 
ammonia. 

Deposit  in  ammoniacal  urine  (alkaline  fermenta-      Urea    [CO(HN2)2  +  ^(H.^O)  =  ammo- 
tion).    a,  acid  ammonium  urate;  h,  ammonio-  ^{y^^^  carbonate  [(NH,).,C03]. 

magnesium  phosphate ;  c,  bacterium  uiete.  ^      „  ,  ~  .      „„„„  u„i^„„„ 

°  I      i        '   '  rpj^g  property  of  decomposnig  urea  belongs 

to  many  different  kinds  of  bacteria,  including  even  the  sarcina  of  the  lungs— whose  germs  seem 
to  be  universally  diffused  in  the  air.  These  organisms  produce  a  soluble  ferment  {Muscuhis), 
which,  however,  only  passes  from  the  body  of  the  cells  into  the  fluid  after  the  cell  or  organism 
has  been  killed  by  alcohol  {Lea). 

The  presence  of  ammonia  causes  the  urine  to  become  turbid,  and  those  substances 
which  are  insoluble  in  an  alkaline  urine  are  precipitated — earthy  phosphates,  con- 
sisting of  the  amorphous  calcic  phosphate,  acid  ammo- 
nium urate  (fig.  261,  a),  in  the  form  of  small  dark  granules 
covered  with  spines  ;  and,  lastly,  the  large  clear  knife-rest 
or  "  coffin-lid  "  form  of  ammonio-magnesic  phosphate, 
or  triple  phosphate  (fig.  282).  [The  last  substance 
does  not  exist  as  such  in  normal  urine,  but  it  is  formed 
when  ammonia  is  set  free  by  the  decomposition  of  urea, 
the  ammonia  uniting  with  the  magnesium  phosphate. 
Its  presence  therefore  always  indicates  ammoniacal  fermentation  of  the  urine.]  In 
cases  of  catarrh  or  inflammation  of  the  bladder,  this  decomposition  may  take 
place  within  the  bladder,  when  the  urine  always  contains  pus-cells  (fig.  267)  and 
detached  epithelium.  When  much  pus  is  present,  the  urine  contains  albumin. 
Ammoniacal  urine  forms  white  fumes  of  ammonium  chloride,  when  a  glass  rod 
dipped  in  hydrochloric  acid  is  brought  near  it.  [When  ammonia  is  added  to  normal 
urine,  triple  phosphate  is  precipitated  in  a,  feathery  form  (fig.  283).] 

[Significance  of  Triple  Phosphate. — If  urine  be  alkaline  when  it  is  passed,  and  the  alkalinity 
be  due  to  a  volatile  alkali,  i.e.,  to  NH.,,  then  decomposition  of  the  urine  has  taken  place,  and 
this  kind  of  urine  is  a  sure  sign  that  there  is  disease  of  the  genito-uriuary  mucous  membrane.] 

264.  ALBUMIN  IN  URINE  OR  ALBUMINURIA.— Serum-albumin  is  the 

most  important  abnormal  constituent  in  urine  which  engages  the  attention  of  the 
physician.    It  occurs  in  blood  (§  .32),  and  its  characters  are  described  in  §  249. 

Causes  of  Albuminuria.— 1.  Seram-albumin  may  appear  in  urine  without  any  apparent 
anatomical  or  structural  change  of  the  retial  tissues.  This  condition  has  been  called  by  v. 
Bamberger  "  Hcemafogenous  albuminuria."  It  occurs  but  rarely,  however,  and  sometimes  in 
healthy  individuals  when  there  is  an  excess  of  albumin  in  the  blood-plasma  {e.g.,  after  suppres- 
sion of  the  secretion  of  milk),  and  after  too  free  use  of  albuminous  food.  2.  As  a  result  of 
increased  hlood-'pressure  in  the  renal  vessels,  e.g.,  after  copious  drinking.    It  maybe  temporary. 


Fig.  262. 
Micrococcus  ureaB. 
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or  It  niay  be  persistent,  as  in  cases  of  congestion  following  heart  disease,  emphysema,  chronic 
plenritic  etlusions,  infiltrations  of  the  lungs,  ami  after  compression  of  the  chest,  causing  conges- 
tion in  the  pulmonary  circuit,  which  extends  even  into  the  renal  veins,  &c.  3.  After  section 
or  paralysis  of  the  vnso-viotor  nerves  of  the  kiilneys,  wliich  causes  great  congestion  of  tliese 
organs.  The  albuminuria,  which  accompanies  intense  and  long-continued  abdominal  pain,  is 
brought  about  owing  to  a  reflex  paralysis  of  the  renal  vessels.  4,  After  violent  muscular 
exercise.  [Senator  found  that  forced  marches  in  voung  recruits  were  very  frequently  followed 
by  the  appearance  of  albumin  in  the  urine,  whiehpersistcd  for  several  days.]  Convulsire  dis- 
orders, e.g.,  epilepsy,  the  spasms  of  dysi)niea  after  strychnin  poisoning,  in  shock  of  the  brain, 
apoplexy,  spinal  paralysis,  and  violent  emotions  ;  the  excessive  use  of  morphia,  which  perhaps 
acts  on  the  vaso-motor  centres.  5.  It  may  accompanv  many  acute  febrile  diseases,  e.g.,  the 
exanthemata  (scarlet  fever),  typhus,  pneumonia,  and  pylcmia.  In  these  cases,  it  may  be  due  to 
the  increase  of  temperature  paralysing  the  vessels,  but  more  probably  the  secretory  ai)paratus  of 
the  kidney  is  so  changed  {e.g.,  cloudy  swelling  of  the  renal  epithelium)  that  the  albumin  can 
pass  througli  the  renal  membrane.  6.  Certain  degenerations  and  inflammations  of  the  kidneys 
at  several  of  their  stages.  7.  Inflammation  or  suppuration  in  the  ureter  or  urinary  passage's. 
8._  Certain  chemical  substances  which  irritate  the  renal  parenchyma,  e.g.,  cantharides,  carbolic 
acid.  9.  The  complete  withdrawal  of  common  salt  from  the  food,  the  albumin  disappears 
when  the  common  salt  is  given  again.  10.  The  epithelium  may  be  in  such  a  condition  that  it 
cannot  retain  the  albumin  within  the  vessels,  due  to  imperfect  nourishment  and  functional  weak- 
ness of  the  excretory  elements.  This  includes  the  albuminuria  of  isch:emia,  and  that  after 
hiemorrhage,  in  anremia,  scorbutus,  icterus,  diabetes.  [Grainger  Stewart  finds  that  albuminuria 
is  more  common  among  presumably  healthy  people  than  was  formerly  supposed.] 

[Besides  being  derived  from  the  secreting  parenchyma  of  the  kidney,  albumin  may  be 
present  owing  to  admixture  with  the  secretions  from  any  part  of  the  urinary  tract,  including 
the  vagina  and  uterus  in  the  female.  In  some  cases  the  transudation  of  albumin  is  favoured  by 
changes  in  the  capillary  walls,  the  albumin  being  forced  through  by  the  intravascular  pressure. 
Sometimes  albuminuria  occurs  during  the  course  of  severe  typhoid  fever,  and  in  acute  fevers 
generally,  where  the  temperature  is  persistently  above  40°  C.  (104°  F.).  The  high  temperature 
alters  the  filtering  membrane  and  permits  the  filtration  of  albumin.] 

[Physiological  Albuminuria. — This  term  has  been  applied  to  that  condition  of  the  urine, 
where  traces  of  albumin  are  found  in  individuals  apparently  in  perfect  health.  Johnson  and 
Pavy  cite  such  cases,  while  Posner  asserts  that  all  urine — even  healthy  urine — contains  traces 
of  proteids,  whose  presence  is  ascertained  after  concentrating  the  urine.  It  is  safe  to  assume 
that  normal  urine  should  give  no  reaction  with  the  usual  tests  for  albumin.  Posner  precipi- 
tated the  urine  with  alcohol,  washed  the  precipitate,  dissolved  it  in  acetic  acid,  and  tested  it 
with  the  fcrrocyanide  test  for  albumin.  He  finds  that  minute  traces  of  jiroteid  are  detected  by 
the  following  modification  of  the  biuret  test  : — Make  the  urine  alkaline,  and  by  the  "contact 
method  "  bring  a  layer  of  very  dilute  cupric  sulphate  over  it;  when  the  two  fluids  touch,  a 
reddish- violet  ring  is  obtained.] 

The  tests  for  albumin  in  urine  depend  upon  the  facts  that  it  is  coagulated  by 

heat  in  neutral  or  acid  solutions,  and  it  is  precipitated  by  various  reagents. 

[(1)  Heller's  Test. — Place  10  e.c.  of  the  urine  in  a  test-glass,  and  pour  in  pure  colourless 
HNO3  so  as  to  run  down  the  side  of  the  glass,  forming  a  layer  beneath  the  urine.  A  wliite 
zone  of  coagulated  albumin  indicates  the  presence  of  albumin.  In  this  test  it  is  important  to 
wait  a  certain  time  for  the  development  of  the  reaction.  In  urines  of  high  specific  gravity,  a 
haziness  due  to  acid  urates  may  be  formed  above  where  the  two  fluids  meet,  but  its  upper  edge 
is  not  circumscribed.  The  acid  decomposes  the  neutral  urates  and  forms  a  more  insoluble  acid 
salt.  This  cloud  of  acid  urates  is  readily  dissolved  by  heat,  while  the  albumin  is  not ;  the 
latter  is  always  a  sharply  defined  zone  between  the  two  fluids.  In  very  concentrated  urine 
(rare),  nitric  acid  may  gradually  precipitate  crystalline  urea  nitrate.  In  patients  taking 
copaiba,  niti'ic  acid,  by  acting  on  the  resin,  causes  a  slight  milkiness.] 

[(2)  Boiling  and  Nitric  Acid. — Place  10  c.c.  of  urine  in  a  test-tube  and  boil.  If  albumin  be 
present  in  small  quantity,  a  faint  haziness,  which  may  be  detected  in  a  proper  light,  will  be 
produced.  Add  10  to  12  drops  of  HNO3.  If  the  turbidity  disappears  it  is  due  to  phosphates, 
while  if  any  remains  it  is  due  to  albumin.  If  albumin  be  present  in  large  quantity,  a  copious 
whitish  coagulum  is  obtained.  Precautions. —(«)  In  all  cases,  if  the  urine  be  turbid,  filter  it 
before  applying  any  test,  {b)  Hoio  to  boil. — Boil  the  upper  strata  of  the  li(iuid,  and  take  care, 
if  any  coagulum  be  formed,  that  it  does  not  adhere  to  the  side  of  the  tube,  else  the  tube  is 
liable"  to  break,  (c)  In  performing  this  test  with  a  neutral  solution,  note  when  the  precipitate 
falls,  for  albumin  is  precipitated  about  70°  C,  jihosphates  not  till  about  the  boiling  point,  (d) 
Amount  of  Acid.— li  too  little  (2  or  3  drops)  HNO3  be  added,  or  too  much  (30  or  40  drops),  we 
may  fail  to  detect  albumin,  although  it  is  present.] 

(3)  Ferrocyanide  Test.— By  the  addition  of  acetic  acid  and  potassium  ferrocyanide. ^  [If 
albumin  be  jiresent,  a  white  flocculent  precipitate  separates  in  the  cold.  Dr  Pavy  has  intro- 
duced pellets,  consisting  of  a  mixture  of  citric  acid  and  sodic  ferrocyanide.    All  that  is  required 
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is  to  a'Ul  a  pellet  to  the  suspected  urine.  Oliver's  papers. —Dr  Oliver  uses  papers,  one  saturated 
with  citric  acid  and  another  with  ferrocyanide  of  potassium.  The  two  papers  are  added  to  the 
clear  tiltered  urine.  Other  precijiitants  of  albumin,  such  as  small  pieces  of  paper  impregnated 
with  potassio-niercuric  iodide,  are  used  by  Oliver.] 

(4)  Boiling  Acid  Urine. — If  the  urine  be  alkaline,  although  albumin  may  be  present,  it  is 
not  preLii)itated  by  heat  alone.  AVe  require  to  add  acetic  acid  until  a  slightly  acid  reaction  is 
obtained.  Boiling  may  give  a  precipitate  of  earthy  phosphates  in  an  alkaline  urine,  owing 
perhaps  to  the  CO^  being  driven  oH'.  This  precipitate  might  be  mistaken  for  albumin,  but 
on  adding  acetic  or  nitric  acid,  the  earthy  jjrecipitate  is  dissolved,  while  tlie  precipitate  of 
albumin  is  not  dissolved.  In  testing  for  albumin,  always  use  clear  urine.  If  it  is  turbid, 
lilter  it. 

[(5)  Metaphosphoric  acid  is  dissolved  in  water  just  before  it  is  to  be  used  and  added  to  clear 
urine  (Hindcnlaag).  Graham  pointed  out  that  metaphosphoric  acid  ])recipitated  albumin.  A 
•20  per  cent,  solution  of  the  ordinary  glacial  phosphoric  acid  is  a  good  test  for  albumin,  but  it 
also  precipitates  peptones.  It,  however,  changes  into  ordinary  phosphoric  acid  by  keeping, 
and  then  it  no  longer  precipitates  albumin.] 

[(6)  Sodic  Sulphate  and  Acetic  Acid. — Acidulate  10  c.c.  of  urine  with  acetic  acid,  and  add  ^  of 
its  volume  of  a  concentrated  solution  of  sulphate  of  soda  or  magnesia.  On  heating,  if  albumin 
be  present,  a  distinct  cloudiness  is  obtained.] 

[(7)  In  picric  acid,  according  to  Dr  .Johnson,  we  have  a  more  delicate  test  for  minute  traces 
of  albumin  than  either  heat  or  nitric  acid,  or  than  both  these  tests  combined.  It  is  used  either 
in  the  form  of  crystals  or  powder,  or  as  a  saturated  a([ueous  solution.  Take  a  four-inch  column 
of  urine  in  a  test-tube,  hold  the  tube  in  a  slanting  direction,  and  pour  an  inch  of 
the  picric  acid  solution  on  the  surface  of  the  urine,  where  in  consequence  of  its  low 
specific  gravity  (1005)  it  mixes  only  with  the  upper  layer  of  the  urine.  It  coagu- 
lates any  albumin  present.  The  ])recipitate  occurs  at  once,  and  is  increased  by 
heat,  while  the  urate  of  soda,  which  is  sometimes  precipitated,  is  soluble  on 
heating.] 

[Dr  Roberts  regards  any  test  for  albumin  which  requires  strong  acidulation  with 
an  organic  acid,  citric,  acetic,  or  lactic,  as  unsatisfactory,  since  it  precipitates 
lljim  mucin.  For  this  reason  he  rejects  the  tungstate,  mercuric  iodide,  and  potassic 
ferrocyanide  tests.  Dr  Roberts  regards  the  heat  test,  with  the  addition  of  a  small 
definite  quantity  of  acetic  acid,  as  the  best  test  for  the  detection  of  small  quan- 
tities of  albumin.  ] 

11'    illli       ^'  Estimation  of  albumin. — 100  c.c.  of  urine  are  boiled  in  a  capsule, 

ill  lllill  some  acetic  acid  being  ultimately  added,  wherebj' the  albumin  is  precipitated  in 
fiakes.  The  precipitate  is  collected  on  a  weighed,  dried  (110°),  ash-free  filter,  and 
repeatedly  washed  with  hot  water,  then  with  alcohol,  and  dried  in  an  air-bath  at 
110°.  The  weight  of  the  filter  is  deducted,  and  finally  the  dried  filter  with  the 
albumin  is  burned  in  a  weighed  platinum  capsule,  and  the  weight  of  the  ash  also 
deducted.  [This  method  is  not  available  for  the  busy  practitioner  on  account  of 
the  time  it  takes.  Practically,  it  is  sufficient  to  compare  from  day  to  day  the 
proportion  that  the  precipitated  albumin  bears  to  the  bulk  of  the  urine  tested.  A 
graduated  tube  may  be  used,  so  that  after  the  precipitate  has  subsided,  the  phy.si- 
cian  may  see  what  proportion  of  the  whole  the  ]irecii)itate  occupies.] 

Esbach's  Albumimeter  (fig.  263).— A  glass  cylinder  is  filled  with  the  urine  up 
to  the  mark  U,  and  to  R  with  the  precipitant  (20  citric  acid,  10  picric  acid,  970 
water).  The  vessel  is  corked  and  then  .shaken.  After  twenty-four  hours  the  coagu- 
lated albumin  subsides,  when  the  graduation  on  the  tube  indicates  tiie  number  of 
grms.  of  albumin  per  1000  c.c.  of  urine.  A^ery  albuminous  urine  must  be  pre- 
viously diluted. 

2.  Globulin  occurs  only  in  albuminous  urine,  and  is  frequently  present.  Its 
presence  is  ascertained  by  adding  powdered  magnesium  sulphate  in  excess  to  the 
urine ;  when  it  is  present  it  is  precipitated  (§  32).  The  more  globulin  there  is  in 
the  presence  of  albumin,  tlie  more  difficult  it  is  to  precipitate  it.  [Sometimes, 
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when  an  albuminous  urine  is  dropped  into  a  lai-ge  cylinder  of  water,  each  drop  as 
it  sinks  is  followed  by  a  milky  train,  and  when  a  sufficient  number  of  drops  has 
been  added,  the  water  becomes  opalescent,  the  ojialescence  disappearing  on  adding  an  acid.  The 
globulin  is  kejit  in  solution  by  common  salt  and  other  neutral  salts,  but  when  these  are  largely 
diluted,  the  globulin  is  precipitated  {Ilobcrts).] 

3.  Peptone  occurs  in  some  specimens  of  albuminous  urine,  but  also  in  non-albuminous  urine. 
Maixner  found  it  constantly  in  the  urine  in  all  cases  where  suppuration  is  present,  and  even  iii 
phthisis,  constituting  pyogenic  peptonuria.  Peptone  occurs  in  pus,  and  the  peptonuria  in  these 
ca.ses  is  a  sign  of  the  breaking  up  of  the  pus-cells  {Hofmeistcr).  Also  when  many  leucocytes 
are  broken  up  in  the  blood  (hsematogenic).  It  occurs  in  cases  where  there  is  great  disinteo-ration 
of  albuminous  tissues,  e.g.,  in  cancer.  It  is  frequently  found  after  child-birth.  Ammonium 
sulphate  precipitates  all  proteids  except  peptones  (p.  249). 
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Test.— Separate  the  albumin  by  boiling  and  the  addition  of  acetic  acid.  Treat  tlie  filtrate 
with  throe  volumes  of  alcohol  ;  this  precipitates  the  peptone,  which,  when  dissolved  in  water, 
gives  the  characteristic  reactions  for  peptone  (§  166,  1.). 

4.  Propeptone,  or  Hemialbumose,  occurs  very  rarely,  e.g.,  in  osteomalacia  and  intestinal 
tuberculosis  (i,\'/(ff  Jones).  Tlie  urine  is  treated  to  saturation  with  NaCl  and  a  large  quantity 
of  acetic  acid  added,  and  filtered  while  liot,  to  separate  tlie  albumin  and  globulin.  In  the  cold 
filtrate  propeptone  forms  a  turbidity,  which  is  redissolved  by  heat.  The  precipitate  thrown 
down  by  HCl  and  HNO3  is  soluble  by  heat  {Kiihnc).  The  ])recii»itate  is  isolated  by  filtration, 
and  dissolved  in  a  little  warm  water,  when  it  gives  with  HNO3  a  yellow  reaction;  like  peptone 
the  solution  gives  the  biuret-reactioii  (p.  248). 

5.  Egg-albumin  appears  in  tlie  urine  when  much  egg-albumin  is  taken  in  the  food,  and  also 
when  it  is  injected  into  the  blood-vessels  (55  19-2,  4).  According  to  Semmoln,  the  albumin 
present  in  the  urine  in  Bright's  disease  has  undergone  a  molecular  change  (similar  to  egg- 
albumin),  and  hence  it  is  excreted. 

6.  Mucus  is  present  in  large  amount,  especially  in  catarrh  of  the  bladder.  It  contains 
niunerous  mucus  corpuscles,  wliich  are  scarcely  distinguishable  from  pus  corpuscles.  They  con- 
tain albumin,  so  that  urine  containing  much'  mucus  is  albuminous  ;  mucin  is  not  precipitated 
by  heat,  but  acetic  acid  gives  a  tiocculent  precipitate  in  clear  urine.  [Minute  traces  of  mucin 
occur  normally  in  urine.  If  clear  normal  urine  be  set  aside  for  a  short  time,  a  fiocculent  hazi- 
ness, like  a  cloud  of  cotton  wool,  is  seen  fioating  in  the  urine.  Tliis  is  mucus  entangling  a  few 
epithelial  cells  from  the  genito-urinary  tract.  Mucin  Reaction. —According  to  AV.  Koberts, 
the  addition  of  a  concentrated  solution  of  citric  acid  to  urine,  as  in  Heller's  test  (§  264,  a), 
where  the  two  fluids  meet,  causes  an  opalescent  zone  gradually  to  be  formed  above  the  layer  of 
acid.] 

265.  BLOOD  IN  URINE  (HEMATURIA)— H.ffiMOGLOBINURIA.— I.  Source  of  the 
Blood. — (1)  In  hsematuria,  the  blood  may  come  from  any  part  of  the  urinary  apparatus.  1. 
In  ha'morrliage  from  the  kidney,  the  amount  of  blood  is  usually  small  and  well  mixed  with  the 
urine.  The  presence  of  "blood-cylinders,"  long  microscopic  blood  coagula,  casts  of  the  urini- 
ferous  tubules,  washed  out  of  them  by  the  urine,  is  characteristic  when  they  are  found  in  the 
urine  (fig.  275).  The  urine  usually  has  a  smoky  appearance.  [The  urine  slowly  dissolves  out 
the  colouring  matter,  the  stroma  of  tlie  corpuscles  after  a  time  being  deposited  as  a  brownish 
sediment.  The  smoky  hue  occurs  only  in  acid  urine  ;  if  the  urine  becomes  alkaline,  the  hue 
becomes  brighter  red.]  The  blood-coriiuscles  show  peculiar  changes  of  form,  [they  become 
crenated]  (fig.  264),  and  exhibit  evidence  of  division,  due  to  the  action  of  urea  on  them  (§  5). 
Large  coagula  are  never  found  in  urine  mixed  with  blood  derived  from  the  kidney.  2.  In 
hfemorrhage  from  the  ureter,  Ave  occasionally  find  worm-like  masses  of  clotted  blood,  casts  of 
the  canal  of  the  ureter.  •S.  The  relatively  largest  coagula  occur  in  hfemorrhage  from  the 
bladder.  In  all  cases  where  blood  is  present,  we  .dSifflf"te 
must  examine  microscopically  for  the  blood-cor-         .^atfi ^^^Sff/,  ^ 

puscles,  and  it  may  be  for  coagula  of  fibrin.    In        "^Hw^^^    ^  /I 
acid  urine,  blood-corpuscles,  but  never  arranged  in    ^LS^^T  ^  r~\ 

rouleaux,  may  be  found  after  two  to  three  days.  ^S^P^  ^^-^    ^  *^  O 

The  blood-corpuscles  settle  as  a  red  sediment  at  ^'^^         ^^^m^       (^~2>        r\  ^ 
the  bottom.    If  the  hanuorrhage  is  copious  many  ^^T^^jfa^j^^      ^"^^^  rO 
retain  their  original  shape,  but  if  the  urine  is  ^^^^^iS^J^™^  U     O  ^ 

very  concentrated,  they  may  become  crenated.  W^W     J))         f\  0 

When  there  is  a  sinall  and  slow  htemorrhagc  ^^^ta  CJ 

from  ruptured  small  capillaiies,  the  red  blood-      ^rifl^ jM^^^f'^ 
corpuscles  are  of  unequal  size,  many  i  to  =^  the  ^"fy^g^ 

size  of  normal,  while  tlic  pigment  has  become  Yiit.  264.  Fig.  265. 

brownish-yellow  (fig  265)    p.     264. -Crenated  red  blood-corpuscles  in 

If  a  h.'cmorrhage  of  this  kind  be  accompamed  by     -  265.-Peculiar  changes 

catarrhal  inflammation  of  the  bladder,   here  is      j.  ^  '  ^  blood-corpuscles  in  renal  lu-cnia- 
found  between  the  red,  numerous  shrivelled  leuco-     +    •  ^ 
cytes  (fig.  265),  which  in  freshly  passed  urine 

often  exhibit  lively  auKcboid  movements.  If  the  urine  be  alkaline,  as  it  usually  is,  crystals 
of  triple  phosphate  also  occur. 

If  the  remains  of  the  red  blood-corpuscles  become  very  pale,  their  presence  may  be  frequently 
ascertained  by  adding  iodine  in  a  solution  of  KI  (fig.  265).  Blood  is  constantly  present  in  the 
urine  during  menstruation. 

II.  Haemoglobinuria  is  quite  distinct  from  luvmaturia.  It  dejiends  upon  the  excretion  of 
hjemoglobin  as  such  through  the  kidneys,  and  it  is  produced  when  hicmoglobin  occurs  free 
within  the  blood-vessels,  as  in  cases  where  tlie  coloured  blood-corpuscles  have  been  dissolved 
inside  the  blood-vessels  (ha-mocytolysis).  It  occurs  when  foreign  blood  is  transfused,  e.g.,  when 
lamb's  blood  is  transfused  into  man.  The  foreign  blood-corpuscles  are  dissolved  in  the  blood 
of  the  recipient,  and  the  hemoglobin  appears  in  the  urine  (§  102).    In  addition,  microscopic 
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cvlinders  "  or  "  caste,"  consistinj;  of  a  globulin-like  body  tinged  Y^l^v  with  |;j;^'"oglobh. 

uretted  hydrogen,  and  after        Pa«sag;  «  j^^'^e^^  Ket  ectL'of  laky  blood, 

rate  chloral,  phosphorus,  or  carbolic  acul  into  the  cue  nation.    Li"«  \;^„^„„  :f  in  such 

^f;;  ethe,.  Vy<ivin  iAcla.^s),  or  toluylendiainiu  -J^^^J 

passes  out  through  the  glomeruli, 
while  brown  degeneration-products 
of  the  red  blood-corpuscles,  which 
are  dissolved  by  these  agents,  were 
found  in  the  convoluted  tubules.] 
These  substances  dissolve  the  red 
blood-corpuscles.  Sometimes  it  oc- 
curs periodically  from  causes  and 
conditions  as  yet  but  little  under- 
stood, e.g.,  th'a  application  of  cold 
to  the  skin. 

Tests  for  Blood  in  Urine.— 1.  The 
colour  of  bloody  urine  shows  every 
tint,  from  a  faint  red  to  a  dark 
blackish-brown,  according  to  the 
amount  of  blood  present.  The  urine 
is  often  turbid. 

2.  Urine  containing  blood  or  blood- 
pigment  contains  albriniin. 
3   Heller's  Blood  Test.— Add  to  urine  half  its  volume  of  solution  of  caustic  potash  and  heat 
gently.    The  earthy  phosphates  are  precipitated,  and  they  carry  the  hajmatm  with  them,  tall- 
uig  as  garnet-red  fiocculi.    [This  is  not  a  reliable  test.  J  „  r,,^         i  <•  fi,n„> 

4.  H^min  Test.— The  coloured  earthy  phosphates  may  be  collected  on  a  filter,  and  tiom  them 
hffimin  mav  be  prepared  as  directed  in  §  19.  ,  •    i    4.1  . 

5.  Almen's  Test.— Add  to  urine,  freshly  prepared  tincture  of  guaiacum  and  ozonised  ethei  , 
a  blue  colour  indicates  the  presence  of  blood  (§  37).  ^        m  ■ 

6.  Spectroscope  (see  §  14).    Fig.  268  shows  the  arrangement  of  the  apparatus,    ihe  urine 
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Fig.  267. 


Fif.  266.— Coloured  and  (a)  colourless  blood-corpuscles 
of  various  forms.  Fig.  267.— Shrivelled  blood-corpuscles 
in  urine  (catarrh  of  the  bladder),  with  numerous  lymph- 
corpuscles,  and  crystals  of  triple  phosphate,  x  350. 


Fig.  268. 

Spectroscope  for  investigating  the  presence  of  htemoglobin  in  urine. 

is  placed  in  a  glass  vessel,  D,  with  parallel  sides,  1  centimetre  apart  (hsematinometer).  Light 
from  a  lamp,  E,  passes  through  the  fluid.  The  lamp,  F,  illuminates  the  scale  which  is  seen  by 
the  observer  through  the  telescope,  A.    (a)  Fresh  urine  containing  blood  gives  the  spectrum 
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of  oxyhsemoglobin  (fig.  17).  {h)  "When  bloody  uriue  is  exposed  for  some  time,  especially  in 
a  Wiu  m  place,  it  becomes  more  acid,  and  assumes  a  dark  brownish-black  colour.  The  hiemoglobin 
becomes  changed  into  methsemoglobin  (§  15).  It  is  precipitated  by  lead  acetate,  which  does 
not  precipitate  oxyhajmoglobin ;  the  spectrum  of  methremoglobin  resembles  that  of  luematin  in 
an  acid  solution  (§  15,  lig.  17).  The  spectra  may  be  combined,  (c)  The  microscopic  investiga- 
^'6*6)         "^^"^^      omitted.    The  shape  of  the  corpuscles  may  vary  considerably  (tigs.  264  to 

266.  BILE  IN  URINE  (CHOLURIA).— The  physiological  conditions  which  cause  the  bile- 
constituents  to  appear  in  the  urine  are  mentioned  in  part  at  §  180. 

Hsematogenic,  or  Anhepatogenic  Icterus  {Quincke),  occurs  when  bilirubin  (§  20)  is  formed 
from  extra vasated  blood  by  the  action  of  tlie  connective-tissue  corpuscles,  so  that  bile  pigments, 
in  addition  to  colouring  the  tissues,  pass  into  the  uriue. 

I.  Bile  Pigments.  —Their  presence  is  ascertained  by  Gmelin-Heintz's  test.  Green  (Biliverdin) 
is  the  characteristic  hue  in  the  play  of  colours  obtained  with  this  test,  which  is  fully  described 
in  §  177. 

Modifications  of  the  Test.— 1.  If  icteric  urine  be  filtered  through  filtering  or  blotting  paper, 
a  drop  of  nitric  acid  containing  nitrous  acid,  when  applied  to  the  inner  surface  of  the  spread- 
out  filter,  gives  a  yellowish  coloured  ring  (Eoscnhach).  2.  In  order  that  the  reaction  may  not 
take  place  too  rapidly,  add  a  concentrated  solution  of  sodic  nitrate,  and  then  slowly  pour  in 
sulphuric  acid  (Fldschl).  3,  On  shaking  50  c.c.  of  icteric  urine  with  10  c.c.  of  chloroform, 
the  bilirubin  is  dissolved  by  the  latter.  On  adding  bromide  water,  a  beautiful  ring  of  colours 
is  obtained  {ilaly).  If  the  cliloroform  extract  be  treated  with  ozonised  turpentine  and  dilute 
caustic  potash,  a  green  colour,  due  to  biliverdin,  occurs  in  the  watery  fluid  (GerJmrcU). 

In  slight  degrees  of  jaundice,  urobilin  alone  may  be  found  (§  261,  1)  (Quincke). 

In  persistent  high  fever,  the  urine  contains  especially  biliprasin  {Huppert).  If  it  contains 
choletelin  alone,  add  to  the  urine  some  hydrochloric  acid,  and  examine  it  with  the  spectroscope, 
which  gives  a  pale  absorption-band  between  h  and  F  (§  177,  3,/). 

Hsematoidin. — Sometimes  crystals  oihmmatoidin  (§  20,  fig.  14)  appear  in  the  urine,  especially 
when  blood-corpuscles  are  dissolved  within  the  blood-stream ;  occasionally  in  scarlet  fever  and 
typhus,  and  sometimes  in  cases  of  periodic  hsiimoglobinuria.  The  breaking  up  of  old  blood- 
clots  in  the  urinarj'  passages,  as  in  pyonephrosis  (Ebsiein),  or  the  dissolution  of  necrotic  areas 
[Hofniann  and  Ultzmann)  produces  them,  and  similar  crystals  occur  in  analogous  cases  in  the 
sputum  (§  138).  In  jaundice  due  to  congestion  (§  180),  the  identical  crystalline  substance, 
bilirubin,  is  found. 

II.  Bile  acids  occur  in  largest  amount  in  absorption  jaundice,  but  they  are  never  present  to 
any  extent.  The  test  is  described  at  §  177,  2,  the  cane-sugar  solution  consisting  of  0'5  grm.  to 
1  litre  of  water.  If  the  urine  be  dilute,  it  is  advisable  to  concentrate  it  on  a  water-bath.  [It 
is  rare  to  get  a  satisfactory  result  with  Pettenkofler's  test  in  ordinary  icteric  urine.]  V. 
Pettenkofer's  test  may  be  used  with  the  alcoholic  extract  of  the  nearly  dry  residue,  but  no 
albumin  must  be  present.    Dragendorff  found  O'S  grm.  in  100  litres  oi  normal  urine. 

Strassburg's  Modification. — Dip  filter  paper  into  the  urine,  to  which  a  little  cane-sugar  has 
been  added ;  dry  the  paper  and  apply  to  it  a  drop  of  sulphuric  acid.  A  violet-red  colour  is 
obtained  after  a  short  time.    [Hay's  Reaction  (§  177).] 

267.  SUGAR  IN  URINE  (GLYCOSURIA).— Diabetes  MeUitus.— The  excessively  minute 
trace  of  grape-sugar  or  dextrose,  which  is  constantly  present  in  normal  urine,  sometimes 
becomes  greatly  increased  and  constitutes  the  conditions  of  diabetes  mellitus  and  glycosuria. 
The  physiological  conditions  which  determine  this  result  are  given  at  §  175.  In  this  condition, 
the  quantity  of  urine  is  greatly  increased,  it  may  reach  10  or  more  litres.  Many  pints  may  be 
passed  daily.  [The  usual  abnormal  amount  of  sugar  is  from  1  to  8  per  cent.,  althougii  15  per 
cent,  has  been  found,  i.e.,  found  from  5  to  50  grs.  per  fluid  oz.,  or  300  to  4000  grs.  in  twenty- 
four  hours.]  The  specific  gravity  is  also  increased  (1030  to  1040).  [In  a  case  where  a  large 
amount  of  urine  is  passed  of  a  'pale  colour  and  a  specific  gravity  above  1030,  always  suspect 
sugar.]  A  diabetic  person  gives  off  relatively  more  water  by  the  kidneys  and  less  by  the  skin 
(and  lungs  ?)  than  a  healthy  person.  The  colour  is  very  pale  yellow,  although  the  amount  of 
pigment  is  by  no  means  diminished — it  is  only  diluted  [the  depth  of  the  colour  being  inversely 
as  the  quantity  passed].  The  amount  of  the  nitrogenous  urinary  excreta  is  increased.  The 
sugar  is  increased  by  a  diet  of  carbohydrates  and  diminished  by  an  albuminous  diet.  The  uric 
acid  and  oxalate  of  lime  are  often  increased  at  the  commencement  of  the  disease,  while  yeast 
cells  are  constantly  present  after  the  urine  has  been  exposed  to  the  air  for  some  time. 

Sugar  has  been  found  occasionally  after  poisoning  with  or  after  the  use  of  morphia,  CO, 
chloral,  chloroform,  curara;  after  the  injection  of  ether  and  amyl  nitrite  into  the  blood  ;  and  in 
gout,  intermittent  fever,  cliolera,  cerebro-spinal  meningitis,  hepatic  cirrhosis,  and  cardiac  and 
pulmonary  aHections. 

[There  is  no  doubt  that  normal  healthy  human  urine  contains  a  reducing  agent,  which  reduces 
cupric  oxide  to  the  same  extent  as  if  tlie  urine  on  an  average  contained  6  grains  of  glucose  in 
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every  10  fluid  ounces  of  urine,  or  1-34  gnna.  pr  litre.  As  this  substance  does  not  cause 
alcoholic  fermentation  in  its  solutions,  its  identit)^  with  glucose  appears  to  be  doubtful.  The 
most  active  reducinj:  agent  is  probably  kreatinin  {G.  S.  JuJuisoii).] 

Tests.— Any  of  the  tests  described  at  S  149  may  be  used,  but  the  urine  must  be  free  from 
albumin.  The  quantitative  estimation  by  fermentation  and  the  titration  methods  are  described 
in  ^  149.  [Tlie  tests  for  grape-sugar  described  in  §  149  are  (1)  Tiomnier's  ;  (2)  Fehling's  ;  (3) 
Moore  &  Heller's  ;  (4)  Bottger's  ;  (5)  Mulder  &  Neubauer's  ;  (6)  Fermentation  test.] 

7.  Womi-Miiller  recommends  the  following  modification  of  Fehling's  test.  Use  a  2 '5  per 
cent,  solution  of  cupric  sulphate  solution,  and  another  of  10  parts  of  sodio-potassic  tartarate  in 
100  parts  of  4  per  cent,  solution  of  soda.  Boil  5  c.cm.  of  urine  in  a  test-tube,  while  in  a  second 
test-tube  is  boiled  1  to  3  c.cm.  of  tiie  copper  solution  and  2-5  c.cm.  of  the  potassio-tartarate 
solution.  The  boiling  of  both  fluids  is  stopped  simultaneously,  and  after  20  to  25  seconds  the 
contents  of  one  test-tube  are  added  to  those  of  the  other,  but  without  shaking  the  mi.xture,  the 
reduction  taking  place  spontaneously. 

8.  Nylander's  modification  of  Buttger's  test  is  also  good  (§  149). 

[9.  Picric  Acid  and  Potash  Test.— Braun  showed  that  grape-sugar,  when  boiled  with  picric 
acid  and  potash,  reduces  the  yellow  picric  acid  to  the  deep  red  picramic  acid,  the  depth  of  the 
colour  depending  on  the  amount  of  sugar  present.  Dr  Johnson  uses  this  test  for  detecting  the 
presence  of  sugar  in  urine,  and  also  for  estimating  the  amount  of  sugar  present,  the  depth  of  the 
red  colour  obtained  in  boiling  being  compared  with  a  standard  dilution  of  ferric  acetate.  In 
doing  the  test,  use  1  drachm  of  urine,  ^  a  drachm  of  li(|uor  potassa-,  and  10  minims  of  picric 
acid  solution  ;  make  up  to  2  drachms  witli  distilled  water,  and  boil  the  mixture  lor  one  minute. 
This  test  indicates  the  presence  of  0"6  grain  of  sugar  per  fluid  ounce  of  normal  urine.  Dr 
Johnson  claims  for  this  test  that  it  possesses  all  the  advantages  of  the  other  tests,  while  it  is 
not  afl'ected  by  uric  acid  or  any  other  normal  ingredient  of  urine  ;  neither  does  the  presence  of 
albumin  interfere  with  the  action  of  the  test  as  it  does  with  all  the  forms  of  copper  testing.] 

[10.  Indigo-carmine  Test. — A  blue  solution  of  this  substance,  when  boiled  with  diabetic 
urine  containing  sodic  carbonate,  changes  from  a  blue  to  a  violet,  purple,  red,  yellow,  and 
Anally,  straw-yellow  colour.  After  cooling  and  exposure  to  the  air,  the  various  colours  aie 
obtained  in  the  reverse  order  until  the  mixture  becomes  blue  again.  Dr  Oliver  uses  this  test  in 
the  form  of  test-papers.  One  bibulous  paper  is  impregnated  with  the  indigo-carmine  and  the 
other  with  sodic  carbonate.  Drop  one  of  the  test-papers  and  a  sodic  carbonate  paper  into  a 
test-tube  containing  Ih  inches  of  water,  heat  gently,  when  a  blue  solution  is  obtained.  Add 
the  urine  slowly,  one  drop  at  a  time,  and  boil  the  mixture,  observing  any  change  of  colour  by 
holding  the  tube  against  a  white  surface  below  the  level  of  the  eye.  Uric  acid  and  urates,  which 
reduce  Fehling's  solution,  do  not  ati'ect  the  carmine  test,  nor  does  kreatinin,  although  it  reacts 
with  the  picric  acid  test.] 

[Quantitative  Estimation.  — (a)  Fermentation  Test  (§  150).  Take  4  oz.  (120  c.c. )  of  the  urine  ; 
adil  a  lump  of  German  yeast,  about  the  size  of  a  walnut,  lightly  cork  the  bottle,  and  place  it 
aside  for  twenty-four  hours  in  a  moderately  warm  place,  e.g.,  on  the  mantelpiece.  Take  the 
specific  gravity  before  and  after  the  fermentation.  Thus,  if  the  specific  gravity  be  1038  before 
and  1013  afterwards,  the  ditterence  or  "  density  lost"  is  25,  which  gives  25  grs.  of  sugar  per 
fluid  oz.  {Roberts).  If  it  be  desired  to  get  the  percentage,  multiply  the  density  lost  by  0-23, 
thus  25  X  0-23  =  5-69  in  100  parts.] 

[(6)  Volumetric  Analysis.— 10  c.c.  of  Fehling's  solution  =  '05  gramme  of  sugar. 

1.  Ascertain  the  quantity  of  urine  passed  in  twenty-four  hours.  2.  Filter  the  nrine,  and 
remove  any  albumin  present  liy  boiling  and  filtration.  3.  Dilute  10  c.c.  of  Fehling's  solution 
with  about  twenty  times  its  volume  of  distilled  water,  and  place  it  in  a  white  porcelain  capsule 
on  a  wire  gauze  support  under  a  burette.  (It  is  diluted  because  any  change  of  colour  is  more 
easily  observed.)  4.  Take  5  c.c.  of  the  urine,  and  95  c.c.  of  distilled  water,  and  place  the  diluted 
urine  in  a  burette.  5.  Gradually  boil  the  diluted  Fehling's  solution,  and  whilst  it  is  boiling 
gradually  add  the  diluted  urine  from  the  burette,  until  all  the  cuprous  oxide  is  precipitated  as 
a  reddish  powder,  and  the  suiiernatent  fluid  has  a  straw-yellow  colour,  not  a  trace  of  blue  re- 
maining. Read  ofl' the  number  of  c.c.  oi  dilute  urine  employed.  Say  36  c.c.  were  used — that, 
of  course,  represents  1-8  c.c.  of  the  original  urine.  Suppose  the  patient  passes  1550  c.c.,' 
as  1-8  c.c.  of  urine  reduced  all  the  cupric  o.xide  in  the  10  c.c.  of  Fehling's  solution,  it  must 
contain  "05  gramme  sugar,  hence, 

1550  X  '05 

1  '8  : 1550  : :  -05  :  pg  =  237 "5  grammes  of  sugar  passed  iu  24  hours.] 

[Preparation  of  Fehling's  Solution.— 34-64  grammes  of  pure  crystalline  cupric  sulphate  are 
powdered  and  dissolved  in  200  c.c.  of  distilled  water  ;  in  another  vessel  dissolve  173  grammes 
of  Rochelle  salts  in  480  c.c.  of  pure  caustic  soda,  specific  gravity  1-14.  ]Mix  the  two  solutions, 
and  dilute  the  deep  coloiu-ed  fluid  which  results  to  1  litre.  N.B. — Fehling's  oucht  not  to  be 
kept  too  long  ;  it  is  apt  to  decompose,  and  should  therefore  be  preserved  froin  the^liglit,  or  pro- 
tected with  opa(|ue  paper  pasted  on  the  bottle.  Some  other  substances  in  urincj'^c.f/. ,  urates 
and  uric  acid,  reduce  cupric  oxide.  ] 
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(c)  According  to  Worm-Miiller,  the  polarization  method  is  almost  valueless  for  diabetic 
urine. 

[Picro-Saccharimeter. — G.  Johnson  uses  a  stoppered  bottle  12  inches  long  and  f  inch  wide, 
graduated  in  ^S^ths  and  rUths  (fig.  269).  To  it  is  iixed  a  shorter  bottle  containing  the 
standard  iron-solution  for  comparison,  a  standard  solution,  composed  of  lii^uor  i'erri  per- 
chloride  3j,  liq.  amnion,  acetatis  5iv,  glacial  acetic  acid  5iv,  liij.  amnioniie  5i,  and  water  to 
make  up  5iv.  All  B.  P.  preparations  give  a  colour  identical  with  a  solution  containing  1  gr. 
of  grape-sugar  per  02. ,  reduced  by  picric  acid  and  afterwards  diluted  four  times,  so  tliat  this 
tint  =1  gr.  of  sugar  per  oz.  After  reducing  the  sugar  with  the  picric  acid,  pour  into  the  tall 
tiibe  the  dark  saccharine  liquid  produced  by  boiling  to  occupy  ten  divisions  of  tlie  tube,  and  add 
distilled  water  cautiously  until  the  colour  approaches  that  of  the  standard ;  read  off  the  level  of 
the  fluid.  The  amount  of  sugar  present  is  determined  from  the  amount  of  water  added.  In 
making  the  test,  the  picric  acid  must  be  added  in  proportion  to  the  amount  of  sugar  present.] 

If  large  quantities  of  dextrose  are  taken  in  the  food,  a  part  of  it  (and  more  in  diabetic  persons) 
appears  in  the  urine.  Lwvulose,  when  taken  internally,  does  not  increase  the  amount  of  sugar 
in  diabetes.  The  free  use  of  starch  does  not  cause  glycosuria  in  health,  but  in  diabetes  it  in- 
creases the  amount  of  sugar.  A  large  consumption  of  cane-  or  milk-sugar  causes  the  passage 
of  small  quantities  of  both  of  these  sugars  into  the  urine  in  health,  while  in  diabetes  the  amount 
of  dextrose  is  increased  ( Worm-MnUcr).  According  to  Kiilz,  in  diabetic 
persons  cane-sugar  splits  up  into  grape-  and  fruit-sugar,  the  latter  being 
used  up  in  the  body,  the  former  partly  excreted  ;  and  the  same  is  the  case 
with  milk-sugar. 

In  severe  cases  of  diabetes  mellitus,  Kiik  found  the  left-rotatory  jS-oxy- 
butyric  acid  (the  next  highest  analogue  of  lactic  acid)  in  the  urine,  from 
which  acetic  acid  is  formed  by  oxidation  (§  175),  whicli  in  its  turn  readily 
yields  CO.^  and  aceton.  o-crotonic  acid  is  formed  in  urine  by  the  removal 
of  water  from  oxybutyric  acid  in  the  urine  in  diabetes  {Stadclmann).  The 
administration  of  aceton  causes  albuminuria,  and  this  may  in  part  explain 
in  some  cases  the  complication  of  albuminuria  in  diabetes  {Alhcrtoni  and 
Piscnti). 

Aceton,  or  Aceton-yieldmg  substance,  probably  aceto-acetic  acid,  is  some- 
times found  in  diabetic  urine.  It  has  a  peculiar  vinous  odour,  and  it  has 
been  detected  in  the  urine  during  fever.  Gerhardt  described  a  peculiar 
substance  in  diabetic  urine,  which  gave  a  deep  red  colour  with  percliloride 
of  iron.  This  substance  is  probably  diacetic  ether,  and  he  considered  it  to 
be  the  source  of  aceton ;  but  it  is  more  probably  derived  from  aceto-acetic 
acid.  Tests  for  Aceton. — (1)  Perchloride  of  iron  =  Burgundy-red  colour; 
but  this  is  not  reliable.  (2)  Lieben  suggested  an  iodoform  test.  Dissolve 
20  grains  of  KI  in  a  fluid  drachm  of  liq.  potas.SiE,  and  boil  the  fluid.  Pour 
the  suspected  urine  on  the  sur- 


face,  when  a  ring  of  phosphates 
is  deposited  from  the  urine  by 
the  hot  alkaline  solution.  If 
aceton  be  present,  after  a  time 
the  deposit  becomes  yellow,  and 
yellow  granules  of  iodoform  ap- 
pear and  sink  to  the  bottom  of 
the  test-tube.  The  only  other 
substance  which  may  be  met 
witli  in  the  urine  giving  this  re- 
action is  lactic  acid. 

Milk-sugar  is  sometimes  found 
in  the  urine  of  women  who  are 
nursing  ;  when  the  secretion  of 
milk  is  arrested,  absorption  tak- 
ing place  from  the  breasts  {Kir- 
LsBVulose  is  sometimes  found  in 
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Picro-saccharimeter 
of  G.  Johnson. 

stcn,  Spicgelbcrq). 
diabetic  urine  (§  252). 

Dextrin  has  also  been  found  in  diabetic  urine. 
Inosit,  or  muscle-sugar  (§  262),  is  sometimes  found  Jnosit  crystallised  partly  from  alcohol  and 
in  dialjetes,  in  polyuria,  and  albuminuria.     It  is         partly  from  water  (after  i^^^?^^'<J). 
found  in  traces,  even  in  normal  uiine.  Occasionally, 

after  the  piqure  in  animals  (§  175),  inosit,  instead  of  grape-sugar,  appears  in  the  urine  (fig.  270). 
In  testinc  for  inosit,  remove  the  grape-sugar  by  fermentation,  and  the  albumin  by  heat  after  the 
addition  of  a  few  drops  of  acetic  acid  and  sodic  sulphate.  Some  of  the  filtrate  is  evaporated 
nearly  to  dryness  on  a  capsule.  To  the  residue  add  two  drops  of  mercuric  nitrate  (Liebig's 
titration  fluid  for  urea\  which  gives  a  yellow  precipitate.    When  this  coloured  residue  is  spread 
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out  and  carefully  heated,  a  dark  red  colour,  which  disappears  on  cooling,  is  obtained  {GalMs, 
mil  )     [Iiiosit  gives  a  green  when  boiled  with  Fehlmg's  solution.] 

268  CYSTIN.-This  left-rotatory  body  C„H,,N,S,0  occurs  very  seldom  in  l^^^^^'^^"^ 
iu?rl^-,  although  it  seen,  to  be  a  --tituent  of  non^^^^^  Ylcohd!  at? ether  Yut 

^^^^  ^^^^^^^  1^ 

urine  (Stadlhagen). 

ocQ  TFTTPT-NT-n  H  NO      TYKOSIN  =  C„H„NO.,.— Both  bodies  occur  in  the  urine  in  acute 
yeUow^aSphTof  th!'Sr,  1 1  in  poisoni/Zg  bV  phosphorus     (Their  formation  durnjg 
pa  ci^atic  digltion  has  beek  referred  to  in  §  170,  II.)    As  '^^X'''f\^''^'l'^^'^^^ 
diminished  at  the  same  time,  it  is  assumed  that,  in  these  diseases,  the  further  oxidation  of  the 
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Fig.  271. 


Fig.  272. 


a,  a,  leucin  balls ;  b,  b,  tyrosin  sheaves ; 
c,  double  balls  of  ammonium  urate. 


A,  crystals  of  cy.stin  ;  B,  oxalate  of  lime  ; 
c,  hour-glass  forms  of  B. 

derivatives  of  the  proteids  is  interfered  with.  Leucin,  which  is  either  precipitated  spontane- 
ously or  obtained  after  evaporating  an  alcoholic  extract  of  the  concentrated  urine,  occurs  in 
the  form  of  yellowish-brown  balls  (fig.  272,  a,  a),  often  with  concentric  markings,  or  with  fine 
spines  on  their  surface.    When  heated,  it  sublimes  without  fusing. 

Tyrosin  forms  silky  colourless  sheaves  of  needles  (fig.  272,  h,  h).  When  boiled  with  mercuric 
nitrate  and  nitric  acid  it  gives  a  red  colour,  and  afterwards  a  brownish-red  jirecipitate.  Piria's 
Test. — When  slightly  heated  with  a  few  drops  of  concentrated  sulphuric  acid,  it  dissolves  with 
a  temporary  deep  red  colour.  On  diluting  with  water,  adding  barium  carbonate  until  it  is 
neutralised,  boiling,  liltering,  and  adding  dilute  ferric  chloride,  a  violet  colour  is  obtained 
[Piria,  Sladdcr). 

270.  DEPOSITS  IN  URINE.— Deposits  may  occur  in  normal  and  in  patho- 
logical urine,  and  they  may  be  either  "  organised"  or  "  unorganised."' 

I.  Organised  Deposits. 

A.  Blood  :  red  and  white  blood-corpuscles  and  sometimes  fibrin  (figs.  264-266). 

B.  Pus,  in  greater  or  loss  amount  in  catarrh  or  inflammation  of  the  urinary  passages.  Pus 
cells  exactly  resemble  colourless  blood-corpuscles  (figs.  9,  267).  Donne's  Test. — Pour  oil' the 
supernatent  fluid  and  add  a  piece  of  caustic  potash  to  the  deposit ;  if  it  be  pus  it  becomes 
gelatinous,  ro]jy,  and  more  viscid  (alkali-albuminate).  Mucus,  when  so  acted  on,  becomes 
more  fluid  and  mixed  with  flocculi. 

C.  Epithelium  of  various  forms  occurs,  but  it  is  not  always  possible  to  say  whence  it  is 
derived. 


TUBE  CASTS  IN  UBINE. 


D.  Spemiatozoa  may  be  present. 

E.  Lower  organisnis  occur  in  the  urinary  passages  very  seldom,  but  they  nioy  be  present, 
c^/., m  the  bladder,  when  germs  are  introduced  from  without  by  means  of  a  d'irty  catheter. 
[Beiore  introducing  a  catheter  into  the  bladder  one  ought  always  to  make  sure  that  the  instru- 
ment is  perfectly  aseptic]  Micrococci  are  found  in  the  urine  in  certain  diseases,  e.g., 
diplitheria.    The  following  forms  are  distinguished  : — 

1.  Schizomycetes  (§  184).  JVormal  human  urine  contains  neither  schizoraycetes  nor  their 
spores.    Ill  pathological^  conditions,  however,  fungi  may  pass  from  the  blood  into  the  urinary 
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mould  ;  /,  yeast ;  d.  g, 
micrococci  and  bacilli  ;  a,  b,  c,  uric  acid. 


tubules  and  thus  reach  the  urine  {Lcuhc) 
the  alkaline  fermentation  of  urine,  micrococci, 
rod-shaped  bacteria  or  bacilli  (fig.  273)  appear! 
Sarcinse  belong  to  the  group  (§  186). 

2.  Saccharomycetes  (fermentation  fungi)  :  {a) 
The  fungus  of  tlie  acid  urine  fermentation  (S. 
urinse)  consists  of  small  bladder-like  cells  arranged 
either  in  chains  or  in  groups  (figs.  260,  a  ;  273,  /). 
(ft)  Yeast  (S.  fermentum)  occurs  in  diabetic  urine, 
as  oval  cells  with  a  dotted  eccentrically-placed 
nucleus  (fig.  237). 

3.  Phytomycetes  (moulds)  occur  in  putrid  urine 
(fig.  273,  t).     They  are  without  clinical  signifi-  Fungi  in  urine 
cance. 

F.  Tube  Casts.— The  occurrence  of  tube  casts,  i.e.,  casts  of  the  uriniferous  tubules  {Henle, 
1837),  is  of  great  importance  in  the  diagnosis  of  renal  diseases.  If  these  structures  are  relatively 
thick  and  straight,  they  probably  come  from  the  collecting  tubules,  but  if  they  are  smaller  and 
twisted,  they  probably  come  from  the  convoluted  tubules.  There  are  various  forms  of  tube 
casts  : — 1.  Epithelial  casts,  consisting  of  the  actual  cells  of  the  uriniferous  tubules. 
They  indicate  that  there  is  no  very  great  change  going  on,  but  only  that,  as  in 
catarrhal  inflammation  of  any  mucous  membrane,  the  ejnthelium  is  in  process  of 
des(iuamation.  2.  Hyaline  casts  (fig.  280)  are  quite  clear  and  homogeneous,  usu- 
ally long  and  small;  sometimes  they  are  "finely  granular,"  from  the 
presence  of  fat  or  other  particles.  They  are  best  seen  after  the  addition 
of  a  solution  of  iodine.    They  are  probably  formed  from  albumin,  which 
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Fig.  274. — Epithelial  casts.  -Fig.  275. — Blood  cast 


Acid  sodic  urate  in  cylinders. 
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Fig.  276.  —  Leucocyte  cast. 
Finely  granular  cast. 
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passes  into  the  uriniferous  tubules.  They  are  dissolved  in  alkaline  urine,  while  acid  urine 
favours  their  formation.  They  usually  occur  in  the  late  stages  of  renal  disease,  after  the 
tubular  epithelium  has  been  shed.  3.  Coarsely  gi-anular  casts  (fig.  279)  are  brownish- 
yellow,  opaque,  and  granular,  usually  broader  than  2.  There  are  various  forms.  Not  unfre- 
quently  there  are  fatty  granules,  and,  it  may  be,  epithelial  cells  in  them.  4.  Amyloid  casts 
occur  in  amyloid  degeneration  of  the  kidneys  (fig.  280).  They  are  refractive  and  completely 
homogeneous,  and  give  a  blue  colour  (amyloiil  reaction)  with  sulphuric  acid  and  iodine.  5.  Blood 
casts  occur  in  capillary  Inemorrhage  of  the  kidney,  and  consist  of  coagulated  blood  entangling 
blood-corpuscles  (fig.  275).    AMien  tube  casts  are" present,  the  urine  is  always  alhuminous. 

Leucocyte  casts  occur  in  suppurating  conditions  of  the  urinary  tubules  (fig.  280).  The  urates 
in  the  form  of  casts  (fig.  277)  are  without  significance. 


II.  Unorganised  Deposits. 

'  Some- of  these  are  crystalline  and  others  are  anioriDhous,  and  they  have  been  referred  to  in 
treating  of  the  urinary  constituents. 
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271.  SCHEME  FOR  DETECTING  URINARY  DEPOSITS.— I.  In  acid  urine  there  inaj^ 
occur — 

1.  Au  amorphous  granular  deposit : 

(a)  Which  is  dissolved  by  heat  and  reappears  in  the  cold  ;  the  deposit  is  often  reddish  in 

colour  =  urates  (fig.  260). 

(b)  "Which  is  uot  dissolved  by  heat,  but  is  dissolved  by  acetic  acid,  but  without  etlerves- 

cence  =  probably  tribajsic  calcic  phosphate. 

(c)  Small  bright  refractive  granules,  soluble  in  ether  =  fat  or  oil  graniiles  (§  41),  (Lipsemia). 

Fat  occurs  in  the  urine,  especially  when  the  round  worm,  Filaria  sanguinis  hominis, 
is  present  in  the  blood  ;  sometimes,  along  with  sugar,  in  phthisis,  poisoning  with 
phosphorus,  yellow  fever,  pytemia,  after  long-continued  suppuration,  and  lastly,  after 
the  injection  of  fat  or  milk  into  the  blood  102).  It  occurs  also  in  fatty  degenera- 
tion of  the  urinary  apparatus,  admixture  with  pus  from  old  abscesses,  and  after  severe 
injuries  to  bones.  In  these  cases  attention  ought  to  be  directed  to  the  presence  of 
cholesterin  and  lecithin.  Very  rarely  is  the  fat  present  in  such  amount  in  the  urine 
as  to  form  a  cream  on  the  surface  (chyluria). 
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Fig.  279. — Coarsely  granular  casts.  Fig.  280. — Hyaline  casts,  a;  h,  with  leucocytes  ;  c,  with 
renal  epithelium.  Fig  281. — a.  Granules  of  calcic  carbonate  of  lime ;  h,  c,  crystalline  neutral 
calcic  phosphate.  Fig.  282. — Ammonio-magnesic  phosphate.  Fig.  283. — Imperfect  forms 
of  the  same. 


2.  A  crystalline  deposit  may  be — 
(a)  Uric  acid  (fig.  256). 

(6)  Calcium  oxalate  (fig.  258) — octahedra  insoluble  in  acetic  acid, 
(f)  Cystin  (fig.  271). 

(d)  Leucin  and  tyrosin — very  rare  (fig.  272). 
II.  In  alkaline  urine  there  may  occur — 

1.  A  complctcbj  amorphous  granular  deposit,  soluble  in  acids  without  eflfervescence  = 
tribasic  calcic  phosphate. 
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2,  Sediment  crystalline,  or  leith  a  characteristic  form 
S  phosphate  (iia.s.  282,  283),  soluble  at  once  in  acids. 

(6)  Acid  ammoumiu  urate— dark  yellowish  small  balls  often  beset  with  spines,  also 
amorphous  (fig.  284). 

(f)  Calcium  carbonate— small  whitish  balls  or  biscuit-shaped  bodies.    Acids  dissolve 

them  with  etlcrvescence  (fig.  281). 
id)  Leucin  and  tyrosin  (fig.  272)— very  rare. 

(e)  Neutral  calcic  phosphate  and  long  plates  of  tribasic  magnesic  phosphate  (fig.  285). 
Organised  deposits  may  occur  both  in  alkaline  and  in  acid  urine ;  pus-cells  are  more  abundant 
in  alkaline  urine,  and  so  are  the  lower  vegetable  organisms. 

272.  URINARY  CALCULI. — Urinary  concretions  mav  occur  in  granules  the  size  of  sand, 
or  m  masses  as  large  as  the  fist.    According  to  tlieir  size  "they  are  spoken  of  as  sand,  gravel, 

stone,  or  calculi.  They  occur  in"  the  pelvis  of  the  kidney,  ureters, 
bladder,  and  sinus  prostaticus. 

We  may  classify  them  as  follows  {Ultzmann)  :— 

1.  Calculi,  whose  nucleus  consists  of  the  sedimentary  deposits 
that  occur  in  acid  urine  (primary  formation  of  calculi).  They  are 
all  formed  in  the  kidney,  and  pass  into  the  bladder,  where  they 
enlarge  by  the  deposition  of  mat- 
ter on  their  surface. 

2.  Calculi,  which  are  either 
sedimentary  forms  from  alkaline 
urine,  or  whose  nucleus  consists 
of  a  foreign  body  (secondary  for- 
mation of  calculi).  They  are 
formed  in  the  bladder. 

•p.    Q„ ,  The  primary  formation  of  cal- 

-v-  culi  begins  with  free  uric  acid  in     ^    .        -fig-  -»o. 

Acid  ammonium  urate.     ^he  ioxm   of  sheaves  (fig.  256)     Basic  magnesic  phosphate, 
which  form  a  nucleus,  witli  concentric  layers  of  oxalate  of  lime.    The  secondaiy  formation 
occurs  in  neutral  urine  by  the  deposition  of  calcic  carbonate  and  crystalline  calcic  phosphate  ; 
in  alkaline  urine,  by  the  deposition  of  acid  ammonium  urate,  triple  phosphate,  and  amorphous 
calcic  phosphate. 

Chemical  Investigation. — Scrape  the  calculus,  burn  the  scrapings  on  platinum  foil  to  ascer- 
tain if  they  are  burned  or  not. 

I.  Combustible  concretions  can  consist  only  of  organic  substances, 

(a)  Apply  tlie  murexide  test  (§  259,  2),  and,  if  it  succeeds,  uric  acid  is  present.  Uric  acid 
calculi  are  very  common,  often  of  considerable  size,  smooth,  fairly  hard,  and  yellow  to  reddish- 
brown  in  colour. 

(&)  If  another  portion,  on  being  boiled  with  caustic  potash,  gives  the  odour  of  ammonia  (or 
Avhen  the  vapour  makes  damp  turmeric  paper  brown,  or  if  a  glass  rod  dipped  in  HCl  and  held 
over  it  gives  white  fumes  of  ammonium  chloride),  the  concretion  contains  ammonium  urate. 
If  b  gives  no  result,  pure  uric  acid  is  present.  Calculi  of  ammonium  urate  are  raie,  usually 
small,  of  an  earthy  consistence,  i.e.,  soft  and  pale  yellow  or  whitish  in  colour. 

(c)  If  the  xanthin  reaction  succeeds  (§  260),  this  substance  is  present  (rare).  Indigo  has  been 
found  on  one  occasion  in  a  calculus  {Ord). 

(d)  If,  after  solution  in  ammonia,  hexagonal  plates  (fig.  271,  A)  are  found,  cystin  is  present. 

(e)  Concretions  of  coagulated  blood  or  fibrin,  without  any  crystals,  are  rare.  When  burned 
they  give  the  odour  of  singed  hair.  Tliey  are  insoluble  in  water,  alcohol,  and  ether  ;  but  are 
soluble  in  caustic  potash,  and  are  precipitated  therefrom  by  acids. 

(/)  Urostealith  is  applied  to  a  caoutchouc-like  soft  elastic  substance,  and  is  very  rare.  When 
dry  it  is  brittle  and  hard,  brown  or  black.  When  warm  it  softens,  and  if  more  heat  be  applied 
it  melts.  It  is  soluble  in  ether,  and  the  residue  after  evaporation  becomes  violet  on  being 
heated.    It  is  soluble  in  warm  caustic  potash,  with  tlie  formation  of  a  soap. 

II.  If  the  concretions  are  only  partly  combustible,  thus  leaving  a  residue,  they  contain 
organic  and  inorganic  constituents. 

(a)  Pulverise  a  part  of  the  stone,  boil  it  in  water,  and  filter  wliile  hot.  The  urates  are  dis- 
solved. To  test  if  the  uric  acid  is  united  with  soda,  potash,  lime,  or  magnesia,  the  filtrate  is 
evaporated  and  burned.  The  ash  is  investigated  with  the  spectroscope  (§  14),  when  the  char- 
acteristic bands  of  sodium  or  potash  are  observed.  Magnesic  urate  and  calcic  urate  are  changed 
into  carbonate  by  burning.  To  separate  tliem,  dissolve  the  ash  in  dilute  hydrochloric  acid,  and 
filter.  The  filtrate  is  neutralised  with  ammonia,  and  again  redissolved  by  a  few  drops  of  acetic 
acid.  The  addition  of  ammonium  oxalate  precii)itates  calcic  oxalate.  Filter,  and  add  to  the 
filtrate  sodic  phosphate  and  ammonia,  when  the  magnesia  is  precipitated  as  ammoiiio-magnesic 
phosphate. 

(b)  Calcic  oxalate  (especially  in  children,  either  as  small  smooth  pale  stones,  or  in  dark, 
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warty,  hard  "nnUberry  calculi")  is  uot  affected  by  acetic  acid,  is  dissolved  by  mineral  acids 
without  effervescence,  and  again  precipitated  by  ammonia.  Heated  on  platinum  loil  it  chars 
and  blackens,  then  it  becomes  white,  owing  to  the  formation  of  calcic  carbonate,  which 
effervesces  on  the  addition  of  an  acid.  ,.  x  n 

(c)  Calcic  carbonate  (chietly  iu  whitish-grey,  earthy,  chalk-like  calculi,  somewhat  rare) 
dissolves  with  effervescence  in  hydrochloric  acid.  "When  burned  it  first  becomes  black,  owing 
to  admixture  with  mucus,  and  then  wliite. 

{(I)  Ammonio-magnesic  phosphate  and  basic  calcic  phosphate  usually  occur  together  in  soft, 
white,  earthy  stones,  which  occasionally  are  very  large.  These  stones  show  tliat  the  urine  has 
been  ammoniacal  for  a  very  long  time.  The  first  substance  when  heated  gives  the  odour  of 
ammonia,  which  is  more  distinct  Avhen  heated  with  caustic  potash ;  is  soluble  in  acetic  arid 
without  effervescence,  and  is  again  precipitated  in  a  crystalline  form  from  this  solution  on  the 
addition  of  ammonia.  When  heated  it  fuses  into  a  white  enamel-like  mass  ;  [hence,  it  is  called 
"fusible  calculus"].  Basic  calcic  phosphate  does  not  effervesce  with  acids.  The  solution  in 
hydrochloric  acid  is  precipitated  by  ammonia.  "When  ammonium  oxalate  is  added  to  the  acetic 
acid  solution,  it  yields  calcic  oxalate. 

(e)  Neutral  calcic  phosphate  is  rare  in  calculi,  while  it  is  frequent  in  the  form  of  gi-avel. 
Physically  and  chemically,  these  concretions  resemble  the  earthy  phosphates,  only  they  do  not 
contain  magnesia. 

273.  THE  SECEETION  OF  URINE.— [The  functions  of  the  kidney  are— 

1.  To  excrete  waste  products,  chiefly  nitrogenous  bodies  and  salts; 

2.  To  excrete  water  ; 

3.  And  perhaps  also  to  reabsorb  water  from  the  uriniferous  tubules,  after  it  has 
washed  out  the  waste  products  from  the  renal  epithelium. 

The  chief  parts  of  the  organs  concerned  in  1,  are  the  epithelial  cells  of  the  con- 
voluted tubules  ;  the  glomeruli  permit  water  and  some  solids  to  pass  through  them, 
while  the  constrictions  of  the  tubules  may  prevent  the  too  rapid  outflow  of  water, 
and  thus  enable  part  of  it  to  be  reabsorbed.] 

Theories. — The  two  chief  older  theories  regarding  the  secretion  of  urine  are  the 
following  : — 1.  According  to  Bowman  (1842),  through  the  glomeruli  are  filtered 
only  the  water  and  some  of  the  highly  diffusible  and  soluble  salts  present  in  the 
blood,  while  the  specific  urinary  constituents  are  secreted  by  the  activity  of  the 
epithelium  of  the  urinary  tubules,  and  are  extracted  or  removed  from  the  epithelium 
by  the  water  flowing  along  the  tubules.  This  has  been  called  the  "  vital  "  theory. 
2.  C.  Ludwig  (1844:)  assumes  thdit  very  dihite  urine  is  secreted  or  filtered  through  the 
glomerulus.  As  it  passes  along  the  urinary  tubules  it  becomes  more  concentrated, 
owing  to  endosmosis.  It  gives  back  some  of  its  water  to  the  blood  and  lymph  of 
the  kidney,  thus  becoming  more  concentrated,  and  assuming  its  normal  character. 
[This  is  commonly  known  as  the  "  mechanical  "  theory.] 

The  secretion  of  urine  in  the  kidneys  does  not  depend  upon  definite  physical 
forces  only.  A  great  number  of  facts  force  us  to  conclude  that  the  vital  activity 
of  certain  secretory  cells  plays  a  foremost  part  in  the  process  of  secretion  {R. 
Heidenhain). 

The  secretion  of  urine  embraces — (1)  The  water,  and  (2)  the  urinary  constitu- 
ents therein  dissolved  ;  both  together  form  the  urinary  secretion.  The  amount  of 
urine  depends  chiefly  upon  the  amount  of  water  which  is  filtered  through  or 
secreted  by  the  glomeruli ;  the  amount  of  solids  dissolved  in  the  urine  determines 
its  concentration. 

(A)  The  amount  of  urine,  which  is  secreted  chiefly  within  the  Malpighian 
capsules,  depends  primarily  upon  the  Uood-presmre  in  the  area  of  the  renal  artery, 
and  follows,  therefore,  the  laws  of  filtration  (§  191,  II.)  {Ludivig  and  Gall).  [In 
this  respect  the  secretion  of  urine  differs  markedly  from  that  of  saliva,  gastric  juice, 
or  bile.  We  may  state  it  more  accurately  thus,  that  the  amount  of  urine  depends 
very  closely  upon  the  differences  of  pressure  between  the  blood  in  the  glomeruli 
and  the  pressure  within  the  renal  tubules.  If  the  ureter  be  ligatured,  the  secretion 
of  urine  is  ultimately  arrested,  even  although  the  blood-pressure  be  hio'h.  The 
secretion  may  also  be  arrested  by  ligature  of  the  renal  vein  ;  and  in  some' cases  of 
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cardiac  or  pulmonary  disease  the  venous  congestion  thereby  produced  may  bring 
about  the  same  result.] 

Glomerular  Epithelium. — The  amount  of  urine  secreted  does  not  depend  upon 
the  hydrostatic  pressure  alone,  but  it  seems  that  the  epithelial  cells  covering  the 
glomerulus  also  participate  actively  in  the  process  of  secretion.  Besides  the  water, 
a  certain  amount  of  the  salts  present  in  the  urine  is  excreted  through  the  glomeruli. 
The  serum-albumin  of  the  hood,  hoivever,  is  2>revented  from  passinr/  through.  With 
regard  to  the  secretory  activity  of  these  cells,  the  quantity  of  water  must  also 
depend  upon  the  amount  of  the  urinary  constituents  and  water  present  in  the  blood 
(E.  Heidenhain). 

Only  when  the  vitality  of  the  secretory  cells  is  intact,  is  there  independent  activity  of  these 
secretory  cells  (Heidenhain).  When  the  renal  artery  is  closed  teniiwrarily,  their  activity  is 
paralysed,  so  that  the  kidneys  cease  to  secrete,  and  even  after  the  compression  is  removed  and 
the  circulation  re-established,  secretion  does  not  take  place  for  some  time  {Overheck). 

That  the  secretion  depends  in  part  upon  the  blood-pressure  is  proved  by  the 
following  considerations  : — 

1.  Increase  of  the  total  contents  of  the  vascidar  system,  so  as  to  increase  the  blood - 
press^ire,  increases  the  amount  of  water  which  filters  through  the  glomeruli.  The 
injection  of  water  into  the  blood-vessels,  or  drinking  copious  draughts  of  water, 
acts  partly  in  thi.s  way.  If  the  blood-pressure  rises  above  a  certain  height,  albumin 
may  pass  into  the  urine.  The  active  participaiion  of  the  cells  of  the  glomeruli  is 
rendered  probable  by  the  fact  that,  after  very  copious  drinking,  the  blood-pressure 
is  not  always  raised  (Pcnvloio) ;  further,  after  copious  transfusion,  the  quantity  of 
urine  is  not  increased.  Conversely,  the  loss  of  water  owing  to  profuse  sweating  or 
diarrhcea,  copious  htemorrhage,  or  prolonged  thirst,  diminishes  the  secretion  of 
urine. 

2.  Dimiimtion  of  the  capacity  of  the  vascular  system,  provided  the  pressure 
within  the  renal  area  be  thereby  increased,  acts  in  a  similar  manner.  This  may  be 
produced  by  contraction  of  the  cutaneous  vessels,  owing  to  the  action  of  cold, 
stimulation  of  the  vaso-motor  centre,  or  large  vaso-motor  nerves,  ligature,  or 
compression  of  large  arteries  (§  85,  e),  or  enveloping  the  extremities  in  tight 
bandages.  All  these  conditions  cause  an  increase  in  the  amount  of  urine,  and  of 
course  the  opposite  conditions  bring  about  a  diminution  of  urine,  e.g.,  the  action 
of  heat  on  the  skin  causing  redness  and  dilatation  of  the  cutaneous  vessels, 
weakening  of  the  vaso-motor  centre,  or  paralysis  of  a  large  number  of  vaso-motor 
nerves. 

3.  Increased  action  of  the  heart,  whereby  the  tension  and  rapidity  of  the  blood  in 
the  arteries  are  increased  (§  85,  c),  augments  the  amount  of  urine  ;  conversely, 
feeble  action  of  the  heart  (paralysis  of  motor  cardiac  nerves,  disease  of  the  cardiac 
musculature,  certain  valvular  lesions)  diminishes  the  amount.  Artificial  stimulation 
of  the  vagi  in  animals,  so  as  to  slow  the  action  of  the  heart,  and  thus  diminish  the 
mean  blood-pressure  from  130  to  100  mm.  Hg,  causes  a  diminution  in  the  amount 
of  urine  to  the  extent  of  one-fifth  {Goll,  CI.  Bernard);  when  the  pressure  in  the 
aorta  falls  to  40  nun.  the  secretion  of  Hirine  ceases.  [If  the  medulla  oblongata  be 
divided  (dog),  there  is  an  immediate  fall  of  the  genercd  blood-pressure,  and  although, 
as  a  general  rule,  the  secretion  of  urine  is  arrested  when  the  pressure  falls  to  40  to 
50  mm.  Hg,  yet  secretion  has  been  observed  to  take  place  with  a  lower  pressure 
than  this.] 

4.  The  amount  of  urine  secreted  rises  orfcdls  according  to  the  degree  of  fulness  of 
the  renal  artery  {Ludwig,  Max  Hermann)  ;  even  when  this  artery  is  moderately 
constricted  in  animals,  there  is  a  decided  diminution  in  the  amount  of  urine. 

Pathological.— In  fever  the  renal  vessels  are  less  full  and  there  is  consecutive  diminution  of 
urine  {Mcndclson).  It  is  most  important,  in  connection  with  certain  renal  diseases,  to  note 
that  ligature  of  the  renal  artery,  even  when  it  is  obliterated  for  only  two  hours,  causes  necrosis 
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of  the  epitlu-liuiu  of  the  uriniferoiis  tubules,  Wlien  the  arterial  an?emia  is  kept  up  for  a  long 
time,  tlie  whole  renal  tissue  dies  {Littcn).  After  long-continued  ligation  of  the  renal  artery, 
the  epithelium  of  the  glomeruli  becomes  greatly  changed  [Itibhcrt). 

5.  Most  diuretics  act  in  one  or  other  of  the  above  mentioned  ways. 

[Some  diuretics  act  by  increasing  the  general  blood-pressure  (digitalis  and  the  action  of  cold 
on  the  skin),  others  may  increase  the  blood-pressure  locally  within  the  kidney,  and  this  they 
may  do  in  several  ways.  The  nitrites  are  said  to  paralyse  the  muscular  fibres  in  the  vasa 
atferentia,  and  thus  raise  the  blood-pressure  within  the  glomeruli.  But  some  also  act  on  the 
secretory  cxiilhcUum,  such  as  urea  and  caffein.  Brunton  recommends  the  combination  of 
diuretics  in  appropriate  cases,  and  the  diuretics  must  be  chosen  according  to  the  end  in  view — 
as  we  wish  to  remove  excess  of  fluids  from  the  tissues  and  serous  cavities,  or  as  we  wish  to  re- 
move injurious  waste  products,  or  merely  to  dilute  the  urine.] 

[6.  The  amount  of  urine  also  depends  upon  the  co7nposif'{o7i  of  the  blood.  Drink- 
ing a  large  quantity  of  water,  whereby  the  blood  becomes  more  watery,  increases 
the  amount  of  urine,  but  this  is  true  only  within  certain  limits.  It  is  not  merely 
the  increase  of  volume  of  the  blood  acting  mechanically  which  causes  this  increase, 
as  we  know  that  large  quantities  of  fluid  may  be  transfused  without  the  general 
blood-pressure  being  materially  raised  thereby.] 

[Heidenhain  argues,  that  it  is  not  so  much  the  ^:»"mMre  of  the  blood  in  the 
glomeruli  as  its  velocity,  which  determines  the  process  of  the  secretion  of  water  in 
the  kidney.  He  contends  that,  while  increase  of  the  pressure  in  the  renal  artery 
causes  an  increased  flow  of  urine,  ligature  of  the  renal  vein,  whereby  the  pressure 
in  the  glomeruli  is  also  increased,  arrests  the  secretion  altogether.  In  both  cases 
the  pressure  is  increased  within  the  glomeruli,  and  the  two  cases  differ  essentially 
in  the  velocity  of  the  blood-current  through  the  glomeruli.] 

Pressure  in  the  Vas  Afferens. — The  pressure  in  each  vas  afferens  must  be 
relatively  great,  because  (1)  the  double  set  of  capillaries  in  the  kidney  offers  con- 
siderable resistance,  and  (2)  the  lumen  of  the  vas  efferens  is  narrower  than  that  of 
the  vas  afferens.  Hence,  owing  to  the  high  blood-pressure  in  the  capillaries  of  the 
renal  glomeruli,  filtration  must  take  place  from  the  blood  into  the  Malpighian 
capsules.  When  the  vasa  afferentia  are  dilated,  the  filtration-pressure  is  increased, 
while,  when  they  are  contracted,  the  secretion  is  lessened.  When  the  pressure 
becomes  so  diminished  as  to  retard  greatly  the  blood-stream  in  the  renal  vein,  the 
secretion  of  urine  begins  to  be  arrested.  Occlusion  of  the  renal  vein  completely 
suppresses  the  secretion  (//.  Meyer,  v.  Frerichs).  Ludwig  concluded  from  this 
observation,  that  the  filtration  or  excretion  of  fluid  could  not  take  place  through  the 
renal  capillaries  i:>roim',  as,  owing  to  occlusion  of  the  renal  vein,  the  blood-pressure 
in  these  capillaries  must  rise,  which  ought  to  lead  to  increased  filtration.  Such  an 
experiment  points  to  the  conclusion  that  the  filtration  must  take  jdace  throiigh  the 
capillaries  of  the  glomernli.  The  venous  stasis  distends  the  vas  efferens,  \vhich 
springs  from  the  centre  of  the  glomerulus,  and  compresses  the  capillary  loops  against 
the  wall  of  the  Malpighian  capsule,  so  that  filtration  cannot  take  place  through 
them.  It  is  not  decided  whether  any  fluid  is  given  off  through  the  convoluted 
urinary  tubules. 

Venous  congestion  in  the  kidneys  diminishes  the  quantity  of  urine  and  the  urea.  The  NaCI 
remains  constant,  but  pathological  albumin  is  increased  (Senator  and  Mnnl-). 

Pressure  in  Ureter.— As  the  blood-pressure  in  the  renal  artery  is  about  1'20  to  140  mm  H" 
and  the  urine  in  the  ureter  is  moved  along  by  a  very  slight  propelling  force,  so  that  a  counte^r- 
pressure  of  from  10  {Lohell)  to  40  mm.  of  Hg  is  sufficient  to  arrest  its  flow,  it  is  clear  that  the 
blood-pressure  can  also  act  as  a  vis  a  tercjo  to  propel  the  urine  through  the  ureter  The 
pressure  in  the  ureter  is  measured  by  dividing  the  ureter  transversely  and  inserting  a  manometer 
in  it. 

(B)  Secretory  Activity  of  the  Renal  Epithelium.— The  degree  of  concentra- 
tion of  the  urine  depends  upon  the  quantity  of  the  dissolved  constituents  which 
has  passed  from  the  blood  into  the  urine.  The  secretory  cells  of  the  convoluted 
tubules,  by  their  own  proper  vital  activity,  seem  to  be  able  to  take  up,  or  secrete, 
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some  at  least  of  these  substances  from  the  blood  {Boivman,  Heidenhain).  The 
watery  part  of  the  urine,  containing  only  easily  dilfusible  salts,  as  it  flows  along  the 
tubules  from  the  glomeruli,  extracts  or  washes  out  these  substances  from  the 
secretory  epithelium  of  the  convoluted  tubules. 

Experiments. — 1.  Sulphindigotate  of  soda  and  sodium  urate,  when  injected  into 
the  blood,  pass  into  the  urine,  and  are  found  within  the  protoplasm  of  the  cells  of 
the  crmvohded  tubules  [only  in  those  parts  lined  by  "  rodded  "  epithelium],  but  not 
in  the  Malpighian  capsules  {Heidenhain).  A  little  later  these  substances  are  found 
in  the  htmeti  of  the  urinary  tubules,  from  which  they  are  washed  out  by  the  watery 
part  of  the  urine  coming  from  the  glomeruli.  If,  however,  two  days  before  the 
injection  of  these  substances  into  the  blood,  the  cortical  part  of  the  kidney  contain- 
ing the  Malpighian  capsules  be  cauterised,  [e.g.,  by  nitrate  of  silver],  or  sliced  ofi', 
the  blue  pigment  remains  within  the  convoluted  tubules.  It  cannot  be  carried  on- 
w^ard,  as  the  water  which  should  carry  it  along  has  ceased  to  be  secreted,  owing  to 
the  destruction  of  the  glomeruli.  This  experiment  also  goes  to  show  that,  through 
the  glomendi  the  watery  part  of  the  urine  is  chiejly  excreted,  while  through  the  con- 
voluted tidndes  the  specijfc  urinary  constituents  are  excreted.  Uric  acid,  salts,  injected 
into  the  blood,  were  observed  by  Heidenhain  to  be  excreted  by  the  convoluted 
tubules.  Von  Wittich  had  previously  observed  that  in  birds,  crystals  of  uric  acid 
were  excreted  by  the  epithelium  of  the  convoluted  tubules.  [The  presence  of 
crystals  of  uric  acid  in  the  renal  epithelium  was  observed  by  Bowman,  and  used  as  an 
argument  to  support  his  theory.]  Nussbaum,  in  1878,  stated  that  wrea  is  secreted 
by  the  urinary  tubules  and  not  by  the  glomeruli. 

The  same  is  true  for  the  bile-pigments,  for  the  iron  scdts  of  the  vegetable  acids  when  injected 
subcutaneously,  and  for  hiemoglobin.  After  injection  of  milk  into  the  blood-vessels,  numerous 
fatty  granules  occur  within  the  epithelium  of  the  urinary  tubules  (§  102). 

[Nussbaum' s  Experiments. — In  the  frog  and  newt,  the  kidney  is  supplied  with 
blood  in  a  manner  difterent  from  that  obtaining  in  mammals.  The  glomeruli  are 
supplied  by  branches  of  the  renal  artery.  The  tubules  are  supplied  by  the  renal- 
portal  vein.  The  vein  coming  from  the  posterior  extremities  divides  at  the  upper 
end  of  the  thigh  into  two  branches,  one  of  which  enters  the  kidney,  and  breaks  up 
to  form  a  capillary  plexus  which  surrounds  the  uriniferous  tubules,  but  this  plexus 
is  also  joined  by  the  efferent  vessels  of  the  glomeruli.  These  two  systems  are 
partly  independent  of  each  other.  After  ligaturing  the  renal  artery,  Nussbaum 
asserted  that  the  circulation  in  the  glomeruli  was  cut  off,  while  ligature  of  the  renal- 
portal  vein  excluded  the  functional  activity  of  the  tubules.  B}'^  injecting  a  sub- 
stance into  the  blood,  after  ligaturing  either  the  artery  or  renal-portal  vein,  and 
observing  whether  it  occurs  in  the  urine,  he  infers  that  it  is  given  off  either  by  the 
glomeruli  or  the  tubules.  Sugar,  peptones,  and  egg-albumin  rapidly  pass  through 
an  intact  kidney,  but  if  the  renal  artery  be  tied  they  are  not  excreted.  Urea 
when  injected  into  the  circulation  is  excreted  after  the  artery  is  tied,  so  that  it  is 
excreted  through  the  tubules,  but  at  the  same  time  it  takes  with  it  a  considerable 
quantity  of  water.  Thus,  water  is  excreted  in  two  ways  from  the  kidney,  by  the 
glomeruli  and  also  from  the  venous  plexus  around  the  tubules  along  with  the  urea. 
Indigo-carmine  merely  passes  into  the  tubular  epithelium  of  the  convoluted  tubules, 
but  it  does  not  cause  a  secretion  of  urine.  AUmmin  passes  through  the  glomeruli, 
but  only  after  their  membranes  have  been  altered  in  some  way,  as  by  clamping  the 
renal  artery  for  a  time.] 

[Adami's  Experiments  on  the  kidney  of  the  frog  tend  to  show  that  Nussbaum's  conclusions 
are  not  justified,  for  Adami  found  that  if  the  renal  arteries  in  the  frog  be  ligatured,  within  a 
few  hours  a  collateral  circulation  is  established,  and  a  certain  amount  of  blood  flows  through 
the  kidney.  He  proved  this  by  injecting  into  the  blood,  carmine  or  painter's  vermilion,  in  a 
state  of  tine  suspension,  and  after  ligature  of  the  renal  arteries,  he  found  it  in  many  of  the 
„lonieruli,  while  laky  blood  similarly  injected  revealed  its  presence  as  menisci  of  Hb  in  the 
Slalpighian  corpuscles.    Even  secretion  of  some  urine  may  go  on  after  ligature  of  the  renal 
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aitevie.s.  It  is  evident,  then,  that  Nussbaum's  method  is  not  a  reliable  one  for  locating  the 
parts  of  the  kidney  through  which  certain  substances  are  excreted.  Adami's  exi^eriments  also 
give  some  support" to  Heidenhnin's  view,  that  the  glomerular  epithelium  "possesses  powers  of  a 
selective  secretory  nature,"  for  he  finds  that  in  frogs,  after  ligature  of  the  renal  arteries,  where, 
of  course,  the  pressure  in  the  glomeruli  is  just  nearly  that  in  the  veins,  and  in  the  dog  after 
section  of  the  sidnal  cord,  so  that  the  blood -pressure  has  fallen  below  40  mm.  Hg,  whereby  the 
secretion  of  urine  is  arrested,  the  injection  of  laky  blood  causes  Hb  to  appear  in  the  capsules, 
although  there  is  no  simultaneous  excretion  of  water.] 

Excretion  of  Pigments. — Only  during  very  copious  excretion  does  the  capsule  participate. 
After  the  introduction  of  a  large  amount  of  sodic  sulphindigotate,  and  -when  the  experiment 
has  lasted  for  a  long  time,  the  epithelium  of  the  capsule  becomes  blue.  In  albuminuria,  the 
abnormal  excretion  of  urine  takes  place  first  in  the  urinary  tubules,  and  afterwards  in  the 
capsules,  Hb  is  partly  found  in  the  capsules.  According  to  Nussbaum,  egg-albumin  passes  out 
through  the  capsule. 

2.  Even  when  the  secretion  of  the  watery  part  of  the  urine  is  completely  arrested, 
either  by  ligature  of  the  ureter,  or  after  a  very  great  fall  of  the  blood-pressure  in 
the  renal  artery,  [as  after  section  of  the  cervical  spinal  cord],  the  before-mentioned 
substances,  when  injected  into  the  blood,  are  found  in  the  cells  of  the  convoluted 
tubules.  The  injection  of  urea  under  these  circumstances  causes  renewed  secretion. 
These  facts  show  that,  independently  of  the  filtration  pressure,  the  secretory  activity 
of  these  cells  is  still  maintained. 

The  independent  vital  activity  of  the  secretory  cells  of  the  urinary  tubules,  which  as  yet  we 
are  unable  to  explain  on  purely  physical  grounds,  renders  it  probable  that  the  tubules  are  not  to 
be  compared  to  an  apparatus  provided  with  physical  membranes.  This  is  proveel  by  the  follow- 
ing experiment : — Abeles  caused  arterial  blood  to  circulate  through  freshly  excised  living 
kidneys.  A  pale  urine-like  fluid  dropped  from  the  ureter.  On  adding  some  urea  or  sugar  to 
the  blood,  the  secretion  became  more  concentrated.  Thus,  the  excised  living  kidney  also 
excretes  substances  in  a  more  concentrated  form  than  those  supplied  to  it  in  the  diluted  blood 
streaming  through  it.  J.  Munk  obtained  similar  results  in  excised  kidneys  with  common  salt, 
nitre,  caffein,  grape-sugar,  glycerin,  with  increase  in  the  amount  of  urine  secreted.  The 
addition  of  caflein  or  theobromin  to  the  perfused  blood  increases  the  secretion,  exciting  the 
secretory  cells  to  greater  activity  {v.  Schrocdcr). 

Salts  and  Gases. — The  vital  activity  explains  why  the  serum-albumin  of  the  blood  does  not 
pass  into  the  urine,  while  egg-albumin  and  dissolved  hfemoglobin  readily  do  so.  Among  the 
saltn  which  occur  in  the  blood  and  blood-corpuscles,  of  course  only  those  in  .solution  can  pass 
into  the  urine.  Those  which  are  united  with  proteid  bodies,  or  arc  fixed  in  the  cellular 
elements,  cannot  pass  out,  or  at  least  only  after  they  been  split  up.  Thus,  we  may  explain  the 
difference  between  the  salts  of  the  urine  and  those  of  the  blood.  Similarly,  the  urine  can  only 
contain  the  absorbed  and  not  the  chemically-united  gases. 

Ligature  of  the  Ureter. — If  the  secretion  be  arrested  by  compression  or  by  ligature  of  the 
ureter,  the  lymph-spaces  of  the  kidney  become  filled  with  fluid,  which  may  pass  into  the  blood, 
so  that  the  organ  becomes  redematous,  owing  to  the  passage  of  fluid  into  its  lymph-spaces. 
The  secretion  undergoes  a  change,  as  first  water  passes  back  into  the  blood,  then  the  sodic 
chloride,  sulphuric,  and  phosphoric  acids  diminish,  and  lastly  the  urea  (C.  Ludioicj,  Max  Herr- 
mann). Kreatinin  is  still  present  in  considerable  amount.  There  is  no  longer  secretion  of 
proper  urine  (Lobcll). 

Non-Symmetrical  Renal  Activity.— It  is  remarkable  that  both  kidneys  do  not  secrete 
symmetrically— there  is  an  alternate  condition  of  hyperreraia  and  secretory  activity  on  opposite 
sides  (§  100).  One  kidney  secretes  a  more  watery  urine,  which  at  the  same  time  contains  more 
NaCl  and  urea.  Von  Wittich  observed  that  the  secretion  of  uric  acid  was  not  uniform  in  all 
the  urinary  tubules  of  the  same  bird.  Extirpation  of  one  kidney,  or  disease  of  one  kidney  in 
man,  does  not  seem  to  diminish  the  secretion  (Eosenstcin).  The  remaining  kidney  becomes 
more  active  and  larger. 

Eeabsorption  in  the  Kidney.— In  discussing  the  secretion  of  the  kidney,  we  must  attach 
considerable  importance  to  the  variations  in  the  calibre  of  the  renal  tubules  in  their  course. 
Perhaps  in  the  narrowing  of  the  descending  part  of  the  looped  tubule  of  Henle  there  may  be 
either  a  reabsorption  of  water,  so  that  the  urine  becomes  more  concentrated,  or  there  may  be 
absorption  even  of  albumin,  which  may  perhaps  pass  through  the  glomeruli  in  small  amount 
LThat  reabsorption  of  fluid  takes  place  within  the  kidney  was  part  of  Ludwig's  theory,  which 
is  practically  a  process  of  filtration  and  reabsorption.  Hiifner  pointed  out  that  the  structure  of 
the  kidneys  of  various  classes  of  vertebrates  corresponded  closely  with  the  requirements  for 
reabsorption  of  water.  The  experiments  of  Ribbert  show  that  the  urine  actually  secreted  in 
the  cortex  of  the  kidney  is  more  watery  than  that  secreted  normally  by  the  entire  or"-an  He 
extirpated  the  medullary  portion  in  rabbits,  leaving  the  cortical  part  intact,  and  in°this  way 
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collected  tho  dilute  urine  from  the  Malpighiau  corpuscles  before  it  passed  through  Henle's 
loops.] 

274.  FORMATION  OF  THE  URINARY  CONSTITUENTS.— The  question 
has  often  been  discussed,  whether  all  the  urinary  constituents  are  merely  excreted 
through  the  kidneys,  i.e.,  that  they  exist  preformed  in  the  blood;  or  whether  some 
of  them  do  not  exist  preformed  in  the  blood,  but  are  formed  within  the  kidneys,  as 
a  result  of  the  activity  of  the  renal  epithelium. 

Urea  is  formed  Outside  the  Kidney.— Urea  exists  preformed  in  the  blood,  from 
which  it  is  separated  by  the  activity  of  the  kidney.  This  is  proved  by  the  follow- 
ing considerations  : — 

1.  The  blood  contains  one  part  of  urea  in  3000  to  5000  parts,  but  the  renal  vein  contains  less 
urea  than  the  blood  of  the  corresponding  artery. 

2.  After  extirpation  of  the  kidneys,  or  nephrotomy,  or  after  ligature  of  the  renal  vessels,  the 
amount  of  urea  accumulates  in  the  blood,  and  increases  witli  the  duration  of  tlie  experiment  to 
shi  to  5^xr-  -A-t  the  same  time  there  is  vomiting  and  diarrhoea,  and  the  fhuds  so  voided  con- 
tain urea  {CI.  Bernard).    Animals  die  in  from  one  to  three  days  after  the  operation. 

3.  After  ligature  of  the  ureters,  the  secretion  of  urine  is  soon  arrested.  Urea  accumulates 
in  the  blood,  but  not  to  a  greater  extent  than  after  nephrotomy.  It  is  possible,  however,  that 
the  kidneys,  like  other  organs,  may  form  a  small  amount  of  urea,  due  to  the  metabolism  of  their 
own  tissues. 

[Urea  exists  in  the  blood,  whence  does  the  blood  derive  it  ?  It  can  only  obtain 
it  from  one  or  more  of  several  organs — (1)  muscle,  (2)  nervous  system,  and  (3) 
glands,  of  which  the  liver  is  the  most  prominent.  This  is  best  stated  by  the  method 
of  exclusion.] 

[1.  That  urea  is  not  formed  in  muscle  is  shown,  among  other  considerations,  by  the  fact  that 
only  a  trace  of  urea  occurs  in  muscle  (§  293),  ajid  that  the  amount  is  not  increased  hy  exercise. 
Blood  which  has  been  transfused  through  a  muscle,  or  the  blood  after  circulating  in  a  muscle 
during  violent  exercise,  does  not  contain  an  increase  of  urea,  nor  does  the  addition  of  ammonia 
carbonate  to  blood  circulating  through  muscle  show  any  increase  of  urea.  Again,  muscular 
exertion  does  not  (as  a  rule)  increase  the  amount  of  urea  in  the  urine,  as  shown  by  the  experi- 
ments of  Fick  and  Wislicenus  (§  294),  Parkes,  and  others.  The  excretion  chiefly  increased  by 
muscular  exertion  is  the  pulmonary  CO.,  (§  127).] 

[2.  From  what  we  know  of  the  nervous  system,  it  is  not  formed  there.  We  are  therefore 
forced  to  consider  the  evidence  as  to  the  liver,  as  the  organ,  or,  at  least,  the  chief  organ  in  which 
it  is  formed.  This  evidence  is  in  some  respects  contradictory,  but  it  is  partly  experimental 
and  partly  clinical.  Although  Hoppe-Seyler  denies  the  existence  of  lu'ea  in  the  liver,  its 
existence  there  was  proved  by  Gscheidlen  ;  and  Cyon,  on  pa-ssing  blood  through  an  excised  liver 
by  the  "perfusion"  method  of  Lndwig,  found  that  blood,  after  being  passed  several  times 
through  the  organ,  contained  an  increased  amount  of  urea.  The  objection  to  these  experiments 
is  that  Cyon's  method  of  estimating  the  urea  was  unreliable.  But  von  Schroeder,  nsing  a  simi- 
lar method,  finds  that  if  blood  be  perfused  through  the  liver  of  a  dog  in  full  digestion,  there  is 
a  great  increase  in  the  amount  of  urea,  while  there  is  none  in  the  liver  of  a  fasting  dog.  If 
ammonia  carbonate  be  added  to  the  blood,  there  is  a  very  much  greater  amount  of  urea  in  the 
blood  of  the  hepatic  vein.  This  last  fact  is  confirmed  by  Salomon.  The  experiments  of 
Minkowski  on  the  liver  of  the -goose  (§  386)  show  that,  when  the  liver  is  excluded  from  the 
circulation,  lactic  acid  takes  the  place  of  uric  acid  in  this  bird.  Brouardel  further  states, 
that  if  the  region  of  the  liver  be  so  beaten  as  to  cause  congestion  of  that  organ,  there  is  an 
increase  of  the  urea  in  the  urine.] 

[The  clinical  evidence  points  strongly  to  the  formation  of  urea  in  the  liver.  Parkes  pointed 
out  that  in  hepatic  abscess,  during  the  early  congestive  stage,  the  urea  in  the  urine  is  increased, 
while  it  is  diminished  in  the  suppurative  stage,  when  the  hepatic  parenchyma  is  destroyed.  The 
urea  is  also  diminished  in  cancer  of  the  liver,  phthisis,  and  some  forms  of  hei)atic  cirrhosis, 
while  it  is  increased  during  hepatic  congestion,  and  specially  so  in  some  cases  of  diabetes  melli- 
tus.  The  most  striking  fact  of  all  is  that,  in  acute  yellow  atrophy  of  the  liver,  the  urea  is 
enormously  diminished  in  the  urine,  and  may  even  disappear  from  it  while  its  place  is  taken  by 
the  intermediate  products,  leucin  and  tyrosin  {v.  Frcrichs).  In  poisoning  by  phos[ihorus,  coin- 
cident with  the  atrophy  of  the  liver,  there  is  a  fall  in  the  urea  excretion.  Noel-Paton  finds 
that  some  drugs  which  increase  the  quantity  of  bile  in  dogs  in  a  state  of  N-equilibrium  (§  178), 
e  q  sodic  salicylate  and  benzoate,  colchicum,  mercuric  chloride  and  euonymin  also  increase  the 
lirea  in  the  urine,  he  therefore  concludes  "that  the  formation  of  urea  in  the  liver  bears  a  very 
direct  relationship  to  the  secretion  of  bile  by  that  organ."] 

As  to  the  antecedents  of  urea  there  is  the  greatest  doubt  (§  25G). 
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Uric  Acid  is  formed  Outside  the  Kidneys.— 1.  Birds'  blood  normally  contains  iiric  acid 
(Mcissncr).  [The  liver  of  tlie  pigeon  contains  6  to  14  times  as  mucli  uric  acid  as  the  blood.  J 
Ligature  of  tlie  ureters  or  renal  blood-vessels  {Pmolinoff),  or  gradual  destruction  of  the  renal 
secretory  parenchyma  by  the  subcutaneous  injection  of  neutral  potassium  chromate  {Ehstcin),  is 
followed  by  tlie  deposition  of  uric  acid  in  the  joints  and  tissues,  and  it  may  even  form  a  white 
incrustation  on  the  serous  membranes.  The  brain  remains  free  {Zalcsh/,  Opplcr).  Acid  urates 
of  ammonia,  soda,  and  magnesia  are  also  similarly  deposited.  Extirpation  of  a  snake's  kidneys 
gives  tlic  same  result,  but  to  a  less  degree. 

[Minkowski  found  that,  after  excluding  the  liver  from  the  circulation,  lactic  acid  took  the 
place  of  uric  acid  in  the  urine  (p.  425).  Some  uric  acid  still  appears  in  the  urine,  which  cannot 
be  derived  from  the  small  amount  in  the  blood,  so  that,  according  to  v.  Schroeder,  there  are 
perhaps  other  foci  of  formation  of  uric  acid.] 

[The  latter  experiment  points  to  the  formation  of  uric  acid  in  the  liver  in  birds, 
and  this  is  supposed  to  be  strengthened  by  the  appearance  of  the  deposition  of  urates 
in  the  urine  in  certain  disorders  of  digestion.]  Von  Schroeder  and  Colasanti,  how- 
ever, as  the  result  of  their  experiments  upon  snakes,  come  to  the  conclusion  that 
there  is  no  special  organ  concerned  in  the  formation  of  uric  acid. 

Hippuric  acid  is  partly  formed  in  the  kidney,  for  the  blood  of  heibivora  does  not  contain  a 
trace  of  it  {Mcissiier  and  Shqxird).  In  rabbits,  perhaps  it  is  formed  synthetically,  in  other 
tissues  as  well  as  in  the  kidney.  If  blood  containing  sodic  benzoate  and  glycin  be  passed 
through  the  blood-vessels  of  a  fresh  kidney,  hippuric  acid  is  formed  (§  260)  {Bunge,  Sch7niedeberg, 
KocJis).    [The  other  evidence  is  given  in  §  260.] 

Kreatinin  has  intimate  relations  to  kreatin  of  muscle,  but  where  it  is  formed  is  not  known. 
If  phenol  and  pyrokatechin  are  digested  along  with  fresh  renal  substance,  a  compound  of 
sulphuric  acid  similar  to  that  occurring  in  urine  is  formed  (§  262).  The  latter  substance, 
however,  is  also  formed  by  similarly  digesting  liver,  pancreas,  and  muscle.  It  is  concluded 
from  these  experiments  that  these  substances  are  formed  in  the  body  within  the  kidneys  and 
the  other  oi'gans  mentioned  {Kochi). 

Chemistry  of  the  Kidney. — The  kidneys  contain  a  very  large  amount  of  roatcr.  Besides 
serum-albumin,  globulin,  albumin  soluble  in  sodium  carbonate  [Gottwalt),  gelatin-yielding 
substances,  fat  in  the  epithelium,  elastic  substance  derived  from  the  membrana  propria  of  the 
tubules,  the  kidneys  contain  leucin,  xanthin,  hypoxanthin,  kreatin,  taurin,  inosit,  cystin  (the 
last  in  no  other  tissue),  but  only  in  very  small  amount.  The  occurrence  of  these  substances 
points  to  a  lively  metabolism  in  the  kidneys,  which  is  also  proved  by  the  liberal  supply  of  blood 
they  receive. 

Blood- Vessels. — The  kidneys  receive  a  very  large  supply  of  blood,  and  during 

secretion  the  blood  of  the  renal  vein  is  bright  red.    [In  the  dog,  the  diameter  of 

the  renal  artery  may  be  diminished  to  "5  mm.  without  the  amount  of  blood  flowing 

through  the  kidney  being  thereby  greatly  interfered  with.    Hence,  within  wide 

limits,  the  amount  of  blood  is  independent  of  the  size  of  the  arterial  lumen,  and  is 

therefore  dependent  on  the  blood-pressure  in  the  aorta,  and  the  resistance  to  the 

blood-current  within  and  beyond  the  kidney  (Reidenhain).] 

The  reaction  of  the  kidneys  is  acid,  even  in  those  animals  whose  urine  is  alkaline.  Perhaps 
this  fact  is  connected  with  the  retention  of  the  albumin  in  the  vessels. 

275.  PASSAGE  OF  VAKIOUS  SUBSTANCES  INTO  THE  URINE.— 1.  The  following 
substances  pass  unchanged  into  the  urine  :— Sulphate,  borate,  silicate,  nitrate,  and  carbonate 
of  the  alkalies  ;  alkaline  chlorides,  bromides,  iodides  ;  potassium  sulphocyanide  and  ferro- 
cyanide  ;  bile  salts,  urea,  kreatinin  ;  cumaric,  oxalic,  camphoric,  pyrogallic,  and  carbolic  acids. 
Many  alkaloids,  e.g.,  morphia,  strychnia,  curara,  quinine,  caflfcin  ;  ingments,  sulphindigotate 
of  soda,  carmine,  madder,  logwood,  colouring  matter  of  cranberries,  cherries,  rhubarb  ;  santonin  ; 
lastly,  salts  of  gold,  silver,  mercury,  antimony,  arsenic,  bismuth,  iron  (but  not  lead),  although 
the  greatest  part  of  these  is  excreted  by  the  bile  and  the  freces. 

2.  Inorganic  acids  reappear  in  man  and  carnivora  as  neutral  salts  of  ammonia,  in  herbivora 
as  neutral  salts  of  the  alkalies.  ' 

3.  Certain  substances  which,  when  injected  in  small  amount,  seem  to  be  decomposed  in  the 
blood,  pass  in  part  into  the  urine,  when  they  occur  in  such  large  amount  in  the  blood  that 
they  cannot  be  completely  decomposed— sugar,  htemoglobin,  egg-albumin,  alkaline  salts  of  the 
vegetable  acids,  alcohol,  chloroform. 

4.  Many  substances  ajjpear  in  an  oxidised  form  in  the  urine— moderate  quantities  of 
organic  alkaline  salts  as  alkaline  carbonates  {JFohler),  uric  acid  in  part  as  allantoin 
(Scdkotvski),  sulphides  and  sulphites  of  soda,  in  part  as  sodium  sulphate,  potassium  sulphide  as 
potassium  sulphate,  some  oxyduls  as  oxides,  benzol  as  phenol  {Naumyn  and  Schuhcn). 
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5.  Those  bodies  which  are  completely  decomposed,  as  elycerin,  resins,  give  rise  to  no  special 
derivatives  in  the  urine. 

6.  aiany  substances  combine  and  appear  as  conjugated  compounds  in  the  urine,  e.g.,  the 
origin  of  the  hippuric  acid  by  conjugation  (§  •2()0),  the  conjugation  of  sulphonic  acid  (§  262), 
and  the  formation  of  urea  by  synthesis  from  carbamic  acid  and  ammonia  [Drechscl)  (§  256). 
After  the  use  of  camphor,  chloral,  or  butyleiiloral,  a  conjugated  compound  with  glycuronic  acid 
(an  acid  nearly  related  to  sugar)  appears  in  the  urine.  Taurin  and  sarcosin  unite  with 
sulphaminic  acid.  When  broniophenol  is  given,  it  unites  with  mercapturic  acid,  a  body  nearly 
related  to  cystin  (§  268). 

7.  Tannic  acid,  C14H10O9,  takes  up  HoO,  aiul  is  decomposed  into  two  molecules  of  gallic  acid 
=  2(C7Hg05). 

8.  Tlie  iodates  of  potash  and  soda  are  reduced  to  iodides  ;  malic  acid  (C4Hg05)  partly  to 
succinic  acid  (C4HBO4)  ;  indigo-blue  (CigHioN.,0.,)  takes  up  hydrogen  and  becomes  indigo-white 
(Ci«Hi.,NoO.)- 

9.  Some  substances  do  not  pass  into  the  urine  at  all,  c.<].,  oils,  insoluble  metallic  salts  and 
metals. 

276.  INFLUENCE  OF  NERVES  AND  OTHER  CONDITIONS.— At  present 
we  are  acquainted  merely  with  the  intluence  of  the  vaso-motor  nerves  on  the 
filtration  of  the  urine  through  the  renal  vessels.  Each  kidney  seems  to  be  supplied 
with  vaso-motor  nerves,  which  spring  from  both  halves  of  the  spinal  cord  {Nicolaides). 
As  a  general  rule,  dilatation  of  the  branches  of  the  renal  artery,  chieHy  the  vasa 
afferentia,  must  raise  the  pressure  within  the  glomeruli,  and  thus  increase  the 
amount  of  water  filtered  through  them.  The  more  the  dilatation  is  confined  to  the 
area  of  the  renal  artery  alone,  the  greater  is  the  amount  of  the  urine.  [As  yet  we 
know  the  nervous  system  influences  the  secretion  of  urine  only  in  so  far  as  it  modi- 
fies the  pressure  and  velocity  of  the  blood-current  in  the  kidney.  We  have  no 
satisfactory  evidence  of  the  existence  of  direct  secretory  nerves  in  the  kidney.] 

1.  Renal  Plexus  and  its  Centre. — Section  of  the  nerves  of  the  renal  plexus — 
the  nerves  around  the  renal  artery — generally  causes  a  considerable  increase  in  the 
secretion  of  urine,  hydruria  or  polyuria ;  sometimes,  on  account  of  the  great  rise 
of  the  pressure  within  the  glomeruli,  albumin  passes  into  the  urine,  and  there  may 
be  rupture  of  the  vessels  of  the  glomeruli,  leading  to  the  passage  of  blood  into  the 
urine.  The  nerve-centre  for  the  renal  nerves  lies  in  the  floor  of  the  fourth 
ventricle,  in  front  of  the  origin  of  the  vagus.  Injury  to  this  part  of  the  floor  of  the 
fourth  ventricle,  e.;/.,  by  puncture  (piqilre),  may  increase  the  amount  of  urine 
(diabetes  insipidus),  which  is  sometimes  accompanied  by  the  simultaneous  appear- 
ance of  albumin  and  blood  in  the  urine  {CI.  Bernard).  Section  of  the  parts  which 
lie  directly  in  the  course  of  these  fibres,  as  they  pass  from  their  centre  to  the  kidney, 
produces  the  same  effects.  Close  to  this  centre  in  the  medulla,  lies  the  centre  for 
the  vaso-motor  nerves  of  the  liver,  whose  injury  causes  diabetes  mellitus  (§  175). 
Eckhard  found  that  stimulation  of  the  vermiform  process  of  the  cerebellum  produced 
hydruria.  In  man,  stimulation  of  these  parts  by  tumours  or  inflammation,  &c., 
produces  similar  results. 

2.  Paralysis  of  Limited  Vascular  Areas. — If,  simultaneously  with  the  paralysis 
of  the  nerves  of  the  renal  artery,  the  nerves  of  a  neighbouring  large  vascular  area 
be  paralysed,  necessarily  the  blood-pressure  in  the  renal  artery  area  will  not  be  so 
high,  as  more  blood  flows  into  the  other  paralysed  province.  Under  these  circum- 
stances, there  may  be  only  a  temporary,  or,  indeed,  no  increase  of  urine,  provided 
the  paralysed  area  be  sufficiently  large.  There  is  a  moderate  increase  of  urine  for 
several  hours  after  section  of  the  splanchnic  nerve.  This  nerve  contains  the  renal 
vaso-motor  nerves  (which,  in  part,  at  least,  leave  the  spinal  cord  at  the  first  dorsal 
nerve  and  pass  into  the  sympathetic  nerve),  but  it  also  contains  the  vaso-motor 
nerves  for  the  large  area  of  the  intestinal  and  abdominal  viscera.  Stimulation  of 
this  nerve  has  the  opposite  eff"ect  {CI.  Bernard,  Ed-hard).  [The  polyuria  thus 
produced  is  not  so  great  as  after  section  of  the  renal  nerves,  because  the  splanchnic 
supplies  such  a  large  vascular  area,  that  much  blood  accumulates  in  that  area,  and 
also  because  all  the  renal  nerves  do  not  run  in  the  splanchnics.] 
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3.  Paralysis  of  Large  Areas. — If,  simultaneously  with  paralysis  of  the  renal 
nerves,  the  great  majority  of  tlie  vaso-motor  nerves  of  the  body  be  paralysed  [as  by 
section  of  the  medulla  oblongata],  then,  owing  to  the  great  dilatation  of  all  these 
vessels,  the  blood-pressure  falls  at  once  throughout  the  arterial  system.  The  result 
of  this  may  be,  provided  the  pressure  is  sufficiently  low,  that  there  is  a  great  decrease, 
or,  it  may  be,  entire  cessation  of  the  secretion  of  urine.  The  secretion  is  arrested  when 
the  cervical  cord  is  completely  divided,  down  even  as  far  as  the  seventh  cervical 
vertebra  {Eckhard).  The  polyuria  caused  by  injury  to  the  floor  of  the  fourth 
ventricle  at  once  disappears  when  the  spinal  cord  (even  down  to  the  twelfth  dorsal 
nerve)  is  divided. 

[4.  Other  Conditions. — As  already  stated,  section  of  the  renal  nerves  is  followed 
by  polyuria,  owing  to  the  increased  pressure  in  the  glomeruli,  but  this  polyuria 
may  be  increased  by  stimulating  the  spinal  cord  below  the  medulla  oblongata, 
because  the  contraction  of  the  blood-vessels  throughout  the  body  still  further  raises 
the  blood-pressure  within  the  glomeruli.  If,  however,  the  spinal  cord  be  divided 
below  the  medulla  oblongata — the  renal  nerve  being  also  divided — the  polyuria 
ceases,  because  of  the  fall  of  the  general  blood-pressure  thereby  produced. 
Division  of  the  spinal  cord  in  the  dorsal  region  also  diminishes  or  arrests  the  secretion 
of  urine,  owing  to  the  fall  of  the  blood-pressure  ;  but  animals  recover  from  this 
operation,  the  general  blood-pressure  rises,  and  with  it  the  secretion  of  urine. 
Stimulation  of  the  cord  below  the  medulla  arrests  the  secretion,  as  it  causes  con- 
traction of  the  renal  arteries  along  with  the  other  arteries  of  the  body.] 

[Volume  of  the  Kidney — Oncometer. — By  means  of  the  plethysmograph  (§101) 
we  can  measure  the  variations  in  the  size  of  a  limb,  while  by  the  oncograph  (07^09, 
volume)  similar  variations  in  the  volume  of  the  spleen  are  measured  (§  103).  R03' 
and  Cohnheim  have  measured  the  variations  in  the  volume  of  the  kidney  by  means 
of  an  instrument  which  consists  of  two  parts,  one  termed  the  oncometer  or  renal 
plethysmometer,  in  which  the  organ  is  enclosed,  while  the  other  part  is  the 
registering  portion  or  oncograph.  The  kidney  is  enclosed  in  a  kidney-shaped 
metallic  capsule  (fig.  286),  composed  of  two  halves  which  move  on  the  hinge.  A,  to 


Fig.  286.  Fig.  287. 

Fig.  286.— Oncometer.  K,  kidney  ;  the  thick  line  is  the  metallic  capsule  ;  h,  hinge  ;  I,  tube 
for  tilling  apparatus  ;  T,  tnl)e  to  connect  with  Tj  ;  a,  v,  ic,  artery,  vein,  ureter  {Sfirlinq, 
after  Hoy).  Fig.  287.  —Oncograph.  C,  chamber  filled  with  oil,  communicating  by  Tj  with 
T  ;      piston  ;  I,  writing-lever  {Stirling,  after  Roy). 


introduce  the  organ.  The  renal  vessels  pass  out  at  a,  v.  The  kidney  is  surrounded 
with  a  thin  membrane,  and  between  this  membrane  and  the  inner  surface  of  the 
capsule  is  a  space  filled  with  warm  oil  through  the  tube,  I,  which  is  closed  by 
means  of  a  stop-cock  after  the  space  is  filled  with  oil.  The  tube,  T,  can  be  made  to 
communicate  with  another  tube,  T^  leading  into  a  metallic  chamber,  C,  of  the 
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oncograph  (Rg.  287),  which  is  provided  with  a  movable  piston,  p,  attached  by  a 
thread  to  the  writing-lever,  Any  increase  in  the  size  of  the  organ  expels  oil 
Irom  the  chamber,  O,  into  C,  and  thus  the  piston  is  raised,  while  a  diminution  in 
the  size  of  the  kidney  diminishes  the  fluid  in  C,  and  the  lever  falls.  The  actual 
volume  of  the  hving  kidney  depends  upon  the  state  of  distension  of  its  structural 
elements,  upon  the  amount  of  lymph  in  its  lymph-spaces,  but  chiefly  upon  the 
amount  of  blood  in  its  blood-vessels,  and  this  again  must  depend  upon  the  condi- 
tion of  the  non-striped  muscles  in  the  renal  arteries.  When  the  vessels  dilate,  the 
kidney  increases  in  size,  and  when  they  contract  it  contracts,  so  that  we  can 
register  on  the  same  revolving  cylinder  the  variations  of  the  volume  at  the  same 
time  that  we  record  the  general  arterial  blood-pressure.] 

[In  the  normal  circulation  through  the  kidney,  the  kidney  curve,  i.e.,  the  curve 
of  the  volume  of  the  kidney,  runs  parallel  with  the  blood-pressure  curve,  and  shows 
the  large  respiratory  undulations,  as  well  as  the  smaller  elevations  due  to  the  systole 
of  the  heart  (fig.  288).  Usually,  when  the  blood-pressure  falls,  the  kidney  curve 
sinks,  and  when  the  blood-pressure  rises  the  volume  of  the  kidney  increases. 
When  the  blood-pressure  curve  is  complicated  by  Traube-Hering  waves  85)  the 
oj)po.site  effect  is  produced  on  the  kidney  curve ;  the  highest  blood-pressure  corre- 
sponds to  the  smallest  size  of  the  kidney,  and  conversely.  This  is  due  to  the  fact 
that,  when  these  curves  occur,  all  the  small  arterioles,  including  those  in  the  kidney, 
are  contracted.  A  kidney  placed  in  an  oncometer  secretes  urine  like  a  kidney 
under  natural  conditions.] 


B.r. 


Fig.  288. 

B.  P. ,  Blood-pressure  curve  ;  K.,  curve  of  the  volume  of  the  kidney  ;  T,  time  curve,  intervals 
indicate  a  quarter  of  a  minute  ;  A,  abscissa  {Stirling,  after  Roy). 

[Arrest  of  the  respiration  in  a  curarised  animal  produces  a  rapid  and  great 
diminution  of  the  volume  of  the  kidney,  caused  by  the  venous  blood  stimulating  the 
vaso-motor  centres,  and  thus  contracting  the  small  arterioles,  including  those  of  the 
kidney.  This  result  occurs  whether  one  or  both  splanchnics  are  divided,  proving 
that  all  the  vaso-motor  nerves  of  the  kidney  do  not  reach  it  through  the  splanch- 
nics. When  all  the  renal  nerves  at  the  hilum  are  divided,  arrest  of  the  respiration 
causes  dilatation  of  the  organ,  which  condition  runs  parallel  with  the  rise  of  the 
blood-pressure.  Stimulation  of  a  sensory  nerve,  e.g.,  the  central  end  of  the  sciatic 
nerve,  while  causing  an  increase  of  the  blood-pressure,  makes  the  kidney  shrink.] 

[In  poisoning  with  strychnin,  the  kidney  shrinks  while  the  blood-pressure  rises. 
Stimulation  of  the  central  or  peripheral  end  of  the  splanchnics,  divided  at  the 
diaphragm,  causes  contraction  of  the  renal  vessels  of  both  sides ;  the  former  is  a  re- 
flex, the  latter  a  direct  effect.  Stimulation  of  the  peripheral  end  of  one  splanchnic 
sometimes  affects  both  kidneys.  Stimulation  of  the  peripheral  end  of  the  renal 
nerves  always  causes  a  diminution  in  the  volume  of  the  kidney,  so  that  Cohnheim 
and  Roy  inferred  that,  although  there  was  evidence  of  the  existence  of  vaso-motor 
and  sensory  nerves  to  the  kidney,  they  found  none  of  vaso-dilators.  Each  kidney 
acts  independently  of  the  other.  Sudden  compression  of  one  rental  artery  has  not 
the  slightest  effect  upon  the  blood-current  of  the  other  kidney.    If  a  kidney  be 
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exposed  in  an  animal,  by  making  an  incision  in  the  lumbar  region,  on  stimulating 
the  medulla  oblongata  directly  with  electricity,  we  may  observe  the  kidney  itself 
becoming  paler,  the  palor  appearing  in  a  great  many  small  spots  on  the  surface  of 
the  organ,  corresponding  to  the  distribution  of  the  interlobular  arteries.] 

[Cohnheim  showed  that  the  composition  of  the  blood  has  a  remarkable  effect 
on  the  renal  circulation.  Some  substances  (water  and  urea),  when  injected  into 
the  blood,  cause  the  kidney  first  to  shrink  and  then  to  expand,  while  sodic  acetate 
dilates  the  kidney,  even  after  all  the  renal  nerves  are  divided — an  operation  which 
is  very  difhcult  indeed.  Provided  all  the  renal  nerves  be  divided,  these  effects 
would  indicate  the  existence  of  some  local  intra-renal  vaso-motor  mechanism  govern- 
ing the  renal  blood-vessels.  The  general  blood-pressure  is  not  thereby  modified ; 
nor  need  we  wonder  at  this,  as  ligature  of  one  renal  artery  does  not  increase  the 
pressure  in  the  aorta.] 

[The  reciprocal  relation  between  the  skin  and  the  kidneys  is  known  to  every 
one.  On  a  cold  day,  when  the  skin  is  pallid,  owing  to  contraction  of  the  cutaneous 
vessels,  the  amount  of  urine  secreted  is  great,  and  conversely,  in  summer  less  urine 
is  passed  than  in  winter.  Washing  the  skin  of  a  dog  for  two  minutes  with  ice-cold 
water  causes  a  great  contraction  of  the  kidney.] 

The  perfusion  of  blood  through  a  living  excised  kidney  is  materially  in- 
fluenced by  the  substances  mixed  with  the  blood  perfused.  This  effect  may  in  part 
be  due  to  the  action  of  these  chemical  ingredients  upon  the  nuclei  of  the  endo- 
thelial lining  of  the  blood-vessels,  especially  the  capillaries,  or  the  effects  upon  the 
muscular  fibres  of  the  blood-vessels. 

[Strychnin  seems  to  cause  contraction  of  the  renal  vessels,  independently  of  its  action  on  the 
general  vaso-motor  centre.  Brunton  and  Power  found  that  digitalis  caused  an  increase  of  the 
blood-pressure  (dog),  but  the  secretion  of  urine  was  either  at  the  same  time  diminished,  or  it 
ceased  altogether.  The  latter  result  was  due  to  contraction  of  the  renal  blood-vessels,  but 
when  the  aortic  blood-pressure  began  to  fall,  the  amount  of  urine  secreted  rose  much  above 
normal,  i.e.,  when  the  arteries  had  begun  to  relax.] 

During  fever,  the  renal  vessels  are  probably  contracted  in  consequence  of  the  stimulation  of 
the  renal  centre  by  the  abnormally  warm  blood  {Mcndclson). 

The  repeated  respiration  of  CO  is  said  to  produce  polyuria,  perhaps  in  consequence  of 
paralysis  of  the  renal  vaso-motor  centre. 

Action  of  the  Vagus. — According  to  CI.  Bernard,  stimulation  of  the  vagus  at  the  cardia  in- 
creases the  urinary  secretion,  while  at  the  same  time  the  blood  of  the  renal  vein  becomes  red. 
This  nerve  may  contain  vaso-dilator  nerve-fibres  corresponding  to  the  fibres  in  the  facial 
nerve  for  the  salivary  glands  (§  145). 

277.  TrE.ffiMIA—AMMONia;MIA.— Symptoms  of  TJrsemia. —After  excision  of  tlie  kidneys, 
nephrotomy,  or  ligature  of  the  ureter  ;  in  man,  also,  as  a  result  of  certain  diseased  conditions 
of  the  kidney,  leading  to  the  suppression  of  the  secretion  of  urine,  there  is  developed  a  series  of 
characteristic  symptoms  which  are  followed  by  death.  The  condition  is  called  uremic  intoxi- 
cation or  urxmia.  There  are  marked  cerebral  phenomena,  drowsiness,  and  deep  coma,  and 
occasionally  local  or  more  general  spasms.  Sometimes  there  is  delirium ;  Cheyne-Stokes  pheno- 
menon is  often  observed  (§111,  II.),  and  there  may  be  vomiting  and  diarrhoea,  while  in  the 
fluids  voided,  as  well  as  in  the  expired  air,  ammonia  may  sometimes  be  detected. 

The  cause  of  these  phenomena  has  been  ascribed  to  the  retention  in  the  blood  of  those  sub- 
stances which  normally  are  excreted  by  the  urine,  but  as  yet  it  has  not  been  definitely  ascer- 
tained which  of  these  substances  causes  the  phenomena : — 

1.  The  first  thought  is  to  ascribe  them  to  the  retention  of  the  urea.  V.  Voit  found  that 
dogs  exhibited  urfcmic  symptoms  if  they  were  fed  for  a  long  time  on  food  containing  urea  and 
little  water.  IMeissner  found  that  in  nephrotomised  animals,  the  uraimic  symptoms  were 
hastened  by  the  injection  of  urea  into  the  blood.  The  injection  of  a  moderate  amount  of  urea 
m  perfectly  healthy  aninmls  is  not  followed  by  uremic  symptoms,  probably  because  the  urea 
is  rapidly  excreted  by  the  kidneys  ;  I  to  2  grms.  [1.5  to  30  grains]  .so  injected  produce  comatose 
symptoms  in  rabbits. 

2.  The  injection  of  ammonium  carbonate  produces  symptoms  resembling  those  of  ursemia 
so  that  v.  Frerichs  thought  that  the  urea  was  decomposed  in  the  blood,  yielding  ammonium 
carbonate— ammonisemia.    Demjankow  observed  uriemic  phenomena  after  nephrotomy  if  at 
the  time  he  injected  urea-ferment  into  the  blood  (§  263).    Feltz  and  Ritter  obtained  u'rajniic 
symptoms  in  dogs  by  injecting  salts  of  ammonia. 
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3.  As  ligature  of  the  ureters  produces  a  comatose  condition  in  those  animals  which  excrete 
chiefly  uric  acid  in  the  urine— birds  and  snakes  {Zaksky)— it  is  possible  that  otlier  sub- 
stances may  produce  the  poisonous  symptoms.  The  injection  of  kreatinin  causes  feebleness 
and  contraction  of  the  muscles  in  dogs  (Meistiner).  Bernard,  Traube,  and  more  recently  Feltz 
and  Ritter  ascribe  the  symptoms  to  an  accumniation  of  the  neutral  potassium  salts  in  the  blood 
(§  54).  The  injection  of  kreatin,  succinic  acid  {Mcissner),  uric  acid,  and  sodiu  urate  (Ilankc),  is 
without  effect.  Schottin  and  Oppler  ascribe  the  results  to  an  accumulation  of  normal  or 
abnormal  extractives.  It  is  possible  that  several  substances  and  their  decomposition-products 
contribute  to  produce  the  result,  so  that  there  is  a  combined  action  of  several  factors,  but 
perhaps  the  retention  of  the  potct^h  salts  plays  the  most  important  jtart. 

The  direct  application  of  some  urinary  substances  (kreatinin,  kreatin,  acid  potassic  phosphate, 
urates)  to  the  surface  of  the  cerebrum  causes  all  the  symptoms  of  uramiia.  Urea  is  inactive, 
and  slightly  active  are  ammonium  and  sodic  carbonate,"  leucin,  NaCl,  KCl  {Landois). 

[Alkaloids  in  Urine.— Human  urine,  and  especially  febrile  urine,  when  injected  under  the 
skin  of  frogs  or  rabbits,  acts  as  a  poison,  and  even  causes  death,  by  arresting  tlie  respiration. 
The  alkaloids  seem  to  be  formed  by  the  action  of  vegetable  organisms  in  the  intestine,  whence  they 
are  absorbed  into  the  blood  and  pass  into  the  urine  (§  116).  Urine  rendered  colourless  by  char- 
coal loses  half  its  toxic  power,  and  the  poisonous  substance  is  not  volatile,  and  even  resists  boiling. 
These  alkaloids  are  increased  in  the  urine  in  typhoid  fever,  pneumonia,  but  not  in  diabetes.  ] 

Ammonisemia. — When  urine  undergoes  the  alkaline  fermentation  within  the  bladder,  and 
ammonium  carbonate  is  formed,  the  ammonia  may  be  absorbed  and  produce  this  condition. 
The  breath  and  excretions  smell  strongly  of  ammonia  ;  the  mouth,  pharynx,  and  skin  are  very 
dry ;  there  is  vomiting,  with  diarrhwa  or  constipation,  while  ulcers  may  form  in  the  intestine. 
The  patient  rapidly  loses  flesh,  and  death  occurs  without  any  disturbance  of  the  mental 
faculties. 

Uric  Acid  Diathesis. — When  too  much  nitrogenous  food,  too  much  of  any  alcoholic  fluid  is 
persistentl)'  used,  and  little  muscular  exercise  taken,  especially  if  the  respiratory  organs  are  in- 
terfered with,  uric  acid  may  not  unfrequently  accumulate  in  the  blood  {Garrod).  It  may  be 
deposited  in  the  joints  and  their  ligaments,  especially  in  the  foot  and  hand,  giving  rise  to  pain- 
ful inflammation,  and  forming  gout-stones  or  chalk-stones.  The  heart,  liver,  and  kidneys  are 
rarely  aflected.    The  tissues  near  these  deposits  undergo  necrosis. 

278.  STEUCTUKE  AND  FUNCTIONS  OF  THE  UEETEK.— Mucous  Membrane.— The 

pelvis  of  the  kidney  and  the  ureter  are  lined  by  a  mucous  mcmhrane,  consisting  of  connective- 
tissue,  and  covered  with  several  _  _ 

layers  of  stratified  '.'  transitional "   Adventitia. 

epithelium  (fig.  290).  The  cells  < 
are  of  various  shapes,  those  of  the 
lowest  layer  being  usually  more  or 
less  spherical  and  small,  while 
many  of  the  cells  in  the  upper 
layers  are  irregular  in  shape,  often 
with  long  processes  passing  into 
the  deeper  layers. 

Sub-mucosa. — Under  the  epi- 
thelium there  is  a  layer  of  adenoid 
tissue  {Hamburger,  Chiari),  which 
may  contain  small  lymph-follicles 
[embedded  in  loose  connective - 
tissue].  In  the  pelvis  of  the  kidney 
and  ureter  there  are  a  few  small 
mucous  glands  lined  by  a  single 
layer  of  columnar  epithelium 
{Unnih,  Egli). 

The  muscular  coat  consists  of  an 
inner  somewhat  stronger  layer  of 
longitiulinal  non-striped  fibres,  and 
an  outer  circular  layer  (fig.  289). 
In  the  lowest  third  of  the  ureter  Transverse  .section  of  the  lower  part'of  human  ureter,  xl5. 
there  are  in  addition  a  number  of    e,  epithelium  ;  t,  tunica  propria  ;  s,  sub-mucosa  ;  I  and  r, 
scattered  muscular   fibres.      All     longitudinal  and  circular  fibres, 
these  layers  are  surrounded  and 

supported  by  connective-tissue.  The  outer  layers  of  the  connective-tissue  form  an  outer  coat  or 
adventitia,  which  contains  the  large  vessels  and  nerves.  The  various  coats  of  the  ureter  can 
be  followed  up  to  the  pelvis  of  the  kidney,  and  to  its  calices.  The  papilla?  are  covered  only  by 
the  mucous  membrane,  while  the  muscular  layer  ceases  at  the  apex  of  the  pyramids,  where 
they  are  disposed  circularly,  to  form  a  kind  of  si)hinctcr  muscle  for  each  papilla  {Hcnle). 


\v..xv  :i^J>^'^ 

Fig.  289. 
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Fig.  290. 

Transitional  epithelium  from  the  bladder 


The  blood-vessels  supply  the  various  coats,  and  form  a  capillary  plexus  under  the  epithelium. 
The  nerves  arc  not  very  numerous,  but  they  contain  medullated  (few)  and  non-mcdullatod 
fibres,  witli  numerous  ganglia  scattered  in  their  course.  They  are  partly  niotor  and  supply  the 
muscular  layers,  and  some  pass  towards  the  epithelium,  and  are  scnsonj  cxcito-reficx\rii\\\\Q,- 
tion.  Tliese  nerves  are  e.xcited  when  a  calculus  ^passes  along  the  ureter,  and  thus  give  rise  to 
severe  i)ain.  The  ureter  perforates  the  wall  of  the  bladder  ohliquchj.  The  inner  ojiening  is  a 
narrow  slij)  in  the  mucous  membrane,  directed  downwards  and  inwards,  and  provided  with  a 
pointed  valve-like  process  (fig.  291). 

Movement  of  the  Urine. — The  urine  is  propelled  along  the  ureter  thus  : — (1) 
The  secretion,  which  is  continually  being  formed  under  a  high  pressure  in  the 

kidney,  propels  the  urine  onwards  in  front  of 
it,  as  the  urine  is  under  a  low  pressure  in  the 
ureter.  (2)  Gravity  aids  the  passage  of  the 
urine  when  the  person  is  in  the  erect  posture. 
(3)  The  muscles  of  the  ureter  contract  rhythmi- 
cally and  peristaltically,  and  so  proi)el  it  towards 
the  bladder.  This  movement  is  reflex,  and  is 
due  to  the  presence  ©f  the  urine  in  the  ureter. 
Every  three-quarters  of  a  minute  several  drops 
of  urine  pass  into  the  bladder.  But  the  fibres 
Many  of  the  large  cells  lie  upon  the  may  also  be  excited  directly.  The  contraction 
summit  of  the  columnar  and  caudate  passes  along  the  tube  at  the  rate  of  20  to  30 

SideVTiuflcr"'"'""' ''''  f    second,  always  from  above  downwards. 

The  greater  the  tension  of  the  ureter  due  to 
the  urine,  the  more  rapid  is  the  peristaltic  movement. 

Local  Stimulation. — On  applying  a  stimulus  to  the  ureter  directly,  the  contraction  passes 
both  upwards  and  downwards.    Engelmann  observed  that  the  movements  occur  in  parts  of  the 

ureter  where  neither  nerves  nor 
ganglia  were  to  be  found,  and 
he  concluded  that  the  move- 
ment was  propagated  by  "mtis- 
cular  conduction."  If  this  be 
so,  then  an  impulse  may  be  pro- 
]iagated  from  one  non-striped 
muscular  cell  to  another  without 
the  intervention  of  nerves  (see 
Heart,  §  58,  I.,  3). 

Prevention  of  Reflnx. 

— The  urine  is  prevented 
from  exerting  a  backward 
pressure  towards  the  kid- 
neys:— (1)  The  urine  which 
collects  in  the  pelvis  of  the 
kidney  is  under  a  high 
pressure,  and  thus  tends 
uniformly  to  compress  the 
Yict,  291.  pyramids,  so  that  the  urine 

Lower  part  of  the  human  blachler  laid  open,  showing  clear  part,  cannot  pass  into  the  minute 
or  trigone,  the  slit-like  openings  of  the  ureters,  the  divided  orifices  of  the  urinary  tub- 
ureters,  and  vesicuhe  seminales  ;  the  sinus  prostaticus,  and  ules.  (2)  "When  there  is  a 
on  each  sixle  of  it,  the  openings  of  the  ej.acuktory  ducts,  and  considerable  accumulation 
below  both  numerous  small  apertures  of  the  prostate  ducts        r      •  • 

of  urine  in  a  ureter,  e.g., 

from  the  presence  of  an  impacted  calculus  or  other  cause,  there  is  also  more  energetic 
peristalsis,  and,  at  the  same  time,  the  circular  muscular  fibres  round  the  apices  of 
pyramids  compress  the  pyramids  and  prevent  the  reflux  of  urine  through  the 
collecting  tubules.  The  urine  is  prevented  from  passing  back  from  the  bladder 
into  the  ureter,  the  wall  of  the  bladder  itself,  and  the  part  of  the  ureter  which 
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passes  through  it,  are  compressed,  so  that  the  edges  of  the  slit-like  opening  of  the 
ureter  are  rendered  more  tense,  and  are  thus  apnroximated  towards  each  other 
(fig.  291). 

279.  URINARY  BLADDER  AND  URETHRA.— Structure.— The  mucous  membrane  of  the 

bladder  resembles  that  of  the  ureter  ;  the  upper  layers  of  the  stratified  transitional  epithelium 
are  flattened.  It  is  obvious  that  the  form  of  the  cells  must  vary  with  the  state  of  distention  or 
contraction  of  the  bladder.  [The  mucous  membrane  and  muscular  coats  are  thicker  than  in 
the  ureter.  There  are  mucous  <;lands  in  the  mucous  membrane,  especially  near  the  neck  of  the 
bladder.]  '  ^ 

Sub-mucoiis  Coat.— There  is  a  layer  of  delicate  fibrillar  connective-tissue  mixed  with  elastic 
fibres  between  the  mucous  and  muscular  layers, 

[The  serous  coat  is  continuous  with,  and  has  the  same  structure  as  the  peritoneum,  and  it 
covers  only  tlie  i)ostenor  and  up]ier  half  of  the  organ.] 

Musculature.— The  non-striped  muscular  fibres  are  arranged  in  bundles  in  several  layers,  an 
external  longitudinal  layer,  best  developed  on  the  anterior  and  posterior  surfaces,  and  an  inner 
circidar  layer.  [Between  these  two  is  an  oblique  layer.]  There  are  other  bundles  of  muscular 
fibres  arranged  in  different  directions.  Physiologically,  the  musculature  of  the  bladder  represents 
a  single  or  common  hollow  muscle,  whose  function  when  it  contracts  is  to  diminish  uniformly 
the  size  of  the  bladder,  and  thus  to  expel  its  contents  (§  306). 

Tlie  blood-vessels  resemble  those  of  the  ureter.  The  nerves  form  a  plexus,  and  are  placed 
partly  in  the  mucous  membrane  and  partly  in  the  muscular  coat,  and,  like  all  the  extra-renal 
parts  of  the  urinary  apparatus,  are  provided  with  ganglia,  lying  in  the  mucosa,  sub-mucosa, 
and  connected  to  each  other  by  fibres  (Maicr).  Ganglia  occur  in  the  course  of  the  motor  nerve- 
fibres  in  the  bladder  (  TF.  Wolrf).  Their  functions  are  motor,  sensory,  excito-motor,  and  vaso- 
motor.   [Sympathetic  nerve-ganglia  also  exist  underneath  the  serous  coat  {F.  Dariein).] 

A  too  minute  dissection  of  the  several  layers  and  bundles  of  the  musculature  of  the  bladder 
has  given  rise  to  erroneous  inferences.  Thus,  we  speak  of  a  deti-usor  urinse,  which,  however, 
consists  chiefly  of  fibres  running  on  the  anterior  and  posterior  surfaces,  from  the  vertex  to  the 
fundus.  There  does  not  seem  to  be  a  special  sphincter  vesicae  intemus  ;  it  is  merely  a  thicker 
circular  (6  to  12  mm.)  layer  of  non-striped  muscle  which  surrounds  the  beginning  of  the 
urethra,  and  which,  from  its  shape,  hel^js  to  form  the  funnel-like  exit  of  the  bladder.  Numerous 
muscular  bundles,  connected  i)artly  with  the  longitudinal  and  partly  with  the  circular  fibres  of 
the  bladder,  exist,  especially  in  the  trigone,  between  the  orifice  of  the  ureters. 

In  the  female,  the  urethra  serves  merely  for  the  passage  of  urine.  The  mucous  membrane 
consists  of  connective-tissue  with  many  elastic  fibres,  and  provided  with  papillre.  It  is  covered 
by  stratified  epithelium  and  contains  several  mucous  glands  {Littr6),  Outside  this  is  a  layer 
of  longitudinal,  smooth,  muscular  fibres,  and  outside  this  again  a  layer  of  circular  fibres.  Many 
elastic  fibres  exist  in  all  the  layers,  which  are  traversed  by  numerous  wide  venous  channels. 

The  proper  sphincter  urethrae  is  a  transversely  striped  muscle  subject  to  the  will, 
and  consists  of  completely  circular  fibres  which  extend  downwards  as  far  as  the 
middle  of  the  urethra,  and  i:)artly  of  longitudinal  fibres,  which  extend  only  on  the 
posterior  surface  towards  the  base  of  the  bladder,  where  they  become  lost  between 
the  fibres  of  the  circular  layer. 

In  the  male  urethra,  the  epithelium  of  the  prostatic  part  is  the  same  as  that  in  the  T)ladder  ; 
in  the  membranous  portion  it  is  stratified,  and  in  the  cavernous  part  the  simple  cylindrical  form. 
The  mucous  membrane,  under  the  epithelium  itself,  is  beset  with  papillae,  chiefly  in  the 
posterior  part  of  the  urethra,  and  contains  the  mucous  glands  of  Littre. 

Non-striped  muscle  occurs  in  the  prostatic  part  arranged  longitudinally,  chiefly  at  the 
colliculus  seminalis  ;  in  the  membranous  portion  the  direction  of  the  fibres  is  chiefly  circular, 
with  a  few  longitudinal  fibres  intercalated  ;  the  cavernous  part  has  a  few  circular  fibres 
posteriorly,  but  anteriorly  the  muscular  fibres  are  single  and  placed  obliquely  and  longitudi- 
nally. 

Closure  of  the  Bladder. — The  so-called  internal  vesical  sphincter  of  the 
anatomists,  which  consists  of  non-striped  muscle,  is  in  reality  an  integral  part  of 
the  muscular  coat  of  the  bladder  and  surrounds  the  orifice  of  the  urethra  as  far 
down  as  the  prostatic  portion,  just  above  the  colliculus  seminalis.  It  is,  however, 
not  the  sphincter  muscle.  The  proper  sphincter  urethrae  (sph,  vesicaa  externus) 
lies  below  the  latter.  It  is  a  completely  circular  muscle  disposed  around  the 
urethra,  close  above  the  entrance  of  the  urethra  into  the  septum  urogenitale  at  the 
apex  of  the  prostate,  where  it  exchanges  fibres  with  the  deep  transverse  muscle  of 
the  perinceum  which  lies  under  it. 
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Some  longitutliiial  fibres,  which  run  along  the  upjier  margin  of  the  i)rostate  from  the  bladder 
belon"  to  this  sphincter  muscle.  Single  transverse  bundles  passing  forward  from  the  surface  of 
the  neck  of  the  bladder,  the  transverse  bands  which  lie  within  the  prostate,  the  apex  of  the 
coUiculus  seminalis,  and  a  strong  transverse  bundle  passing  in  front  of  the  origin  of  the  urethra 
into  the  substance  of  the  prostate— all  belong  to  the  S2>hincter  muscle  {Honlc).  In  the  male 
urethra,  the  hlood-vcssels  form  a  rich  capillary  plexus  under  the  epithelium,  below  which  is  a 
wide-meslied  lympliatic  plexus. 

[Tonus  of  Sphincter  Urethrse.  — Open  the  abdomen  of  a  rabbit,  ligature  one  ureter,  tie  a 
cannula  iu  the  other,  and  pour  water  into  the  bladder  until  it  runs  out  through  the  urethra, 
which  is  usually  under  a  pressure  of  16  to  20  inches.  If  the  spinal  cord  be  divided  between 
tlie  fifth  and  seventh  lumbar  vertebrai,  a  column  of  6  inches  is  sufficient  to  overcome  the 
resistance  of  the  siAincter,  while  section  at  the  fourth  lumbar  vertebra  has  no  efiect  on  the 
height  of  the  pressure.  In  such  an  animal  the  bladder  becomes  distended,  but  in  one  with  its 
.■ord  divided  between  the  fifth  and  seventh  lumbar  vertebrte,  there  is  incontinence  of  urine— 
in  the  former  case  because  the  excito-motor  impulses  are  cut  ofi'  from  the  centre  (5  to  7 
vert.),  and  in  the  latter  because  the  tonus  of  the  sphincter  is  destroyed  {Kiqrressoic).  This 
tonus  is  denied  b)'  Landois  and  others.] 

280— ACCUMULATION  OF  UEINE— MICTURITION.— After  emptying 
the  bladder,  the  urine  slowly  collects  again,  the  bladder  being  thereby  gradually 
distended.  [A  healthy  bladder  may  be  said  to  be  full  when  it  contains  20  oz.] 
As  long  as  there  is  a  moderate  amount  of  urine  in  the  bladder,  the  elasticity  of  the 
elastic  fibres  surrounding  the  urethra,  and  that  of  the  sphincter  of  the  urethra 
(and  in  the  male  of  the  prostate),  suffice  to  retain  the  urine  in  the  bladder.  This 
is  shown  by  the  fact  that  the  urine  does  not  escape  from  the  bladder  after  death. 
If  the  bladder  be  greatly  distended  (1'5  to  1'8  litre),  so  that  its  apex  projects 
above  the  pubes,  the  sensory  nerves  in  its  walls  are  stimulated  and  cause  a  feeling 
of  a  full  bladder,  while  at  the  same  time  the  urethral  opening  is  dilated,  so  that  a 
few  drops  of  urine  pass  into  the  beginning  of  the  urethra.  Besides  the  subjective 
feeling  of  a  full  bladder,  this  tension  of  the  walls  of  the  bladder  causes  a  reflex 
effect,  so  that  the  urinary  bladder  contracts  periodically  upon  its  fluid  contents, 
and  so  do  the  sphincter  of  the  urethra  and  the  muscular  fibres  of  the  urethra,  and 
thus  the  urethra  is  closed  against  the  passage  of  these  drops  of  urine.  As  long  as 
the  pressure  within  the  bladder  is  not  very  high,  the  reflex  activity  of  the  trans- 
versely striped  sphincter  overcomes  the  other  (as  during  sleep)  ;  but,  as  the  pressure 
rises  and  the  distension  increases,  the  contraction  of  the  walls  of  the  bladder  over- 
comes the  closure  produced  by  the  sphincter,  and  the  bladder  is  emptied,  as  occurs 
normally  in  young  children. 

As  age  advances,  the  sphincter  urethrse  comes  under  the  control  of  the  will,  so 
that  it  can  be  contracted  voluntarily,  as  occurs  in  man  w'hen  he  forcibly  contracts 
the  bulbo-cavernosus  muscle  to  retain  urine  in  the  bladder.  The  sphincter  ani 
usually  contracts  at  the  same  time.  The  reflex  activity  of  the  sphincter  may  also 
be  inhibited  voluntarily,  so  that  it  may  be  completely  relaxed.  This  is  the  con- 
dition when  the  bladder  is  emptied  voluntarily. 

Slight  movements,  confined  to  the  bladder,  occur  during  psychical  or  emotional  disturbances 
{e.g.,  anger,  fear),  [the  bladder  may  be  emptied  involuntarily  during  a  fright],  after  stimulation 
of  sensory  nerves,  auditory  impressions,  restraining  the  respiration,  and  by  arrest  of  the  heart's 
action.  There  are  slight  periodic  vaiiations  coincident  with  variations  in  the  blood-pressure. 
The  contractions  of  the  bladder  cease  after  deep  inspiration,  and  also  during  apnoea  {Mosso  and 
Pellacani).  The  excised  bladder  of  the  frog,  and  even  portions  free  from  ganglia,  exhibit 
rhythmical  contractions,  which  are  increased  by  heat  (Pfah).  [Ashdowu  found  in  dogs  that  the 
bladder  exhibits  regular  rhythmical  contractions,  which  were  influenced  by  the  degree  of 
distension  of  the  bladder,  being  most  marked  with  moderate  dilatation  and  least  when  the 
bladder  was  feebly  or  over-distended.  The  contractions  could  be  registered  by  means  of  a 
water-manometer  communicating  with  the  interior  of  the  bladder.] 

Nerves. — The  nerves  concerned  in  the  retention  and  evacuation  of  the  urine  are  :  

1.  The  motor  nerves  of  the  sphincter  urethras,  which  lie  in  the  pudendal  nerve 
(anterior  roots  of  the  third  and  fourth  sacral  nerves).  When  these  nerves  are  divided, 
as  soon  as  the  bladder  becomes  so  distended  as  to  dilate  the  urethral  opening,  the 
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urine  begins  to  trickle  away  (incontinence  of  urine).  2.  The  sensory  nerves  of  the 
urethra,  which  excite  these  reflexes,  leave  the  spinal  cord  by  the  posterior  roots  of 
the  third,  fourth,  and  fifth  sacral  nerves.  Section  of  these  nerves  causes  incon- 
tinence of  urine.  The  centre  in  dogs  lies  opposite  the  fifth,  and  in  rabbits,  oppo- 
site the  seventh,  lumbar  vertebra  (Hudge).  3.  Fibres  pass  from  the  cerebrum — 
those  that  convey  voluntary  impulses  through  the  peduncles,  and  the  anterior 
columns  of  the  spinal  cord  (according  to  Mosso  and  Peilacani,  through  the  posterior 
columns  and  the  posterior  part  of  the  lateral  columns),  to  the  motor  fibres  of  the 
sphincter  urethrai.  4.  The  inhibitory  fibres  concerned  in  the  reflex-inhibition  of 
the  sphincter  urethra;,  take  the  same  course  (perhaps  from  the  optic  thalamus  1) 
downwards  through  the  cord  to  where  the  third,  fourth,  and  fifth  sacral  nerves 
leave  it.  5.  Sensory  nerves  proceed  from  the  urethra  and  bladder  to  the  brain, 
but  their  course  is  not  known.  Some  of  the  motor  and  sensory  fibres  lie  for  a  part 
of  their  course  in  the  sympathetic. 

Transverse  section  of  the  spinal  cord  above  where  the  nerves  leave  it,  is 
always  followed  in  the  first  instance  by  retention  of  urine,  so  that  the  bladder  be- 
comes distended.  This  occurs  because — (1)  the  section  of  the  spinal  cord  increases 
the  reflex  activity  of  the  urethral  sphincter ;  and  (2),  because  the  inhibition  of  this 
reflex  can  no  longer  take  place.  As  soon,  however,  as  the  bladder  becomes  so  dis- 
tended, as  in  a  purely  mechanical  manner  to  cause  dilatation  of  the  urethral  orifice, 
then  the  urine  trickles  away,  but  the  amount  of  urine  which  trickles  out  in  drops 
is  small.  Thus  the  bladder  becomes  more  and  more  distended,  as  the  continuously 
distended  walls  of  the  organ  yield  to  the  increased  tension,  so  that  the  bladder  may 
become  distended  to  an  enormous  extent.  The  urine  very  frequently  becomes 
ammoniacal,  accompanied  by  catarrh  and  inflammation  of  the  bladder  (§  263). 

Voluntary  Micturition. — Observers  are  not  agreed  as  to  the  mechanism  con- 
cerned in  emptying  the  bladder  when  it  is  only  partially  full.  It  is  stated  by  some 
that  a  voluntary  impulse  passes  from  the  brain  along  a  cerebral  peduncle,  and  the 
cord,  to  the  anterior  roots  of  the  3rd  and  4th  sacral  nerves,  and  partly  through 
motor  fibres  from  the  2nd  to  the  5th  lumbar  nerves  (especially  the  3rd),  to  act 
directly  upon  the  smooth  muscular  fibres  of  the  bladder.  This  is  assumed,  because 
electrical  stimulation  of  any  part  of  this  nervous  channel  causes  contraction  of  the 
bladder.  This  view,  however,  does  not  seem  to  be  the  true  one.  It  is  to  be  re- 
membered that  Budge  showed  that  the  sensory  nerves  of  the  wall  of  the  bladder 
are  contained  in  the  first,  second,  third,  and  fourth  sacral  nerves,  and  also  in  part 
in  the  course  of  the  hypogastric  plexus,  whence  they  ultimately  pass  by  the  rami 
communicantes  into  the  spinal  cord. 

According  to  liandois,  the  smooth  musculature  of  the  bladder  cannot  be  excited 
directly  by  a  voluntary  impulse,  but  it  is  always  caused  to  contract  reflexly.  If  we 
wish  to  micturate  when  the  urinary  bladder  contains  a  small  quantity  of  urine, 
we  first  excite  the  sensory  nerves  of  the  opening  of  the  urethra,  either  by  causing 
contraction  or  relaxation  of  the  sphincter  urethrro,  or  by  means  of  slight  abdominal 
pressure,  and  thus  force  a  little  urine  into  the  urethral  orifice.  This  sensory 
stimulation  causes  a  reflex  contraction  of  the  walls  of  the  urinary  bladder.  At 
the  same  time,  this  condition  is  maintained  voluntarily,  by  the  action  of  the  intra- 
cranial reflex-inhibitory  centre  of  the  sphincter  urethra).  The  centre  for  the  reflex 
stimulation  of  the  movements  of  the  ivalls  of  the  urinary  bladder  is  placed  some- 
what higher  in  the  spinal  cord  than  that  for  the  sphincter  urethrse.  In  dogs,  it  is 
opposite  the  4th  lumbar  vertebra  {Gianuzzi,  Budge). 

[Two  centres  are  assumed  to  exist  in  the  cord,  fig.  292,  one  the  automatic  (A.C.)  at  the  segment 
corresponding  to  the  2nd,  3rd,  and  4th  sacral  ne'rves,  which  maintains  the  tonic  action  of  the 
sphincter ;  the  otlier,  a  reflex  centre  (R.  C. ),  is  situated  higher,  and  through  it  the  detrusor  urinaj 
is  excited  to  contraction.  Both  centres  are  connected  to  and  governed  or  controlled  by  a  cerebral 
centre  (C  )  The  automatic  centre  is  connected  with  the  sphincter,  and  tlie  other  with  the  urine- 
expellin'^  fibres.    They  are  also  connected  with  afferent  fibres  from  the  bladder  and  elsewhere. 
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The  afferent  or  sensory  fibres  are  also  connected  with  the  brain.  The  automatic  centre  maintains 
the  closure  of  the  bladder,  hut  if  the  latter  be  distended,  different  impulses  ]iroceeding  from  it 
reach  the  spinal  centre,  and  it  may  be  the  cerebrum.  The  imi>ul8es  reaching  the  automatic 
centre  inhibit  its  action  and  those  to  the  reflex  centre  excite  it,  so  that  the  detrusor  urinic  con- 
tracts.   If  the  afferent  impulses  be  powerful,  a  desire  to  urinate  is  excited,  and  voluntary 

 imjnilses  are  excited  which  act  upon  the  spinal  centres  as  the 

aiierent  impulses  do,  and  thus  the  act  of  urination  is  more  easily 
accomjilished.] 

We  may  conceive  a  voluntary  impulse  to  pass  down  special 
fibres  to  an  inhibitory  centre,  whicli  may  either  act  directly  on 
the  motor  centre,  or  possibly  may  send  branches  directly  to  the 
sphincter  muscles. 

Painful  stimulation  of  sensory  nerves  causes  reflex  contraction 
of  the  bladder  and  evacuation  of  the  urine  (in  children  during 
teething).  Reflex  contraction  of  the  bladder  can  be  brought  about 
in  cats,  by  stimulation  of  the  inferior  mesenteric  ganglion.  After 
section  of  all  the  nerves  going  to  the  bladder,  luemorrhage  and 
asphyxia  cause  contraction  by  a  direct  ettect  upon  the  structures 
in  the  wall  of  the  bladder.  As  yet  no  one  has  succeeded  in  excit- 
ing artificially  the  inhibitory  centre  in  the  brain  for  tlie  sphincter 
muscle  {SoTcoivin  and  Koa-alesku). 

It  seems  probable  that,  as  in  the  case  of  the  anal  sphincter 
(§  160),  there  is  not  a  continuous  tonic  reflex  stimulation  of  the 
sphincter  urethrte ;  the  reflex  is  excited  each  time  by  the  contents. 
The  sphincter  vesicB  of  the  anatomists,  which  consists  of  smooth 
muscular  tissue,  does  not  seem  to  take  part  in  closing  the  bladder, 
liudge  and  Landois  found  that,  after  removal  of  the  transversely 
striped  sphincter  urethiw,  stimulation  of  the  smooth  sphincter 
did  not  cause  occlusion  of  the  bladder,  nor  could  L.  Rosenthal 
or  v.  Wittich  convince  themselves  of  the  presence  of  tonus 
in  this  muscle.  Indeed,  its  very  existence  is  questioned  by 
Henle. 

Changes  of  the  Urine  in  the  Bladder. — "When  the  urine  is 
retained  in  the  bladder  for  a  considerable  time,  according  to 
and  cerebral  ceutres;B.,blad-  Kaupp,  there  is  an  increase  in  the  sodium  chloride  and  a  decrease 
der;  S. ,  sensory  centre  acted  in  the  urea  and  water.  Urine  which  remains  for  a  long  time  in 
on  by  aflerent  impulses.  the  bladder  is  prone  to  undergo  ammoniacal  decomposition. 
Absorption. — Many  observers  have  shown  that  the  mucous  membrane  of  the  bladder  is 
capable  of  absorbing  substances— potassium  iodide  and  other  soluble  salts.  [Ashdowii  has  shown 
that  poisons,  such  as  watery  solutions  of  strychnin,  curare,  eserin,  emulsions  of  chloroform  and 
ether,  are  absorbed  when  injected  into  the  bladder  of  rabbits.  In  rabbits,  KI  injected  into  the 
bladder  through  a  catheter  was  found  in  the  urine  obtained  from  the  divided  ureters.  AVater 
and  urea  are  also  absorbed — the  latter  in  larger  proportion  than  the  former.] 

As  the  ureters  enter  near  the  base  of  the  bladder,  the  last  secreted  urine  is  always  lowest.  If 
a  person  remain  perfectly  quiet,  strata  of  urine  are  thus  formed,  and  the  urine  may  be  voided  so 
as  to  prove  this  {Edlcfscn). 

The  pressure  within  the  bladder,  when  in  the  supine  position  =  13  to  1.5  centimetres  of 
water.  Increase  of  the  intra-abdominal  pressure  (by  inspiration,  forced  exjiiration,  coughing, 
bearing-down)  increases  the  pressure  wuthin  the  bladder.  The  erect  posture  also  increases  it, 
owing  to  the  pressure  of  the  viscera  from  above  {ScJuitz,  Dubois).  [James  obtained  4  to  4*5  inches 
Hg  as  the  highest  expulsive  power  of  the  bladder  including  the  abdominal  pressure,  voluntary 
and  involuntary.  In  paraplegia,  where  there  is  merely  the  expulsive  power  of  the  bladder,  he 
found  20  to  30  inches  of  water.] 

[Hydronephrosis  occurs  when  the  ureters  and  pelvis  of  the  kidney  become  dilated,  owing  to 
partial  and  gi'adual  obstruction  of  the  outflow  of  urine  from  the  ureters  :  if  the  obstruction 
become  complete,  there  is  cessation  of  the  urinary  secretion.  James  has  shown  that  the  bladder 
remains  contracted  for  several  seconds  after  it  is  emptied,  and  this  is  specially  the  case  in 
irritable  bladder;  so  that  this  condition  may  also  give  rise  to  hydronephrosis  by  damming  up 
the  urine  in  the  ureters.] 

Rapidity  of  Micturition. —The  amount  of  urine  voided  at  first  is  small,  but  it  increases  with 
the  time,  and  towards  the  end  of  the  act  it  again  diminishes.  In  men,  the  last  drops  of  urine 
are  ejected  from  the  urethra  by  voluntary  contractions  of  the  bulbo-cavernosus  muscle.  Adult 
dogs  increase  the  stream  rhythmically  by  the  action  of  this  muscle. 

281.— RETENTION  AND  INCONTINENCE  OF  URINE. —Retention  of  urine  or  ischuria 

occurs  :— 1.  When  there  is  obstruction  of  the  urethra,  from  foreign  bodies  concretions 
stricture,  swelling  of  the  prostate.    2.  Paralysis  or  exhaustion  of  "the  musculature  of  the 


Fig.  292. 
Scheme  of  micturition : — A.C., 
R.C. ,  C,  automatic,  reflex, 


COMPARATIVE  AND  HISTORICAL. 


437 


blailder  ;  the  latter  sometimes  occurs  after  delivery,  in  consequence  of  the  pressure  of  the  chikl 
against  the  bladder.  3.  After  section  of  the  siiinal  cord  (p.  435).  4.  Where  the  voluntary 
impulses  are  unable  to  act  ui)on  the  inhibitory  apparatus  of  the  sphincter  urethrre  reflex,  as  well 
as  when  the  sphincter  urethn>>  reflex  is  increased. 

Incontinence  of  urine  (stillicidium  urinss)  occurs  in  conseipience  of— 1.  Paralysis  of  the 
sphincter  urethiw.  2.  Loss  of  sensibility  of  the  urethra,  which  of  course  abolishes  the  reflex  of 
the  sphincter.  3.  Trickling  of  the  urine  is  a  secondary  consequence  of  section  of  the  spinal 
cord,  or  of  its  degeneration. 

Strangury  is  an  excessive  reflex  contraction  of  the  walls  of  the  bladder  and  sphincter,  due  to 
stimulation  of  the  bladder  and  urethra  ;  it  is  observed  in  inflammation,  neuralgia  [and  after 
the  use  of  some  poisons,  e.g.,  canthaiides]. 

_  Enuresis  noctuma,  or  involuntary  emptying  of  the  bladder  at  night,  may  lie  due  to  an 
increased  reflex  excitability  of  the  wall  of  the  bladder,  or  weakness  of  the  sphincter. 

282.  COMPARATIVE  AND  HISTORICAL.— Amongst  vertebrates,  the  urinary  and  genital 
organs  are  frequently  combined,  except  in  the  osseous  fishes.  The  WolHian  bodies  which  act 
as  organs  of  excretion  during  the  embryonic  period,  remain  throughout  life  in  fishes  and 
amphibians  and  continue  to  act  as  such.  Fishes.- The  myxinoids  (cyclostomata)  have  the 
simplest  kidneys ;  on  each  side  is  a  long  ureter  with  a  series  of  short-stalked  glomeruli  with 
capsules  arranged  along  it.  Both  ureters  open  at  the  genital  pore.  In  the  other  fishes,  the 
kidneys  lie  often  as  elongated  compact  masses  along  both  sides  of  the  vertebral  column. 
The  two  ureters  unite  to  form  a  urethra,  which  always  opens  behind  the  anus,  either 
united  with  the  opening  of  the  genital  organs,  or  behind  this.  In  the  sturgeon  and  hag-fish, 
the  anus  and  orifice  ot  the  urethra  together  form  a  cloaca.  Bladder-like  formations,  which, 
however,  are  morphologically  homologous  with  the  urinary  bladder  of  mammals,  occur  in  fishes, 
either  on  each  ureter  (ray,  hag-fish),  or  where  both  join.  In  amphibians,  the  vasa  efterentia  of 
the  testicles  are  united  with  the  urinary  tubules  ;  the  duct  in  the  frog  unites  with  the  one  on 
the  other  side,  and  both  conjoined  opens  into  the  cloaca,  whilst  the  capacious  iirinary  bladder 
opens  through  the  anterior  wall  of  the  cloaca.  From  reptiles  upwards,  the  kidney  is  no  longer 
a  persistent  Wolttian  body,  but  a  new  organ.  In  reptiles,  it  is  usually  flattened  and  elongated; 
the  ureters  open  singly  into  the  cloaca,  Saurians  and  tortoises  have  a  urinary  bladder.  In 
birds,  the  isolated  ureters  open  into  the  urogenital  sinus,  which  opens  into  the  cloaca,  internal 
to  the  excretory  ducts  of  the  genital  apparatus.  The  urinary  bladder  is  always  absent.  In 
mammals,  the  kidneys  often  consist  of  many  lobules,  e.g.,  dolphin,  ox. 

Amongst  invertebrates,  the  moUusca  have  excretory  organs  in  the  form  of  canals,  which  are 
provided  with  an  outer  and  an  inner  opening.  In  the  mussel,  this  canal  is  jirovided  with  a 
sponge-like  organ,  often  with  a  central  cavity,  and  consisting  of  ciliated  secretory  cells,  placed  at 
the  base  of  the  gills  (organ  of  Bojanus).  In  gasteropods,  with  analogous  organs,  uric  acid  has 
been  found.  Insects,  spiders,  and  centipedes  have  the  so-called  ]\Ialpighian  vessels,  which  are 
excretory  organs  partly  for  uric  acid  and  partly  for  bile.  These  vessels  are  long  tubes,  which 
open  into  the  first  part  of  the  large  intestine.  In  crabs,  blind  tubes  connected  with  the 
intestinal  tube,  perhaps  have  the  same  functions.    The  vermes  also  have  renal  organs. 

Historical. — Aristotle  directed  attention  to  the  relatively  large  size  of  the  human  bladder — 
he  named  the  ureters.  Massa  (1552)  found  lymphatics  in  the  kidney.  Eustachius  (t  1580) 
ligatured  the  ureters  and  found  the  bladder  empty.  Cusanus  (1565)  investigated  the  colour 
and  weight  of  the  urine.  Kou.sset  (1581)  described  the  muscular  nature  of  the  walls  of  the 
bladder.  Vesling  described  the  trigone  (1753).  The  first  important  chemical  investigations  on 
the  urine  date  from  the  time  of  van  Helmont  (1644).  He  isolated  the  solids  of  the  urine  and 
found  among  them  common  salt ;  he  ascertained  the  higher  specific  gravity  of  fever-urine,  and 
ascribed  the  origin  of  urinary  calculi  to  tlie  solids  of  the  urine.  Scheele  (1766)  discovered  uric 
acid  and  calcium  phosphate;  Arand  and  Kuuckel,  phosphorus;  Rouelle  (1773),  urea;  and  it  got 
its  name  from  Fourcroy  and  Vauquelin  (1799).  Berzelius  found  lactic  acid;  Seguiu,  albumin  in 
pathological  urine  :  Liebig,  hijipuric  acid  ;  Heintz  and  v.  Pettenkofer,  kreatin  and  kreatinin  ; 
Wollaston  (1810),  cystin.    Marcet  found  xauthin  ;  and  Lindbergson,  magnesic  carbonate, 


Functions  of  the  Skin. 

283.  STRUCTURE  OF  THE  SKIN,  HAIRS,  AND  NAIL.— The  skin  (3  3  to 

2'7  mm.  thick  ;  specific  gravity,  1057)  consists  of — 
[1.  The  epidermis ; 

2.  The  chorium,  or  cutis  vera,  with  the  papillse  (fig.  294).] 

The  epidermis  (0-08  to  0-12  mm.  thick)  consists  of  many  layers  of  stratified  epithelial  cells 
united  to  each  other  by  cement  substance  (figs.  293,  294).    The  superficial  layers— stratum 
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corneiun-consiKt  of  several  layers  of  dry  horny  non-nucleated  squames  wlucli  swell  up  i»  solu- 
tion of  caustic  soda  (Hg.  294,  E).  [It  is  always  thickest  where  intermittent  pressure  is  applied, 
as  on  he  sole  of  the  foot  and  palm  if  the  hand.  ]  The  next  layer  is  the  stratum  lucidum  which 
is  clear  and  transparent  in  a  section  of  skin,  hence  the  name,  and  consists  of  ^ompact  laj  eis  ot 
clear  cells  with  vestiges  of  nuclei.  Under  this  is  the  rete  mucosum  or  rete  Malpighu  (hg.  l\)i,  a), 
consisting  of  many  layers  of  nucleated  protoplasmic  epithelial  cells  which  contain  pigment  in 
the  dark  "races,  and  in  the  skin  of  the  scrotum,  and  around  the  anus.  [The  superficial  cells  are 
more  fusiform  and  contain  granules  which  stain  deeply  with  carmine.  1  hey  constitute,  6, 
the  stratum  granulosiim.    In  these  cells  the  formation  of  keratin  is  about  to  begin. 


and  the 


granules  have  been  called  eleidin  granules  by  Ranvier.  They  are  chemically  on  the  way  to 
be  transformed  into  keratin.    All  corneous  structures  contain  similar  granules  in  the  area  where 

the  cells  are  becoming  corneous.     ihen  follow 


Stratum 
Malpighii, 


the  cells  are  becoming  corneous.  Then  follow 
several  layers  of  more  or  less  polyhedral  cells, 
softer  and  more  plastic  in  their  nature,  and  ex- 
hibiting the  characters  of  so-called  "prickle 
cells"  (fig.  294,  R).  [The  spaces  between  the 
fibrils  connecting  adjacent  cells  are  lymph  spaces.] 
The  deepest  layers  of  cells  are  more  or  less 
columnar,  and  the  cells  are  placed  vertically  upon 
the  papillre.  Granular  leucocytes  or  wandering 
cells  are  sometimes  found  between  these  cells. 
This,  the  fourth  layer,  has  been  called  the  stratum 
Malpighii.  The  rete  Mal])ighii  dips  down  between 
adjacent  papillfe  and  forms  interpapillary  pro- 
cesses. According  to  Klein,  a  delicate  basement 
membrane  separates  the  epidermis  from  the  true 
skin.  ]  The  superficial  layers  of  the  epidermis  are 
continually  being  thrown  off,  while  new  cells  are 
continually  being  formed  in  the  deeper  layers  of 
the  skin  by  proliferation  of  the  cells  of  the  rete 
Malpighii.  There  is  a  gradual  change  in  the 
microscopic  and  chemical  characters  of  the  cells 
from  the  deepest  to  the  superficial  layers  of  the 
epidermis.  [In  a  vertical  section  of  the  skin 
stained  with  picro-carmine,  the  S.  granulosum 
is  deeply  stained  red,  and  is  thus  readily  distin- 
guished amongst  the  other  layers  of  the  epidermis.] 


[Epider- 
mis 

(fig- 
293), 


I 


n 

Fig.  293. 

Vertical  section  of  the  human  epidermis  ; 
the  nerve-fibrils,  n,  b,  stained  with 
gold  chloride. 


Cuticle. 

Rete 
Mucosum.] 


(1)  Stratum  corneim, 

(2)  Stratum  lucidwa, 

(3)  Stratum  granulosum, 

(4)  Stratum.  Malpighii, 

No  pigment  is  formed  within  the  epidermis 
itself;  when  it  is  present,  it  is  carried  by  leucocj^tes 
from  the  subcutaneous  tissue  [Richl,  mirvmnn. 
Acby).  This  explains  how  it  is  that  a  piece  of 
white  skin,  transplanted  to  a  negro,  becomes 
black  (Ka.rg). 

The  chorium  (fig.  294,  I,  C)  is  beset  over  its 
entire  surface  by  numerous  (0"5  to  0"1  mm.  high) 
papillae  (fig.  294),  the  largest  being  upon  the  volar  surface  of  the  hand  and  foot,  on  the  nipple 
and  glans  penis.  Most  of  the  papillje  contain  a  looped  capillary  (g),  while  in  certain  regions 
some  of  them  contain  a  touch-corpuscle  (fig.  295,  a).  The  papilhe  are  disposed  in  groups, 
whose  arrangement  varies  in  dififerent  parts  of  the  body.  In  the  palm  of  the  hand  and  sole  of 
the  foot  they  occur  in  rows,  which  are  marked  out  by  the  existence  of  delicate  furrows  on  the 
surface  visible  to  the  naked  eye.  The  chorium  consists  of  a  dense  network  of  bundles  of  white 
fibrous  tissue  mixed  with  a  network  of  elastic  fibres,  which  are  more  delicate  in  the  papillae.  In 
silversmiths  the  elastic  fibres  are  blackened  by  the  partial  deposition  of  reduced  silver,  and  the 
same  obtains  in  those  who  take  silver  nitrate  in  such  quantity  as  to  produce  argyria.  The  con- 
nective-tissue contains  many  connective-tissue  corpuscles  and  numerous  leucocytes.  The  deeper 
connective-tissue  layers  of  the  chorium  gradually  pass  into  the  subcutaneous  tissue,  where  they 
form  a  trabecular  arrangement  of  bundles,  leaving  between  them  elongated  rhomboidal  spaces 
filled  for  the  most  part  with  groups  of  fat  cells  (fig.  294,  a,  a).  [In  microscopic  sections,  after 
the  action  of  alcohol,  the  fat  cells  not  unfrequently  contain  crystals  of  margarin.]  The  loirg  axis 
of  the  rhomb  corresponds  to  the  greater  tension  of  the  skin  at  that  part  (C  Langcr).  In  some 
situations  the  subcutaneous  tissue  is  devoid  of  fat  [penis,  eyelids].  In  many  situations,  the 
skin  is  £xed  by  solid  fibrous  bands  to  subjacent  structures,  as  fascife,  ligaments  or  bones 
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(tenacula  cutis) ;  in  other  parts  as  over  bony  prominences,  burste  partially  lined  with  cuclo- 
thelium  and  fdled  with  synovia-hke  fluid,  occur 

Smooth  musciUar  fibres  occur  in  the  chorium  in  certain  situations  on  extensor  surfaces 


Fig.  294. 

I,  Vertical  section  of  the  skin,  with  a  hair  and  sebaceous  gland,  T.  Epidermis  and  chorium 
shortened — 1,  outer  ;  2,  inner  fibrous  layer  of  the  hair-follicle  ;  3,  its  hyaline  layer  ;  4, 
outer  root  sheath  ;  5,  Huxley's  layer  of  the  inner  root  sheath  ;  6,  Henle's  layer  of  the 
same  ;  ^j,  root  of  the  hair,  with  its  papilla ;  A,  arrector  pili  muscle  ;  C,  chorinm  ;  a,  sub- 
cutajieous  fatty  tissue  ;  h,  epidermis  (horny  la3'er) ;  d,  rete  Alalpighii ;  g,  blood-vessels  of 
papilliB  ;  V,  lymphatics  of  the  same  ;  h,  horny  or  corneous  substance ;  i,  medulla  or  pith  ; 
k,  epidermis  or  cuticle  of  hair  ;  K,  coil  of  sweet-gland  ;  E,  epidermal  scales  (seen  from  above 
and  cn  face)  from  the  stratum  corneum  ;  R,  prickle  cells  from  the  rete  M.alpighii  ;  n,  super- 
ficial, and  1)1,  deep  cells  from  the  nail ;  H,  hair  magnified ;  c,  cuticle ;  c,  medulla,  with  cells ; 
/,  /,  fusiform  fibrous  cells  of  the  substance  of  the  liair  ;  x,  cells  of  Huxley's  layer  ;  I,  those 
of  Henle's  layer  ;  S,  transverse  section  of  a  sweat-gland  from  the  axilla  ;  a,  smooth  muscular 
fibres  surrounding  it ;  t',  cells  from  a  sebaceous  gland,  some  of  them  containing  granules  of  oil. 

(Neumann) ;  nipple,  areola  mammre,  prepuce,  perinreum,  and  in  special  abundance  in  the 
tunica  dartos  of  the  scrotum. 

[Griianin  in  the  Skin. — The  skin  of  many  amphibians  and  reptiles  contains  brown  or  black 
pigment-granules,  and  other  granules  of  a  white,  silvery,  or  chalky  appearance.  Ewald  and 
Krukenbeig  have  shown  that  the  latter  consists  of  guanin,  and  that  this  substance  is  very 
widely  diffused  in  the  skin  of  fishes,  amphibians,  and  reptiles.    Test :— Select  a  piece  of  skin 
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from  tlie  bellj'  of  a  frog  ;  place  it  in  a  porcelain  capsule  as  for  the  niurexitle  test ;  add  concen- 
trated nitric  acid,  and  heat  to  dryness,  when  a  yellow  residue  is  obtained  ;  on  adding  a  drop  of 
caustic  soda  a  red  colour  is  struck.  The  yellow  residue  gives  no  reaction  with  annnonia.  If  to 
the  fluid  more  water  be  added,  and  it  be  then  heated,  distributed  over  the  surface  of  the  cap- 
sule, and  cooled  by  blowing  upon  it,  various  shades  of  purple  and  violet  are  obtained.] 

The  nails  (specific  gravity  1"19)  consist  of  numerous  layers  of  solid,  horny,  homogeneous, 
epidermal,  or  nail-cells,  which  may  be  isolated  with  a  solution  of  caustic  alkali,  when  they 
swell  up  and  exhibit  the  remains  of  an  elongated  nucleus  (fig.  294,  n,  vi).  The  whole  under 
surface  of  the  nail  rests  upon  the  nail-bed  ;  the  lateral  and  posterior  edges  lie  in  a  deep  groove, 
the  nail-groove  (fig.  296,  c).  The  chorium  under  the  nail  is  covered  throughout  its  entire 
extent  by  longitudinal  rows  of  papillse  (fig.  296,  d).   Above  this  there  lies,  as  in  the  skin,  many 

layers  of  prickle  cells  like  those  in  the  rete 
Malpighii  (fig.  294,  cl),  and  above  this  again 
is  the  substance  of  the  nail  (fig.  296,  a). 
[The  stratum  granulosum  is  rudimentary  in 
the  Uc'iil-bed.  The  substance  of  the  nail  re- 
presents the  stratum  lucidum,  there  being 
no  stratum  corneum  (Klein).]  The  poste- 
rior part  of  the  nail-groove  and  the  half 
moon,  brighter  part  or  lunule,  form  the  root 
nail.  They  are,  at  the  same  time, 
the  matrix,  from  which  growth  of  the  nail 
takes  i^lacc.  The  lunule  is  present  in  an 
isolated  nail,  and  is  due  to  diminished  trans- 
parency of  the  posterior  part  of  the  nail, 
owing  to  the  special  thickness  and  uniform 
distribution  of  the  cells  of  the  rete  Malpighii 
(Toldt). 

Growth  of  the  Nail. — According  to  Unna,  the  inatrix  extends  to  the  front  part  of  the  lunule. 


of  the 


i-"ig.  295. 

Papilla;  of  the  skin,  epidermis  removed,  blood- 
vessels injected  ;  some  contain  a  Wagner's  touch- 
corpuscle,  a,  the  others  a  capillary  loop. 


The  nail  grows 
by  the  matrix. 


continually  from  l)ehind  forwards,  and  is 
These  layers  run  parallel  to  the  surface 


foimed  by  layers  secreted  or  formed 
of  the  matrix.  They  run  obliquely 
from  above  and  behind,  downwards 
and  forwards,  through  the  thick- 
ness of  the  substance  of  the  nail. 
The  nail  is  of  the  same  thickness 
from  the  anterior  margin  of  the 
lunule  forwards  to  its  free  margin. 
Thus  the  nail  does  not  grow  in 
thickness  in  this  region.  In  the 
course  of  a  year  the  fingers  produce 
about  2  grms.  of  nail  substance, 
and  relatively  more  in  summer  than 
in  winter. 

Development.  —  1.  From  the 
second  to  the  eighth  month  of 
footal  life,  the  position  of  the  nail  is 
indicated  by  a  partial  but  marked 
horny  condition  of  the  epidermis  on 
the  back  of  the  first  phalanx,  the 
"eponychium."  The  remainder 
of  this  sulistance  is  represented, 
during  life  by  the  normally  formed 
epidermal  layer,  which  separates 
the  future  nail  from  the  surface  of 
the  furrow.  2.  The  future  nail  is 
formed  under  the  eponychium,  with  its  first  nail-cells  still  in  front  of  the  nail-groove  ;  then  the 
nail  grows  and  pushes  forward  towards  the  groove.  At  the  seventh  month°  the  nail 
covered  by  the  eponychium)  covers  the  whole  extent 
period,  the  eponychium  splits  off,  the  nail  is  uncovered, 
the  bed  of  the  nail,  while  simultaneously  the  matrix 
part  of  the  groove  (Unna). 

Absence  of  Hairs.— The  whole  of  the  skin,  with  the 
hand,  sole  of  the  foot,  dorsal  surface  of  the  third  phalanx  of  the  fingers  and  toes,  outer 
surface  of  the  eyelids,  glans  penis,  inner  surface  of  the  prepuce,  and  part  of  the  labia  is  covered 
with  hairs,  which  may  be  strong  or  fine  (lanugo). 

A  Hair  (specific  gravity  1-26)  is  fixed  by  its  lower  extremitv  (root)  in  a  depression  of  the 
skm  or  a  hair-foUicIe  (fig.  294,  I,  2>)  which  passes  obliquely  through  the  thickness  of  the  skin, 


Transverse  section  of  one-half  of  a  nail,    a,  nail-substance 
b,  more  open  layer  of  cells  of  the  nail-bed  ;  c,  stratum 
Malpighii  of  the  nail-bed  ;  d,  transversely  divided  pa- 
pillaj  ;  c,  nail-groove  ;  /,  horny  layer  of  c  projecting  over 
the  nail  ;  g,  papilhv  of  the  skin  on  the  back  of  the  finger. 


-  (itself 

of  the  nail-bed.    3.  AVhen,  at  a  later 
After  birth  the  papilla;  are  formed  on 
passes  backwards  to  the  most  posterior 

exception  of  the  palmar  surface  of  the 
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sonvetimes  as  far  as  the  subcutaneous  tissue.  The  structure  of  a  hair-follicle  is  the  following  :— 
1.  Ihe  outer  fibrous  layer  (hgs.  294,  1,  293),  composed  of  interwoven  bundles  of  connective- 
tissue,  arranged  for  the  most  part  longitudinally,  and  provided  with  numerous  blood-vessels 
ana  nerves.  [It  is  just  the  connective-tissue  of  the  surrounding  chorium.]  2.  The  inner 
fabrous  layer  figs.  294  2  297)  consists  of  a  layer  of  fusiform  cells  smooth  muscular  fibres) 
arranged  circularly.  [It  does  not  extend  throughout  the  whole  length  of  the  follicle.]  3.  In- 
side tins  layer  is  a  transparent,  hyaline,  glass-like  basement  membrane  (figs.  292,  3,  297), 
which  ends  at  the  neck  of  the  hair-follicle  ;  while  above  it  is  continued  as  the  basement 
membrane  which  exists  between  the  epidermis  and  chorium.  In  addition  to  these  coverings,  a 
hair-toUicle  has  epithelial  coverings  which  must  be  regarded  in  relation  to  the  layers  of  the 
TJf"  j!""^ediately  within  the  glass-like  membrane  is  the  outer  root-sheath  (figs.  294,  4, 
^y/,  -jys),  which  consists  of  so  many  layers  of  epithelial  cells  that  it  forms  a  conspicuous 
covering.  It  is  in  fact,  a  direct  continuation  of  the  stratum  Malpighii,  and  consists  of  nianv 
layers  ot  soft  cells,  the  cells  of  the  outer  layer  being  cylindrical.  Towards  the  base  of  the  hair- 
lollicle  It  becomes  narrower,  and  is  united  to,  and  continues  with  the  cells  of  the  root  of  the 
hair  Itself,  at  least  m  fully  developed  hairs-  The  horny  layer  of  the  eindcrmis  continues  to 
retain  its  properties  as  far  down  as  the  orifice  of  the  seba- 
ceous follicle ;  below  this  ]ioint,  however,  it  is  continued  as 
the  inner  root-sheath.  This  consists  of  (1)  a  single  layer 
of  elongated,  fiat,  homogeneous,  non-nucleated  cells  (figs. 
294,  6,  297,  f—Henlc's  layer)  placed  next  and  within  the 
outer  root-sheath.  Within  this  lies  (2)  Huxley's  layer  (figs. 
294,  5,  297,  g),  consisting  of  nucleated  elongated  polygonal 
cells  (fig.  294,  and  3),  while  the  cuticle  of  the  hair-follicle 
is  composed  of  cells  analogous  to  those  of  the  surface  of  the 
hair  itself.  Towards  the  bulb  of  the  hair  these  three  layers 
become  fused  together. 

[Coverings  of  a  hair-follicle  arranged  from  without  in- 
wards— 


Fibrous  layers. 


Fig. 


297. 


(«)  Longitudinally  arranged  fibrous  tissue. 

{h)  Circularly  arranged  spindle  cells. 

Glass-like  (hyaline)  membrane. 

17  -xi^i-  1         (  (rt)  Outer  root-sheath.  ,  tt    1  .  , 

•^nvll  \  ^)  I»»er  root-sheath.     ^^''\^  '}T'- 

layers,  |  )^^^> ^^^^^^^^         j^,^.^.   \  Huxley  s  layer. 

4.  The  hair  itself. 

The  arrector  pili  muscle  (fig.  294,  A)  is  a  fan-like  arrange- 
ment of  a  layer  of  smooth  muscular  fibres,  attached  below 
to  the  side  of  a  hair-follicle  and  extending  towards  the 
surface  of  the  chorium  ;  as  it  stretches  obliipiely  upwards, 
it  subtends  the  obtuse  angle  formed  by  the  hair-follicle  and 
the  surface  of  the  skin,  [or,  in  other  words,  it  forms  an  acute 
angle  with  the  hair-follicle,  and  between  it  and  the  follicle 
lies  the  sebaceous  gland].  When  these  muscles  contract, 
they  raise  and  erect  the  hair-follicles,  producing  the  con- 
dition of  cutis  anserina  or  gooscskin.  As  the  sebaceous 
gland  lies  in  the  angle  between  the  muscle  and  the  hair- 
follicle,  contraction  of  the  muscle  compresses  the  gland  and 
favours  the  evacuation  of  the  sebaceous  secretion.  It  also 
compresses  the  blood-vessels  of  the  papilla  ( Unna). 

The  hair  with  its  large  bulbous  extremity — hair-bulb — 
sits  upon,  or  rather  embraces,  the  papilla.  It  consists  of  (1) 
the  omu'rov;  or  medulla  (fig.  294,  i),  which  is  absent  in  woolly  hair  and  in  the  hairs  formed  during 
the  first  year  of  life.  It  is  composed  of  two  or  three  rows  of  cubical  cells  (H,  c).  (2)  Outside 
this  lies  the  thicker  cortex  {h),  which  consists  of  elongated,  rigid,  horny,  fibrous  cells  (H,  /, /), 
while  in  and  between  these  cells  lie  the  pigment  granules  of  the  hair.  (3)  The  surface  of  the 
hair  is  covered  with  a  cuticle  (k),  and  consists  of  imbricated  layers  of  non-nucleated  s(iuames. 

Grey  Hair. — When  the  hair  becomes  grey,  as  in  old  ago,  this  is  due  to  defective  formation  of 
pigment  in  the  cortical  part.  The  .silvery  appearance  of  white  hair  is  increased  when  small  air- 
cavities  are  developed,  especially  in  the  medulla  and  to  a  less  extent  in  tlie  cortex,  where  they 
reflect  the  light.    Landois  records  a  case  of  the  hair  becoming  siiddcnly  grey,  in  a  man  whose 


Transverse  section  of  a  hair  and 
its  follicle,  a,  outer  fibrous  coat 
with  b,  blood-vessels  ;  c,  inner 
circularly  dispo.sed  layer ;  d, 
glass-like  layer  ;  e,  outer,  /,  g, 
inner,  root-sheath  ;  /,  outer 
layer  of  the  same  (Henle's 
sheath)  ;  g,  inner  layer  of  the 
.same  (Huxley's  sheath)  ;  h, 
cuticle  ;  I,  hair. 


attack  of  delirium  tremens. 


hair  became  grey  during  a  single  night,  in  the  course  of  an 
Numerous  air-spaces  were  found  throughout  the  entire  marrow  of  the  (blond)  hairs,  while  the 
hair-[)igraent  still  remained. 

[Blood-Pigment  in  Hairs. — The  feelers  of  albino  rabbits  contain  in  some  part  of  their  sub- 
stances blood-pigment  {Sig.  Mayer).'] 
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inner  darker  part, 


Development  of  Hair. -According  to  Kulliker,  from  the  12th  to  13th  week  of  intra-utenne 
life  solid  tiii"er-like  processes  of  the  epidermis  are  pushed  down  into  the  chorium.  I  he  process 
becomes  Mask-shaped,  while  the  central  cells  of  the  cylinder  become  elongated  and  torm  a 
conical  bodv,  arising  as  it  were  from  tlie  depth  of  the  recess.  It  soon  diHerentiates  into  an 
which  becomes  the  liair,  and  a  thinner,  clearer  layer  covering  the  lormer, 
the  inner  root-sheath.  The  outer  cells,  i.e.,  those  lying 
next  the  wall  of  the  sac,  form  the  outer  root-sheath. 
Outside  this,  again,  the  fibrous  tissue  of  the  chorium 
forms  a  rudimentary  hair-follicle,  while  one  of  the 
papilla;  grows  up  against  it,  indents  it,  and  becomes 
embraced  by  the  bulb  of  the  hair.  This  is  the  hair 
papilla,  which  contains  a  loop  of  blood-vessels.  The 
cells  of  the  bulb  of  the  hair  proliferate  rapidly  and  thus 
the  hair  grows  in  length.  The  point  of  the  hair  is 
thereby  gradually  pushed  upwards,  pierces  the  inner 
root-sheath,  and  passes  obli(|uely  through  the  epidermis. 
Tlie  hairs  appear  upon  the  forehead  at  the  19th  week  ; 
at  the  23rd  to  25th  week  the  lanugo  hairs  appear  free, 
and  they  have  a  characteristic  arrangement  on  different 
parts  of  the  body. 

Physical  Properties.  —  Hair  has  very  considerable 
elasticity  (stretching  to  0-33  of  its  length),  considerable 
cohesion  (carrying  3  to  5  lbs.),  resists  pntrefaction  for 
a  long  time,  and  is  highly  hygroscopic.  The  last  pro- 
perty is  also  possessed  by  epidermal  scales,  as  is  proved 
by  the  pains  that  occur  in  old  wounds  and  scars  during 
damp  W'cather. 

Growth  of  a  hair  occurs  by  proliferation  of  the  cells  on 
the  surface  of  the  hair  papilla,  these  cells  representing 
the  matrix  of  tlie  hair.  Layer  after  layer  is  formed,  and 
gradually  the  hair  is  raised  higher  within  its  follicle. 

Change  of  the  Hair. — According  to  one  view,  wlien 
the  hair  has  reached  its  full  length,  the  process  of  forma- 
tion on  the  surface  of  the  hair  papilla  is  interrupted ; 
the  root  of  the  hair  is  raised  from  the  papilla,  becomes 
horny,  remains  almost  devoid  of  pigment,  and  is  gradu- 
ally more  and  more  lifted  upwards  from  the  surface  of 
the  papilla,  while  its  lower  bulbous  end  becomes  split 
up  like  a  brush.  The  lower  empty  part  of  the  hair- 
follicle  becomes  smaller,  while  on  the  old  papilla  a  new 
foi  mation  of  a  hair  begins,  the  old  hair  at  the  same  time 
falling  out  ( Unna).  According  to  Stieda,  the  old  papilla 
disap])ears,  while  a  new  one  is  formed  in  the  hair-follicle, 
and  from  it  the  new  hair  is  developed.  According  to 
KciUiker,  again,  both  processes  obtain. 

284.  THE  GLANDS  OF  THE  SKIN.  —The  sebaceous 
glands  (fig.  294,  1,  T)  are  simple  acinous  glands,  which 
open  by  a  duct  into  the  hair-follicles  of  large  hairs  near 
their  upper  part ;  in  the  case  of  small  hairs,  they  may 
project  from  the  duct  of  the  gland  (fig.  299).    In  some 
situations,  the  ducts  of  the  glands  open  free  upon  the 
surface,  e.g.,  the  glands  of  labia  minora,  glans,  prepuce 
(Tyson's  glands),  and  the  red  margins  of  the  lips.  The 
largest  glands  occur  in  the  nose  and  in  the  labia  ;  they 
are  absent  only  from  the  vola  manus  and  planta  pedis. 
The  oblong  alveoli  of  the  gland  consist  of  a  basement 
membrane  lined  with  small  polyhedral  nucleated  granu- 
lar secretory  cells  (fig.  294,  t).    AVithin  this  are  other 
tains  numerous  oil-globules  ;  the  cells  become  more  fatty 
as  we  proceed  towards  the  centre  of  the  alveolus.    The  cells  lining  the  duct  are  continuous 
with  those  of  the  outer  root-sheath.    The  detritus  formed  by  the  fatty  metamorphosis  of  the 
cells  constitutes  the  sebum  or  sebaceous  secretion.    [If  the  "  oil  or  coccygeal-glaud  "  of  a  duck 
be  removed,  it  is  found  that,  when  the  animal  is  submerged,  it  takes  up  between  its  feathers 
about  the  same  amount  of  water  as  an  intact  duck  ;  but  it  retains  2  to  1\  times  as  much  water 
in  its  feathers  {Max  JosepK).'\ 

The  sweat-glands  (fig.  294,  I,  k),  sometimes  called  sudoriparous  glands,  consist  of  a  long 


Fig.  298. 

Section  of  a  hair-follicle  while  a  hair 
is  being  shed,  n,  outer  and  middle 
sheaths  of  hair-follicle ;  h,  hyaline 
membrane  ;  c,  papilla,  with  a  capil- 
lary ;  (I,  outer,  e,  inner  root-sheath  ; 
f,  cuticle  of  the  latter  ;  g,  cuticle  of 
the  hair;  h,  young  non-medullated 
hair  ;  i,  tip  of  new  hair  ;  I,  hair- 
knob  of  the  shed  hair,  with  k,  the 
remainder  of  the  cast-off  outer  root- 
sheath. 

polyhedral  cells,  whose 
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blind  tube,  whose  lower  end  is  arranged  in  the  form  of  a  coil  jihiced  in  the  areolar  tissue  under 
the  skin,  while  the  somewliat  smaller  upper  end  or  excretory  portion  winds  in  a  vertical, 
slightly  wave-hke  manner,  througli  the  chorium,  and  in  a  cork-screw  or  spiral  manner  through 


the  epidermis,  where  it  opens  with  a  free,  somewhat  trumpet-shaped,  mouth.  The  glands  are 
very  numerous  and  large  in  the  palm  of  the  hand,  sole  of  the  loot,  axilla,  forehead,  and  around 
the  iui)ple ;  lew  on  the  hack  of  the  trunk,  and  are  absent  on  the  glans.  prepuce,  and  margin  of 
the  lr[.s  The  circumanal  glands  and  the  ceniminous  glands  of  the  external  auditory  meatus, 
and  Moll's  glands,  which  open  into  the  hair-follicles  of  the  eyelashes,  are  modifications  of  the 
sweat-glands. 

Each  gland-tube  consists  of  a  basement  membrane  lined  by  cells  ;  the  excretory  part  or 
sweat-canal  of  the  tube  is  lined  by  several  layers  of  cubical  cells,  wliosc  surface  is  covered  by  a 
delicate  cuticular  layer,  a  small  central  lumen  being 
left.  Within  the  coil  the  structure  is  different.  The 
first  part  of  the  coil  resembles  the  above,  but  as  the 
coil  is  the  true  secretory  part  of  the  gland,  its  structure 
differs  from  the  sweat-canal.  This,  the  so-called  distal 
portion  of  the  tube,  is  lined  by  a  simjle  layer  of  moder- 
ately tall  clear  nucleated  cylindrical  epithelium  (fig, 
294,  S),  often  containing  oil-globules.  Smooth  muscu- 
lar fibres  are  arranged  longitudinally  along  the  tube  in 
the  large  glands  (fig.  294,  S,  a).  There  is  a  distinct 
lumen  present  in  the  tube.  As  the  duct  passes  through 
the  epidermis,  it  winds  its  way  between  the  epidermal 
cells  without  any  independent  membrane  lining  it 
{Heynold).  A  network  of  capillaries  surrounds  the 
coil.  Before  the  arteries  split  up  into  capillaries,  they 
form  a  true  rete  mirabile  around  the  coil  {Briickc).  This 
is  comparable  to  the  glomerulus  of  the  kidney,  which 
may  also  be  regarded  as  a  rete  mirabile.  J^umerous 
nerves  pass  to  form  a  plexus,  and  terminate  in  the 
glands  {Tomsa). 

The  total  number  of  sweat-glands  is  estimated  by 
Krause  at  2i  millions,  which  gives  a  secretory  surface 
of  nearly  1800  square  metres.  These  (jlands  secrete 
sweat.  Nevertheless,  an  oily  or  fatty  substance  is  often 
mixed  with  the  sweat.  In  some  animals  (glands  in 
the  sole  of  the  foot  of  the  dog,  and  in  birds)  this  oily 
secretion  is  very  marked. 

Numerous  lymphatics  occur  in  the  cutis,  some  arise 
by  a  blind  end,  and  others  from  loops  within  the  papilla 
on  a  plane  lower  than  the  vascular  capillary.  [These 
open  into  more  or  less  horizontal  networks  of  tubular 
lymphatics  in  the  cutis,  and  these  again  into  the  wide 


lymphatics  of  the  subcutaneous  tissue,  which  are  well  „  ,  "'.r  \ 

provided  with  valves.]  Special  lymphatic  spaces  are  Sebaceous  gland,  with  a  lanu 
disposed  in  relation  with  the  hair-follicles  and  their     g>'anular  epithelium  ;  6  ret 


go  hair,  n. 


ete  Malpighii 
continuous  with  a;  c,  fatty  cells  and 
free  fat ;  d,  acini ;  e,  hair-follicle,  with 
a  small  hair,  /. 


disposed 

glands  {Neumann),  [and  also  with  the  fat  {Klein).  The 
lymphatics  of  the  skin  are  readily  injected  with  Berlin 
blue  by  the  puncture  method]. 

The  blood-vessels  of  the  skin  are  arranged  in  several  .systems.  There  is  a  superficial  system, 
from  which  proceed  the  capillaries  for  the  papillre.  There  is  a  deeper  system  of  vessels  which 
supplies  special  blood-vessels  to  {a)  the  fatty  tissue  ;  {h)  the  hair-follicles,  each  of  which  has  a 
special  vascular  arrangement  of  its  own,  and  in  connection  with  this  each  sebaceous  gland 
receives  a  special  artery  ;  (c)  an  artery  goes  also  to  each  coil  of  a  sweat-gland,  where  it  forms  a 
dense  plexus  of  capillaries  {Tomsa). 

285.  THE  SKIN  AS  A  PROTECTIVE  COVERING.— The  subcutaneous 
fatty  tissue  fills  up  the  depressions  between  adjoining  parts  of  the  body  and  covers 
projecting  parts,  no  that  a  more  rounded  appearance  of  the  body  is  thereby  ob- 
tained. It  also  acts  as  a  soft  elastic  pad  and  protects  delicate  parts  from  external 
pressure  (sole  of  the  foot,  palm  of  the  hand),  and  it  often  surrounds  and  protects 
blood-vessels,  nerves,  ifec.  It  is  a  bad  conductor  of  heat,  and  thus  acts  as  one  of 
the  factors  regulating  the  radiation  of  heat  (§  214,  II.,  4),  and,  therefore,  the 
temperature  of  the  body.    The  epidermis  and  cutis  vera  also  act  in  tlie  same  manner 


(§212). 


Klug 


found  that  the  heat-conduction  is  less  through  the  slcin  and  sub- 
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cutaneous  fatty  tissue  than  through  the  skin  alone ;  the  epidermis  conducts  heat 
less  easily  than  the  fat  and  the  chorium. 

The  solid,  elastic,  easily  movable  cutis  affords  a  good  protectio7i  against  external, 
mecha)iiral  injuries;  while  the  dry,  impermeable,  horny  epidermis,  devoid  of 
nerves  and  blood-vessels,  affords  a  further  protection  against  the  absorption  of 
poisons,  and  at  the  same  time  it  is  capable  of  resisting,  to  a  certain  degree,  thermal 
and  even  chemical  actions.  A  thin  layer  of  fatty  matter  protects  the  free  surface  of 
the  epidermis  from  the  macerating  action  of  fluids,  and  from  the  disintegrating 
action  of  the  air.  The  epidermis  is  important  in  connection  with  the  Jiuids  of  the 
body.  It  exerts  pressure  upon  the  cutaneous  capillaries,  and,  to  a  limited  extent, 
prevents  too  great  diffusion  of  fluid  from  the  cutaneous  vessels.  Parts  of  the  skin 
devoid  of  epidermis  are  red  and  always  moist.  When  dry,  the  epidermis  and  the 
epidermal  appendages  are  bad  conductors  of  electricity  (§  326).  Lastly,  the  exist- 
ence of  uninjured  epidermis  prevents  adjoining  parts  from  growing  together. 

As  the  epidermis  is  but  slightly  extensile  it  is  stretched  over  the  folds  and  papillfE  of  the  cutis 
vera,  which  becomes  level  when  "the  skin  is  stretched,  and  the  papillaj  may  even  disappear  with 
strong  tension  [Leioinski). 

286.  CUTANEOUS  RESPIRATION:  SEBUM— SWEAT.— The  skin,  with  a 
surface  of  more  than  1-^-  square  metre,  has  the  following  secretory  functions  : — 

1.  The  respiratory  excretion  ; 

2.  The  secretion  of  sebaceous  matter ;  and 

3.  The  secretion  of  sweat. 

[Besides  this  the  skin  is  protective,  contains  sense-organs,  is  largely  concerned 
in  regulating  the  temperature,  and  may  be  concerned  in  absorption.] 

1.  Respiration  by  the  skin  has  been  referred  to  (§  131).  The  organs  concerned  are  the  tubes 
of  the  sweat-glands,  moistened  as  they  are  with  fluids,  and  surrounded  by  a  rich  network  of 
capillaries.  It  is  uncertain  whether  or  not  the  skin  gives  off  a  small  amount  of  N  or  ammonia. 
Riihrig  made  experiments  upon  an  arm  placed  in  an  air-tight  metal  box.  According  to  him 
the  amount  of  COg  and  HoO  excreted  is  subject  to  certain  daily  variations  ;  it  is  increased  by 
digestion,  increaseil  temperature  of  the  surroundings,  the  application  of  cutaneous  stimuli,  and 
by  impeding  the  pulmonary  respiration.  The  exchange  of  gases  also  depends  upon  the  vascu- 
larity of  certain  parts  of  the  skin,  while  the  cutaneous  absorption  of  0  also  depends  upon  the 
number  of  coloured  corpuscles  in  the  blood. 

In  frogs  and  other  amphibians,  with  a  thin,  always  moist  epidermis,  the  cutaneous  respir- 
ation is  more  considerable  than  in  warm-blooded  animals.  In  winter,  in  frogs,  the  skin  alone 
yields  f  of  the  total  amount  of  CO^  excreted  ;  in  summei-,  -j  of  the  same  {Bidder)  ;  thus,  in 
these  animals  it  ig  a  more  important  respiratory  organ  than  the  lungs  themselves. 

Suppression  of  the  cutaneoxis  activity  by  varnishing  or  dipping  the  skin  in  oil,  causes  death 
by  asphyxia  (frogs)  sooner  than  ligature  of  the  lungs.    Varnishing  the  Skin.— When  the  skin 
of  a  warm-blooded  animal  is  covered  with  an  impermeable  varnish  [such  as  gelatin]  {Fourcaidt, 
Bccqucrcl,  Brcclic.l),  death  occurs  after  a  time,  probably  owing  to  the  loss  of  too  much  heat. 
The  formation  of  crystalline  ammonio-magnesic  phosphate  in  the  cutaneous  tissue  of  such 
animals  {Ed.cnlmizen)  is  not  sufficient  to  account  for  death,  nor  arc  congestion  of  internal 
organs  and  serous  effusions  satisfactory  explanations.    The  retention  of  the  volatile  substances 
(acids)  present  in  the  sweat  is  not  sufficient.    Strong  animals  live  longer  than  feeble  ones  ; 
horses  die  after  several  days  {Gcrlach)  ;  they  shiver  and  lose  flesh.    The  larger  the  cutaneous 
surface  left  unvarnished,  the  later  does  death  take  place.    Rabbits  die  when  §  of  their  surface 
is  varnished.    When  the  entire  surface  of  the  animal  is  varnished,  the  temperature  rapidly 
falls  (to  19"),  the  pulse  and  respirations  vary;  usually  they  fall  when  the  varnishing  process  is 
limited  ;  increased  frequency  of  respiration  has  been  observed  (§  225).    Pigs,  dogs,  horses,  when 
one-half  of  the  body  is  varnished,  exhibit  only  a  temporary  fall  of  the  temperature,  and  show 
signs  of  weakness,  but  do  not  die  {Ellenhergcr  and  Hofmeister).    [In  extensive  burns  of  the 
skin,  not  only  is  there  disintegration  of  the  coloured  blood-corpuscles  (r.  Lesser),  but  in  some 
cases  ulcers  occur  in  the  duodenum.    The  cause  of  the  ulceration,  however,  has  not  been  ascer- 
tained satisfactorily  (Curling).] 

2.  Sebaceous  Secretion.— The  fatty  matter  as  it  is  excreted  from  the  acini  of 
the  sebaceous  glands  is  fluid,  but  even  within  the  excretory  duct  of  the  gland  it 
stagnates  and  forms  a  white  fat-like  mass,  which  may  sometimes  be  expressed  (at 
the  side  of  the  nose)  as  a  worm-like  white  body,  the  so-called  comedo.  The 
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sebaceous  matter  keeps  the  skin  supple,  and  prevents  the  hair  from  becoming  too 
dry.  Microscopically,  the  secretion  is  seen  to  contain  innumerable  fatty  granules, 
a  few  gland-cells  filled  with  fat,  visible  after  the  addition  of  caustic  soda,  crystals 
of  cholesterin,  and  in  some  men  a  microscopic  mite-like  animal  (Demodex  foUi- 
culorum). 

Chemical  Composition. —The  coustitiients  are  for  the  most  part  fatty;  chieRy  old  u  (fluid) 
and  palmitiii  (solid)  fat,  .soaps,  and  some  cholesterin  ;  a  small  amount  of  albumin  and  unknown 
extractives.  Amongst  the  inorganic  constituents,  the  insoluble  earthy  phosphates  are  most 
abundant ;  while  the  alkaline  chlorides  and  phosphates  are  less  abundant. 

The  vernix  caseosa,  which  covers  the  skin  of  a  new-born  child,  is  a  greasy  mixture  of  seba- 
ceous matter  and  macerated  epidermal  cells  (containing  47-5  per  cent.  fat).  A  similar  product 
is  the  smegma  prsoputialis  (52-8  per  cent,  fat),  in  which  an  ammonia  soap  is  present. 

The  cerumen  or  ear-wax  is  a  mixture  of  the  secretions  of  the  ceruminous  glands  of  tlie  ear 
{similar  in  structure  to  the  sweat-glands)  and  the  sebaceous  glands  of  the  auditory  canal.  Besides 
tlie  constituents  of  sebum,  it  contains  yellow  or  brownish  particles,  a  bitter  yellow  extractive 
substance  derived  from  the  ceruminous  glands,  potash  soaps,  and  a  special  fat.  The  secretion 
of  the  Meibomian  glands  is  sebum. 

[Lanoline. — Liebreich  finds  in  feathers,  hairs,  wool,  and  keratin-tissues  generally,  a  choles- 
terin fat,  which  however  is  not  a  true  fat,  although  it  saponifies,  but  an  ethereal  compound  of 
certain  fatty  acids  with  cholesterin.  In  commerce  it  is  obtained  from  wool,  and  is  known  by 
the  above  name;  it  forms  an  admirable  basis  for  ointments,  and  it  is  very  readily  absorbed  by 
the  skin.]  Tlius,  the  fat-like  substance  for  protecting  the  epidermis  is  partly  formed  along 
with  keratin  in  the  epidermis  itself. 

3.  The  Sweat. — The  sweat  is  secreted  in  the  coil  of  the  sweat-glands.  As  long 
as  the  secretion  is  small  in  amount,  the  water  secreted  is  evaporated  at  once  from 
the  skin  along  with  the  volatile  constituents  of  sweat ;  as  soon,  however,  as  the 
secretion  is  increased,  or  evaporation  is  prevented,  drops  of  sweat  appear  on  the 
surface  of  the  skin.  The  former  is  called  insensible  perspiration,  and  the  latter 
sensible  perspiration.  [Broadly,  the  quantity  is  about  2  lbs.  in  twenty-four 
hours.] 

The  sensible  perspiration  varies  greatly ;  as  a  rule,  the  right  side  of  the  body  perspires  more 
freely  than  the  left.  The  palms  of  the  hands  secrete  most,  then  follow  the  soles  of  the  feet, 
cheek,  breast,  upper  arm,  and  fore-arm  {Peiper).  It  falls  from  morning  to  mid-da}',  and  rises 
again  towards  evening,  reaching  its  maximum  before  midnight.  Much  moisture  and  cold  in 
the  surrounding  atmosphere  diminish  it,  and  so  does  diuresis.  In  children,  the  insensible  per- 
spiration is  relatively  great.    The  drinking  of  water  favours  it,  alcohol  diminishes  it  {H.  Schmid). 

Method. — Sweat  is  obtained  from  a  man  by  placing  him  in  a  metallic  ve.ssel  in  a  warm  bath; 
the  sweat  is  rapidly  secreted  and  collected  in  the  vessel.  In  this  way  Favre  collected  2560 
grammes  of  sweat  in  1^  hour.  An  arm  may  be  inclosed  in  a  cylindrical  vessel,  which  is  fixed 
air-tight  round  the  arm  with  an  elastic  bandage  {Schottin). 

Amongst  animals,  the  horse  sweats,  so  does  the  ox,  but  to  a  less  extent ;  the  vola  and  planta 
•of  apes,  cats,  and  the  hedgehog  secrete  sweat  ;  the  snout  of  the  pig  sweats  (?),  while  the  goat, 
rabbit,  rat,  mouse,  and  dog  are  said  not  to  sweat  {Lxi,chsingcr).  [The  skin  over  the  body  and 
the  pad  on  the  dog's  foot  contain  numerous  sweat-glands,  which  open  free  on  the  surface  of  the 
pad  and  into  the  hair-follicles  on  the  general  surface  of  the  skin  ( W.  Stirling).'] 

Microscopically. — The  sweat  contains  only  a  few  epidermal  scales  accidentally  mixed  with  it, 
and  fine  fatty  granules  from  the  sebaceous  glands. 

Chemical  Composition. — Its  reaction  is  alkaline,  although  it  frequently  is  acid, 
owing  to  the  admixture  of  fatty  acids  from  decomposed  sebum.  During  profuse 
secretion  it  becomes  neutral,  and  lastly  alkaline  again  {Triimpy  and  Liicltsincjer). 
The  sweat  is  colourless,  slightly  turbid,  of  a  saltish  taste,  and  has  a  characteristic 
•odour  varying  in  different  parts  of  the  body  ;  the  odour  is  due  to  the  presence  of 
volatile  fatty  acids.  The  constituents  are  water,  which  is  increased  by  copious 
draughts  of  that  fluid,  and  solids,  which  amount  to  1  -180  per  cent.  (0-70  to  2-66  per 
.cent. — Fxmke),  and  of  these  0-96  per  cent,  is  organic  and  0-33  inorganic.  Amongst 
the  organic  constituents  are  neutral  fats  (palmitin,  stearin),  also  present  in  the 
sweat  of  the  palm  of  the  hand,  which  contains  no  sebaceous  glands,  cholesterin, 
volatile  fatty  acids  (chiefly  formic,  acetic,  butyric,  propionic,  caproic,  capric  acids), 
varying  qualitatively  and  quantitatively  in  different  parts  of  the  body. — These 
•acids  are  most  abundant  in  the  sweat  first  (acid)  secreted.    There  are  also  traces 
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of  <ilbicmin  (similar  to  casein)  and  urea,  about  O'l  per  cent.  In  urfemic  conditions 
(anuria  in  cholera)  urea  has  been  found  crystallised  on  the  skin.  When  the 
secretion  of  sweat  is  greatly  increased,  the  amount  of  urea  in  the  urine  is  diminished, 
both  in  health  and  in  uriemia  {Leuhe).  The  nature  of  the  reddish-yellow  pigment, 
which  is  extracted  from  the  residue  of  sweat  by  alcohol,  and  coloured  green  by 
oxalic  acid,  is  unknown.  Amongst  inorganic  constituents,  those  that  are  easily 
soluble  are  more  abundant  than  those  that  are  soluble  with  difficulty,  in  the  pro- 
portion of  17  to  1  ;  sodium  chloride,  0-2;  potassium  chloride,  0-2  ;  sulphates,  O'Ol 
per  1000,  together  with  traces  of  earthy  phosphates  and  sodium  phosphate.  Sweat 
contains  CO.,  in  a  state  of  absorption  and  some  N.  When  decomposed  with  free 
access  of  air,  it  yields  ammonia  salts  {Gorujy-Besanez). 

Excretion  of  Substances. —Some  substances  when  introduced  into  the  body  reappear  in  the 
sweat— benzoic,  cinnaniic,  tartaric,  and  succinic  acids  are  readily  excreted  ;  (juinine  and  potassic 
iodide  with  more  difficulty.  Mercuric  chloride,  arsenious  and  arsenic  acids,  sodium  and 
potassium  arseniate  liave  also  been  found.  After  taking  arseniate  of  iron,  arsenious  acid  has 
been  found  in  the  sweat,  and  iron  in  the  urine.  j\Iercury  iodide  reappears  as  a  chloride  in  the 
sweat,  while  the  iodine  occurs  in  the  saliva. 

Formation  of  Pigments. — The  leucocytes  furnish  the  material,  and  the  pigment 
is  deposited  in  granules  in  the  deeper  layers,  and,  to  a  less  extent,  in  the  upper 
layers,  of  the  rete  Malpighii.  This  occurs  in  the  folds  around  the  anus,  scrotum, 
nipple,  [especially  during  pregnancy],  and  everywhere  in  the  coloured  races.  There 
is  a  diffuse,  whitish-yellow  pigment  in  the  stratum  corneum,  which  becomes  darker 
in  old  age.  The  pigmentation  depends  on  chemical  processes,  reduction  taking 
place,  and  these  processes  are  aided  by  light.  Granular  pigment  lies  also  in  the 
layers  of  prickle  cells.  The  dark  coloration  of  the  skin  may  be  arrested  by  free  O 
[hydric  peroxide],  while  the  corneous  change  is  prevented  at  the  same  time 
\Unna). 

Pathological. — To  this  belongs  the  formation  of  liver  spots  or  cholasma,  freckles,  and  the 
pigmentation  of  Addison's  disease,  [jiigmentation  round  old  ulcers,  &c.]  (§  103,  IV.).  [The 
curious  cases  of  pigmentation,  especially  in  neurotic  women,  e.g.,  in  the  eyelids,  deserve  further 
study  in  relation  to  the  part  played  by  the  nervous  system  in  this  process.] 

287.  INFLUENCE  OF  NERVES  ON  THE  SECRETION  OF  SWEAT.— 

The  secretion  of  the  skin,  which  averages  about  ~-j  of  the  body-weight,  i.e.,  about 
double  the  amount  of  water  excreted  by  the  lungs,  may  be  increased  or  diminished. 
The  liability  to  perspire  varies  much  in  different  individuals.    The  following  con- 
ditions influence  the  secretion — 1.  Increased  temperature  of  the  surroundings 
causes  the  skin  to  become  red,  while  there  is  a  profuse  secretion  of  sweat  (§  214, 
II.,  1).    Cold,  as  well  as  a  temperature  of  the  skin  about  50°  C,  arrests  the  secretion. 
2.  A  very  watery  condition  of  the  blood,  e.g.,  after  copious  drauglits  of  warm 
water,  increases  the  secretion.    Increased  cardiac  and  vascular  activity,  whereby 
the  blood-pressure  within  the  cutaneous  capillaries  is  increased,  have  a  similar  efifect ; 
increased  sweating  follows  increased  muscular  activity.    3.  Certain  drugs  favour 
sweating,  e.g.,  pilocarpin,  Calabar  bean,  strychnin,  picrotoxin,  muscarin,  nicotin, 
camphor,  ammonia  compounds;  while  others,  as  atropin  and  morphia,  in  large  doses, 
diminish  or  paralyse  the  secretion.    [Drugs  which  excite  copious  perspiration,  so 
that  it  stands  as  beads  of  sweat  on  the  skin,  are  called  sudorifics,  while  those  that 
excite  the  secretion  gently  are  diaphoretics,  the  difference  being  one  of  degree. 
Those  drugs  which  lessen  the  secretion  are  called  antihydrotics.]    4.  It  is  import- 
ant to  notice  the  antagonism  which  exists,  probably  upon  mechanical  grounds, 
between  the  secretion  of  sweat,  the  urinary  secretion,  and  the  evacuation  of  the 
intestine.    Thus  copious  secretion  of  urine  {e.g.,  in  diabetes)  and  watery  stools 
coincide  with  dryness  of  the  skin.    If  the  secretion  of  sweat  be  increased,  the 
percentage  of  salts,  urea,  and  albumin  is  also  increased,  whilst  the  other  organic 
substances  are  diminished.    The  more  saturated  the  air  is  with  watery  vapour,  the 
sooner  does  the  secretion  appear  in  drops  upon  the  skin,  while  in  dry  air  or  air  in 
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motion,  owing  to  the  rapid  evaporation,  tlie  formation  of  drops  of  sweat  is  prevented, 
or  at  least  retarded.  [The  complementary  relation  between  the  skin  and  kidneys 
IS  well  known.  In  summer,  when  the  skin  is  active,  the  kidneys  separate  less 
water  ;  in  winter,  when  the  skin  is  less  active,  it  is  cold  and  comparatively 
bloodless,  while  the  kidneys  excrete  more  water,  so  that  the  action  of  these  two 
organs  is  in  inverse  ratio.] 

The  influence  of  nerves  upon  the  secretion  of  sweat  is  very  marked. 

I.  Just  as  in  the  secretion  of  saliva  (§  145),  vaso  motor  nerves  are  usually  in 
action  at  the  same  time  as  the  proper  secretory  nerves  ;  the  vaso-dilator  nerves 
(sweating  with  a  red  congested  skin)  are  most  frequently  involved.  The  fact  that 
secretion  of  sweat  does  occasionally  take  place  when  the  skin  is  pale  (fear,  death- 
agony)  shows  that,  when  the  vaso-motor  nerves  are  excited,  so  as  to  constrict  the 
cutaneous  blood-vessels,  the  sweat-secretory  nerve-fibres  may  also  be  active. 

Under  certain  circumstances,  the  amount  of  blood  in  the  skin  seems  to  determine  the 
occurrence  of  sweating  ;  thus,  Dupuy  fouml  that  section  of  tlie  cervical  sympathetic  caused 
secretion  on  that  side  of  the  neck  of  a  horse  ;  wliile  Nitzehiadcl  found  that  percutaneous 
electrical  stimulation  of  the  cervical  sympathetic  in  man,  limited  the  sweating. 

[Wc  may  draw  a  parallel  between  the  secretion  of  saliva  and  that  of  sweat.  "  Both  are  formed 
in  glands  derived  from  the  outer  layer  of  the  embryo.  Both  secretions  are  formed  from  lymph 
supplied  by  the  blood-stream,  and  if  tlie  lymph  be  in  sufficient  quantity,  secietion  may  take 
place  -when  there  is  no  circulation,  although  in  both  cases  secretion  is  most  lively  when  the 
circulation  is  most  active  and  the  secretory  nerves  of  both  are  excited  simultaneously  ;  both 
glands  have  secretory  nerves  distinct  from  the  nerves  of  the  blood-vessels;  both  glands  may  be 
paralysed  by  the  action  of  the  nervous  system,  or  in  disease  (fever),  or  conversely,  both  are 
l)aralysed  by  atropine  and  excited  by  other  drugs,  e.g.,  pilocarpin.  In  the  gland  cells  of  both, 
histological  changes  accompany  the  secretory  act,  and  no  doubt  similar  electromotor  pheno- 
mena occur  in  both  glands.] 

II.  Secretory  nerves,  altogether  independent  of  the  circulation,  control  the 
secretion  of  sweat.  Stimulation  of  these  nerves,  even  in  a  limb  which  has  been 
amputated  in  a  kitten,  causes  a  temporary  secretion  of  sweat,  i.e.,  after  complete 
arrest  of  the  circulation  {Goltz,  Kendall  and  Luchsinger,  Ostroumoxv).  In  the  intact 
condition  of  the  body,  however,  profuse  perspiration,  at  all  events,  is  always 
associated  with  simultaneous  dilatation  of  the  blood-vessels  (just  as,  in  stimulation 
of  the  facial  nerve,  an  increased  secretion  of  saliva  is  associated  with  an  increased 
blood-stream — §  145,  A,  I.).  The  secretory  nerves  and  those  for  the  blood-vessels 
seem  to  lie  in  the  same  nerve-trunks. 

The  secretory  nerves  for  the  hind  limbs  (cat)  lie  in  the  sciatic  nerve.  Luch- 
singer found  that  stimulation  of  the  peripheral  end  of  this  nerve  caused  renewed 
secretion  of  sweat  for  a  period  of  half  an  hour,  provided  the  foot  was  always  wiped 
to  remove  the  sweat  already  formed.  If  a  kitten,  whose  sciatic  nerve  is  divided  on 
one  side,  be  placed  in  a  chamber  filled  with  heated  air,  all  the  three  intact  limbs 
soon  begin  to  sweat,  but  tha  limb  whose  nerve  is  divided  does  not,  nor  does  it  do 
so  when  the  veins  of  the  limb  are  ligatured  so  as  to  produce  congestion  of  its 
blood-vessels.  [The  cat  sweats  only  on  the  hairless  soles  of  the  feet.]  As  to  the 
course  of  the  secretory  fibres  to  the  sciatic  nerve,  some  pass  directly  from  the 
spinal  cord  {Vulpian),  some  pass  into  the  abdominal  sympathetic  {Luchsinger, 
NaivrocJd,  Ostnmmoxv),  through  the  rami  communicantes  and  the  anterior  spinal 
roots  from  the  upper  lumbar  and  lower  dorsal  spinal  cord  (9th  to  13th  dorsal 
vertebrae — cat),  where  the  sweat-centre  for  the  lower  limbs  is  situated. 

The  sweat-centre  maybe  excited  directly: — (1)  By  a  highly  venous  condition 
of  the  blood,  as  during  dyspnoea,  e.g.,  the  secretion  of  sweat  that  sometimes  pre- 
cedes death  ;  (2)  by  overheated  blood  (45°  C.)  streaming  through  the  centre ;  (3) 
by  certain  poisons  (see  p.  446).  The  centre  may  be  also  excited  reflexly,  althougli 
the  results  are  variable,  e.g.,  stimulation  of  the  crural  and  peroneal  nerves,  as  well 
as  the  central  end  of  the  opposite  sciatic  nerve,  excites  it.  [The  pungency  of 
mustard  in  the  mouth  may  excite  free  perspiration  on  the  face.] 
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Anterior  Extremity. — The  secretory  fibres  lie  in  the  ulnar  and  median  nerves, 
for  the  fore-liuibs  of  the  cat ;  most  of  them,  or  indeed  all  of  them  {Xaivrocki),  pass 
into  the  thoracic  sympathetic  (Ggl.  stellatum),  and  part  (?)  run  in  the  nerve-roots 
direct  from  the  spinal  cord  {LucMnrjer,  Vulpian,  Ott).  A  similar  sweat-centre 
for  the  upper  limbs  lies  in  the  lower  part  of  the  cervical  spinal  cord.  Stimulation 
of  the  central  ends  of  tlie  brachial  plexQs  causes  a  reflex  secretion  of  sweat  upon 
the  foot  of  the  other  side  {Adcmikkwicz).  At  the  same  time  the  hind  feet  also 
perspire. 

Pathological. —Degeneration  of  the  motor  ganglia  of  the  anterior  horns  of  the  spinal  cord 
causes  loss  of  the  secretion  of  sweat,  in  addition  to  paralysis  of  the  voluntary  muscles  of  the 
trunk.  The  perspiration  is  increased  in  paralysed  as  well  as  in  cedematous  limbs.  In  nephritis, 
there  are  great  variations  in  the  amount  of  water  given  off  by  the  skin. 

Head. — The  secretory  fibres  for  this  part  (horse,  man,  snout  of  pig)  lie  in  the 
thoracic  sympathetic,  pass  into  the  ganglion  stellatum,  and  ascend  in  the  cervical 
sympathetic.  Percutaneous  electrical  stimulation  of  the  cervical  .sympathetic  in 
man,  causes  sweating  of  that  side  of  the  face  and  of  the  arm  {M.  Meyer).  In  the 
cephalic  portion  of  the  sympathetic,  some  of  the  fibres  pass  into,  or  become  applied 
to,  the  branches  of  the  trigeminus,  which  explains  why  stimulation  of  the  infra- 
orbital nerve  causes  secretion  of  sweat.  Some  fibres,  however,  arise  directly  from 
the  roots  of  the  trigeminus  (LucJisinger),  and  the  facial  (Vtdjnan,  Adamkiewicz). 
Undoubtedly  the  cerebrum  has  a  direct  effect  either  upon  the  vaso-motor  nerves 
(p.  4i7,  I.)  or  upon  the  sweat-secretory  fibres  (11.),  as  in  the  sweating  produced  by 
psychical  excitement  (pain,  fear,  Ac). 

Adamkiewicz  and  Senator  found  that,  in  a  man  sufl'ering  from  abscess  of  the  motor  region  of 
the  cortex  cerebri  for  the  arm,  there  were  spasms  and  perspiration  in  the  arm, 

Sweat-Centre. — According  to  Adamkiewicz,  the  medulla  oblongata  contains  the 
dominating  sweat-centre  (§  373).  When  this  centre  is  stimulated  in  a  cat,  all 
the  four  feet  sweat,  even  three-quarters  of  an  hour  after  death  (Adamkiewicz). 

III.  The  nerve-fibres  which  terminate  in  the  5wioo</i  niuscidar  fibres  of  the  siveat- 
'jlands  act  upon  the  excretion  of  the  secretion. 

[Changes  in  the  Cells  during  Secretion.  — In  the  resting  glands  of  the  horse,  the  cylindrical 

cells  are  clear  with  the  nu(dcus  near  their  attached  ends,  but  after  free  perspiration  they  become 
granular,  and  their  nucleus  is  more  central  {llcnaut).'\ 

If  the  sweat-nerves  be  divided  (cat),  injection  of  pilocarpin  causes  a  secretion  of  sweat,  even 
at  the  end  of  three  days.  After  a  longer  period  than  six  days,  there  may  be  no  secretion  at  all. 
This  observation  coincides  with  the  phenomenon  of  dryness  of  the  skin  in  paralysed  limbs. 
Dieffenbach  found  that  transplanted  portions  of  skin  first  began  to  sweat  when  their  sensibility 
was  restored.  If  a  motor  nerve  (tibial,  median,  facial)  of  a  man  be  stimulated,  sweat  appears 
on  the  skin  over  the  muscular  area  supplied  by  the  nerve,  and  also  upon  the  corresponding  area 
of  the  opposite  non-stimulated  side  of  the  body.  This  result  occurs  when  the  circulation  is 
arrested  as  well  as  when  it  is  active.  Sensory  and  thermal  stimulation  of  the  skin  always  cause 
a  bilateral  reflex  secretion  independently  of  the  circulation.  The  area  of  sweating  is  inde- 
pendent of  the  part  of  the  skin  stimulated. 

288.  PATHOLOGICAL  VARIATIONS.— 1.  Anidrosis  or  diminution  of  the  secretion  of 
sweat  occurs  in  diabetes  and  the  cancerous  cachexia,  and  along  with  other  disturbances  of 
nutrition  of  the  skin  in  some  nervous  diseases,  e.g.,  in  dementia  paralytica  ;  in  some  limited 
regions  of  the  skin,  it  has  occurred  in  certain  tropho-neuroses,  e.g.,  in  unilateral  atrophy  of  the 
face  and  in  paralysed  parts.  In  many  of  these  cases  it  depends  upon  paralysis  of  the  corre- 
sponding nerves  or  their  mvcat-centres. 

2.  Hyperidrosis,  or  increase  of  the  secretion  of  sweat,  occurs  in  easily  excitable  persons,  in 
consequence  of  the  irritation  of  the  nerves  concerned  (§  288),  e.g.,  the  sweating  which  occurs  in 
debilitated  conditions  and  in  the  hysterical  (sometimes  on  the  head  and  hands),  and  the  so- 
called  epileptoid  sweats  {Eidcnhurg).  Sometimes  the  increase  is  confined  to  one  side  of  the  head 
(H.  unilateralis).  This  condition  is  often  accompanied  with  other  nervous  phenomena,  partly 
with  the  symptoms  of  paralysis  of  the  cervical  sympathetic  (redness  of  the  face,  narrow  pupil), 
partly  with  symptoms  of  stimulation  of  the  sympathetic  (dilated  pitpil,  exophthalmos).  It  may 
occur  without  these  phenomena,  and  is  due  perhaps  to  stimulation  of  the  proper  secretory  fibres 
alone.  [Increased  sweating  is  very  marked  in  certain  fevers,  both  during  their  course  and  at 
the  crisis  in  some  ;  while  the  sweat  is  not  only  copious  but  acid  in  acute  rheumatism.  The 
"  night-sweats  "  of  phthisis  are  very  marked  and  disagreeable.] 
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3.  Pandrosis  or  qualitative  changes  in  the  secretion  of  sweat,  e.g.,  the  rare  case  oi  "  sivcatimj 
of  blood  "  (haBiuatohidrosis),  is  soniutimes  unilateral.  According  to  Hebra,  in  some  cases  this 
condition  represents  a  vicarious  form  of  menstruation.  It  is,  however,  usually  one  of  many 
phenomena  of  nervous  affections.  Bloody  sweat  sometimes  occurs  in  yellow  fever.  Bilc- 
pigments  have  been  found  in  the  sweat  in  jaundice;  blue  sweat  from  indigo  {Bizio),  from 
pyocyanin  (the  rare  blue  colouring-matter  of  pus),  or  from  ]«hospbate  of  the  oxide  of  iron  {Osc. 
Kollmann)  is  extremely  rare.  Such  coloured  sweats  are  called  chroinidrosis.  Numerous  micro- 
organisms (which,  however,  are  innocuous)  live  between  the  epidermal  scales  and  on  the  hairs, 
two  varieties  of  Saccharomycctes  ;  in  cutaneous  folds  I.eptothrix  epidcrmalis,  various  Schizo- 
mycetes,  and  live  kinds  of  Micrococci ;  and  between  the  toes— Bacterium  gravcoleus  {Bordoni- 
L'prcduzzi),  which  causes  tlie  odour  of  the  sweat  of  the  feet.  ]\Iicro-organisms  are  also  the 
cause  of  yellow,  blue,  and  red  sweat ;  the  last  is  due  to  Micrococcus  hiematodes. 

Grape-sugar  occurs  in  the  sweat  in  diabetes  mellitus  ;  uric  acid  and  cystin  verv  rarely  ;  and 
m  the  sweat  of  stinking  feet,  leucin,  tyrosin,  valerianic  acid,  and  ammonia.  Stinking  sweat 
(bromidrosis)  is  due  to  the  decomposition  of  the  sweat,  from  the  presence  of  a  special  micro- 
organism (Bacterium  fffitidum— r/ii/t).  In  the  sweating  stage  of  ague  butyrate  of  lime  has  been 
found,  while  in  the  sticky  sweat  of  acute  articular  rheumatism  there  is  more  albumin  {Anselmino), 
and  the  same  is  the  case  in  artificial  sweating  {Leube) ;  lactic  acid  is  present  in  the  sweat  in 
puerperal  fever. 

The  sebaceous  secretion  is  sometimes  increased,  constituting  seborrhoea,  which  may  be  local 
or  general.  It  may  be  diminished  (Asteatosis  cutis).  The  sebaceous  glands  degenerate  in  old 
people,  and  hence  the  glancing  of  the  skin  {Rtmy).  If  the  ducts  of  the  glands  are  occluded  the 
sebum  accumulates.  Sometimes  the  duct  is  occluded  by  black  particles  or  ultramarine  {Unna) 
from  the  blue  used  in  colouring  the  linen.  "When  pressed  out,  the  fatty  worm-shaped  secretion 
is  called  "  comedo." 

289.  CUTANEOUS  ABSOKPTION— GALVANIC  CONDUCTION.— After  long  immersion  in 
water  the  superficial  layers  of  the  epidermis  become  moist  and  swell  up.  The  skin  is  unable  to 
absorb  any  substances,  either  salts  or  vegetable  poisons,  from  watery  solutions  of  these.  This 
is  due  to  the  fat  normally  present  on  the  epidermis  and  in  the  pores  of  the  skin.  If  the  fat  be 
removed  from  the  skin  by  alcohol,  ether,  or  chloroform,  absorption  may  occur  in  a  few  minutes 
{I'arisot).  According  to  Ruhrig,  all  volatile  substances,  e.g.,  carbolic  acid  and  others,  w'hich 
act  upon  and  corrode  the  epidermis,  are  capable  of  absorption.  While  according  to  Juhl,  such 
watery  solutions  as  impinge  on  the  skin,  in  a  finely  divided  spray,  are  also  capable  of  absorption, 
which  very  probably  takes  place  through  the  interstices  of  the  epidermis. 

[Inunction. — AVhen  ointments  are  rubbed  into  the  skin  so  as  to  press  the  substance  into  the 
pores,  absorption  occurs,  e.g.,  potassium  iodide  in  an  ointment  so  rubbed  in  is  absorbed,  so  is 
mercurial  ointment.  V.  Voit  found  globules  of  mercury  between  the  layers  of  the  epidermis, 
and  even  in  the  chorium  of  a  person  who  was  executed,  into  whose  skin  mercurial  ointment  had 
been  previously  rubbed.  The  mercury  globules,  in  cases  of  mercurial  inunction,  pass  into  the 
hair-follicles  and  ducts  of  the  glands,  where  they  are  affected  by  the  secretion  of  the  glands  and 
transformed  into  a  compound  capable  of  absorption.  An  abraded  or  inflamed  surface  {e.g.,  after 
a  blister),  where  the  epidermis  is  removed,  absorbs  very  rapidly,  just  like  the  surface  of  a  wound 
(Endermic  method).] 

[Drugs  may  be  applied  locally  where  the  e2)idermis  is  intact — epidermic  method — as  when 
drugs  which  affect  the  sensory  nerves  of  a  part  are  painted  over  a  painful  area  to  diminish  the 
pain.  Another  method,  the  hypodermic,  now  largely  used,  is  that  of  injecting,  by  means  of  a 
hypodermic  syringe,  a  non-corrosive,  non-irritant  ilrug,  in  solution,  into  the  subcutaneous 
tissue,  where  it  practically  passes  into  the  lymph  spaces  and  comes  into  direct  relation  with 
the  lymph-  and  blood-stream  ;  absorption  takes  place  with  great  rapidity,  even  more  so  than 
from  the  stomach.] 

Gases.  — Under  normal  conditions,  minute  traces  of  0  are  absorbed  from  the  air ;  hydrocyanic 
acid,  sulphuretted  hydrogen— CO,  00.,,  the  vapour  of  chloroform  and  ether  may  be  absorbed 
{Chatmier,  Gerlach,  Bohrig).  In  a  bath  containing  suli)huretted  hydrogen,  this  gas  is  absorbed, 
while  CO.,  is  given  off  into  the  water  (Bohrig). 

Absorption  of  watery  solutions  takes  place  rapidly  through  the  skin  of  the  frog  {Guttmann, 
W.  Stirling,  v.  Wittich).  Even  after  the  circulation  is  excluded  and  the  central  nervous  system 
destroyed,  much  water  is  absorbed  through  the  skin  of  the  frog,  but  not  to  such  an  extent  as 
when  the  circulation  is  intact  {Spina). 

Galvanic  Conduction  through  the  Skin.— If  the  two  electrodes  of  a  constant  current  be  im- 
pregnated with  a  watery  solution  of  certain  substances  and  applied  to  the  skin,  and  if  the 
direction  of  the  current  be  ciianged  from  time  to  time,  strychnin  may  be  caused  to  pass  through 
the  skin  of  a  rabbit  in  a  few  minutes,  and  that  in  sufficient  amount  to  kill  the  animal  {H.  Munk). 
In  man,  quinine  and  potassium  iodide  have  been  introduced  into  the  l)ody  in  this  way,  and 
their  presence  detected  in  the  urine.  This  process  is  called  the  cataphoric  action  of  the  con- 
stant current  (§  328). 

290   COMPARATIVE— HISTORICAL.— In  all  vertebrates,  the  skin  consists  of  chorium 

2  F 


450 


COilPAKATlYE — HISTORICAL. 


and  epidermis.  In  some  reptiles,  the  epidermis  becomes  horny,  and  forms  lai  ge  plates  or  scales. 
Similar  structures  occur  in  the  edentata  among  mammals.  The  epidermal  appendages  assume 
various  forms — such  as  hair,  nail,  spines,  bristles,  feathers,  claws,  hoof,  horns,  sjiurs,  &c.  The 
scales  of  some  fishes  are  partly  osseous  structures.  ]\Iany  glands  occur  in  the  skin  ;  in  some 
amphibia  they  secrete  mucus,  in  others  the  secretion  is  poisonous.  Snakes  and  tortoises  are 
tlevoid  of  cutaneous  glands;  in  lizards  the  "leg-glands"  extend  from  the  anus  to  the  bend  of 
the  knee.  In  the  crocodile,  the  glands  open  under  the  margins  of  the  cutaneo-osseous  scales. 
In  birds,  the  cutaneous  glands  are  absent;  the  "coccygeal  glands"  form  an  oily  secretion  for 
lubricating  the  feathers.  [This  is  denied  by  0.  Liebreich,  as  he  finds  no  cholesterin-fats  in 
their  secretion.]  The  civet  glands,  at  the  anus  of  the  civet  cat,  the  preputial  glands  of  the  musk 
deer,  the  glands  of  the  hare,  and  the  pedal  glands  of  ruminants,  are  really  greatly  developed 
sebaceous  glands.  In  some  invertebrata,  the  skin,  consisting  of  epidermis  and  choriura,  is 
intimately  united  with  the  subjacent  muscles,  forming  a  musculo-cutaneous  tube  for  the  body 
of  the  animal.  The  cephalo])oda  have  chromatophores  in  tiieir  skin,  i.e.,  round  or  irregular 
spaces  filled  with  coloured  granules.  Muscular  fibres  are  arranged  radially  around  these  spaces, 
so  that  when  these  muscles  contract  the  coloured  surface  is  increased.  The  change  of  colour  in 
these  animals  is  due  to  the  play  or  contraction  of  these  muscles  {Briickc).  Special  glands  are 
concerned  in  the  production  of  the  shell  of  the  snail.  The  anniilosa  are  covered  with  a  chitin- 
ous  investment,  which  is  continued  for  a  certain  distance  along  the  digestive  tract  and  the 
tracheie.  It  is  thrown  off  when  the  animal  sheds  its  covering.  It  not  only  protects  the  animal, 
but  it  forms  a  structure  for  the  attachment  of  muscles.  In  echinodermata,  the  cutaneous 
covering  contains  calcareous  masses ;  in  the  liolothurians,  the  calcareous  structures  assume  the 
form  of  calcareous  spicules. 

Historical. — Hippocrates  (bom  460  B.C.)  and  Theophrastus  (born  371  I3.c.)  distinguished  the 
perspiration  from  the  sweat ;  and,  according  to  the  latter,  the  secretion  of  sweat  stands  in  a 
certain  antagonistic  relation  to  the  iirinary  secretion  and  to  the  water  in  tlie  fieces.  According 
to  Cassius  Felix  (97  a.d.),  apei'son  placed  in  a  bath  absorbs  water  through  the  skin  ;  Sanctorius 
(1614)  measured  the  amount  of  sweat  given  off ;  Alberti  (1581)  was  acquainted  with  the  hair- 
bulb;  Donatus  (1588)  described  hair  becoming  grey  suddenly;  Riolan  (1626)  showed  that  the 
colour  of  the  skin  of  the  negro  was  due  to  the  epidermis. 
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291.  [CILIARY  MOTION— PIGMENT  CELLS].— [(«)  Muscular  Move- 
ment.—  By  far  the  greatest  number  of  the  movements  occurring  in  our  bodies  is 
accomplished  through  the  agency  of  muscular  fibre,  which,  when  it  is  excited  by  a 
stimulus,  contracts,  i.e.,  it  forcibly  shortens,  and  thus  brings  its  two  ends  nearer 
together,  while  it  bulges  to  a  corresponding  extent  laterally.  In  muscle,  the  con- 
traction takes  place  in  a  definite  direction.] 

\{h)  Amoeboid  Movement. — Motion  is  also  exhibited  by  colourless  blood-cor- 
puscles, lymph-corpuscles,  leucocytes,  and  some  other  corpuscles.  In  these 
structures  we  have  examples  of  amoeboid  movement  (§  9),  which  is  movement  in 
an  indefinite  direction.] 

[(t)  Ciliary  Movement. — There  is  also  a  peculiar  form  of  movement,  known  as 
ciliary  movement.  There  is  a  gradual  transition  between  these  different  forms  of 
movement.  The  cilia  which  are  attached  to  the  ciliated  epithelium  are  the  motor 
agents  (fig.  300).] 

[Ciliated  epithelium — where  found.  — In  the  nasal  mucous  membrane,  except  the  olfactory 

region  ;  the  cavities  accessory  to  the  nose  ;  the  upper  half  of  the  pharynx,  Eustachian  tube, 

larynx,  trachea,  and  bronchi  ;  in  the  uterus, 

except  the  lower  half  of  the  cei-vix  ;  Fallopian 

tubes  ;  vasa  etferentia  to  the  lower  end  of  epi- 
didymis ;  ventricles  of  brain  (child)  ;  and  the 

central  canal  of  the  spinal  cord.] 

[The  cilia  are  flattened  blade-like  or  hair-like 

appenda<res  attached  to  the  free  end  of  the 

cells.    They  are  about  ^Jt^t  inch  in  length,  and 

are  apparently  lioniogeneous  and  structureless. 
They  are  planted  upon  a  clear  non-contractile 
disc  on  the  free  end  of  the  cell,  and  some  ol)- 
servers  state  that  they  pass  through  the  disc  to 
become  continuous  with  the  protoplasm  of  the 
cell,  or  with  the  plexus  of  fibrils  which  pervades 
the  protoplasm,  so  that  by  some  observers  they 
are  regarded  as  prolongations  of  the  intra-epi- 
thelial  plexus  of  fibrils.  They  are  specially  modified  parts  of  an  epithelial  cell,  and  are  con- 
tractile and  elastic.  They  are  colourless,  tolerably  strong,  not  coloured  by  staining  reagents, 
and  are  possessed  of  considerable  rigidity  and  flexibility.  They  are  always  connected  with  the 
protoplasm  of  cells,  and  are  never  outgrowths  of  the  solid  cell  membranes.  There  may  be  10 
to  20  cilia  distributed  uniformly  on  the  free  surface  of  a  cell  (fig.  300).] 

[In  the  large  ciliated  cells  in  the  intestine  of  some  molluscs  (mussel),  the  cilia  perforate  the 
clear  refractile  disc,  which  appears  to  consist  of  small  globules— basal  pieces— united  by  their 
ed^e,  so  that  a  cilium  seems  to  spring  from  each  of  these,  while  continued  downwards  into  the 
protoplasm  of  the  cell,  but  not  attached  to  the  nucleus,  there  is  a  single  varicose  fibril —rootlet, 
and  the  leash  of  these  fibrils  passes  through  the  substance  of  the  cell  and  may  unite  towards  its 
lower  tailed  extremity  {Eiujclmann).  ] 

[Ciliary  motion  may  be  studied  in  the  gill  of  a  mussel,  a  small  part  of  the  gill  being  teased 
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in  sea  router ;  or  the  hard  palate  of  a  frog,  newly  killed,  may  scraped  and  the  scraping^ 
amiued  in  5  p.c.  salt  solution.  On  analysing  the  movement,  all  the  cilia  will  be  obsen  ed  to 
execute  a  ref'ular,  periodic,  to  and  fro  rhythmical  movement  in  a  plane  usually  vertical  to  tue 
surface  of  the  cells,  the  direction  of  the  movement  being  parallel  to  the  long  axis  of  the  organ. 
The  appearance  presented  by  the  movements  of  the  cilia  is  sometimes  described  as  a  laslung 
movenient,  or  like  a  field  of  corn  moved  by  the  wind.  Each  vibration  of  a  ciluim  consists  ot  a 
rapid  forward  movement  or  ilexion,  the  tip  moving  more  than  the  base,  and  a  slower  backward 
movement,  the  ciliuni  again  straightening  itself.  The  forward  movement  is  about  twice  as  l  apid 
as  tlie  backward  movement.  The  amplitude  of  the  movement  varies  according  to  the  Ki"d  ot 
cell  and  other  conditions,  being  less  when  the  cells  are  about  to  die,  but  it  is  the  same  tor  all  the 
cilia  attached  to  one  cell,  and  is  seldom  move  than  20°  to  50".  There  is  a  certain  periodicity 
in  their  movement— in  the  frog  they  contract  about  12  times  per  second.  The  result  ot  the 
rapid  forward  movement  is  that  the  surrounding  fluid,  and  any  particles  it  may  contain,  are 
moved  in  the  direction  in  which  the  cilia  bend.  All  the  cilia  of  adjoining  cells  do  not  move  at 
once,  but  in  regular  succession,  the  movement  travelling  from  one  cell  to  the  other,  but  how 
this  co-ordination  is  brought  about  we  do  not  know.  At  least  it  is  quite  independent  of  the 
nervous  system,  as  ciliary  movement  goes  on,  in  isolated  cells,  and  in  man  it  has  been  observed 
in  the  trachea  two  days  after  death.  Conditions  for  Movement.— In  order  that  ciliary  move- 
ment may  go  on,  it  is  essential  that  (1)  the  cilia  be  connected  with  part  of  a  cell ;  (2)  moisture  ; 
(3)  oxygen  be  present ;  and  (4)  the  temperature  be  within  certain  limits.] 

[A  ciliated  epithelial  cell  is  a  good  example  of  the  physiological  division  of  labour.  It  is 
derived  from  a  cell  which  originally  held  motor,  automatic,  and  nutritive  functions  all  com- 
bined in  one  mass  of  protoplasm,  but  in  the  fully  developed  cell,  the  nutritive  and  regulative 
functions  are  confined  to  the  protoplasm,  while  the  cilia  alone  are  contractile.  If  the  cilia 
be  separated  from  the  cell,  they  no  longer  move.  If,  however,  a  cell  be  divided  so  that  part  of 
it  remains  attached  to  the  cilia,  the  latter  still  move.  The  nucleus  is  not  essential  for  this  act. 
It  would  seem,  therefore,  that  though  the  cilia  are  contractile,  the  motor  impulse  probably 
proceeds  from  the  cell.  Each  cell  can  regulate  its  own  nutrition,  for  during  life  they  resist  the 
entrance  of  certain  coloured  Huids.  ] 

[Effect  of  Reagents. — Gentle  heat  accelerates  the  number  and  intensity  of  the  movements, 
cold  retards  them.  A  temperature  of  45°  C.  causes  coagulation  of  their  proteids,  ma.kes  them 
permanently  rigid,  and  kills  them,  just  in  the  same  way  as  it  acts  on  muscle,  causing  heat- 
stiffening  (§  295,  1).  Weak  alkalies  may  cause  them  to  contract  after  their  movenient  is 
arrested  or  nearly  so  {Virchoio),  and  any  current  of  fluid  in  fact  may  do  so.  Lister  showed 
that  the  vapour  of  ether  and  chloroform  arrests  the  movements  as  long  as  the  narcosis  lasts, 
but  if  the  vapour  be  not  applied  for  too  long  a  time,  the  cilia  may  begin  to  move  again.  The 
prolonged  action  of  the  vapour  kills  them.  As  yet  we  do  not  know  any  specific  poison  for 
cilia — atropin,  veratrin,  and  curara  acting  like  other  substances  with  the  same  endosmotic 
equivalent  {Engelmanni.l 

[Functions  of  Cilia. — The  moving  cilia  propel  fluids  or  particles  along  the 
passages  which  they  line.    By  carrying  secretions  along  the  tubes  which  they  line 
towards  where  these  tubes  open  on  the  surface,  they  aid  in  excretion.    In  the  re- 
spiratory passages,  they  carry  outwards  along  the  bronchi  and  trachea,  the  mucus 
formed  by  the  mucous  glands  in  these  regions.    When  the  mucus  reaches  the 
larynx  it  is  either  swallowed  or  coughed  up.    That  the  cilia  carry  particles  upwards 
in  a  spiral  direction  in  the  trachea  has  been  proved  by  actual  laryngoscopic  investi- 
gation, and  also  by  excising  a  trachea  and  sprinkling  a  coloured  powder  on  its 
mucous  membrane,  when  the  coloured  particles  (Berlin  blue  or  charcoal)  are  slowly 
carried  towards  the  upper  end  of  the  trachea.    In  bronchitis  the  ciliated  epithelium 
is  shed,  and  hence  the  mucus  tends  to  accumulate  in  the  bronchi.    They  remove 
mucus  from  cavities  accessory  to  the  nose,  and  from  the  tympanum,  while  the  ova 
are  carried  partly  by  their  agency  from  the  ovary  along  the  Fallopian  tube  to  the 
uterus.    In  some  of  the  lower  animals  they  act  as  organs  of  locomotion,  and  in 
others  as  adjuvants  to  respiration,  by  creating  currents  of  water  in  the  region  of  the 
organs  of  respiration.] 

[The  Force  of  Ciliary  Movement.— Wyman  and  Bo wditch  found  that  the  amount  of  work 
that  can  be  done  by  cilia  is  very  considerable.  The  work  was  estimated  by  the  weight  which 
a  measured  surface  of  the  mucous  membrane  of  the  frog's  hard  palate  was  able  to  carry  up  an 
inclined  plane  of  a  definite  slope  in  a  given  time.] 

[Pigment-cells  belong  to  the  group  of  contractile  tissues,  and  are  well  developed  in  the  frog, 
and  many  other  animals  where  their  characters  have  been  carefully  studied.  They  are  generalTy 
regarded  as  comparable  to  branched  connective-tissue  corpuscles,  loaded  with  pigmented  granules 
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of  melanin.  Tlic  pigment-granules  may  be  diffusea  in  the  cell,  or  aggregated  around  the  nucleus  ; 
in  the  former  case,  the  skin  of  the  frog  appears  dark  in  colour,  in  the  latter,  it  is  but  slightly 
pigmented  (fig.  301).  The  question  has  been  raised  wliether  they  arc  actual  cells  or  merely 
spaces,  branched,  and  containing  a 
fluid  -with  gi-anules  in  suspension.  In 
any  case,  they  undergo  marked  changes 
of  shape  under  various  iuHuences.  If 
the  motor-nerve  to  one  leg  of  a  frog  be 
divided,  the  skin  of  the  leg  on  that 
side  becomes  gradually  darker  in  colour 
than  the  intact  leg.  A  similar  result 
is  seen  in  the  curara  experiment,  when 
all  parts  are  ligatured  except  the  nerve. 
Local  applications  att'ect  the  state  of 
diffusion  of  the  pigment,  as  v.  Wittich 
found  that  turpentine  or  electricity 
caused  the  cells  of  the  tree-frog  to  con- 
tract, and  the  same  effect  is  produced 
l)y  light.  In  Rana  teniporaria  local 
irritation  has  little  effect,  but  light,  on 

the  contrary,  has,  although  the  elfect  ^      — " 

of  light  seems  to  be  brought  about  Pigment-cells  from  the  web  of  frog's  foot ;  a,  cell  with 
through  the  eye,  probably  by  a  reflex  pigment-granules  diffused  ;  h,  granules  more  concen- 
mechanism  (Lister).  A  pale-coloured  trated;  c,  more  concentrated  still ;  d,  cells  with  guaniu- 
frog,  put  in  a  dark  place,  assumes,  after     granules  {Stirlina). 

a  time,  a  different  colour,  as  the  pigment  is  diffused  in  tlie  dark  ;  but  if  it  be  exposed  to  a 
bright  light  it  soon  becomes  pale  again.  The  same  phenomenon  may  be  seen  on  studying  the 
web  of  a  frog's  leg  under  the  microscope.  The  marked  variations  of  colour— within  a  certain 
range — in  the  chameleon  is  due  to  the  condition  of  the  pigment-cells  in  its  skin,  covered  as 
they  are  by  epidermis,  containing  a  thin  stratum  of  air  [Briicke).  When  it  is  poisoned  with 
strychnin,  its  whole  body  turns  pale  ;  if  it  be  ill,  its  body  becomes  spotted  in  a  dendritic 
fashion,  and  if  its  cutaneous  nerves  be  divided,  the  area  supplied  by  the  nerve  changes  to  black. 
The  condition  of  its  skin,  therefore,  is  readilj'  affected  by  the  condition  of  its  nervous  system, 
for  psychical  excitement  also  alters  its  colour.  If  the  sympathetic  nerve  in  the  neck  of  a  turbot 
be  divided,  the  skin  on  the  dorsal  part  of  the  head  becomes  black.  It  is  notorious  that  the 
colour  of  fishes  is  adapted  to  the  colour  of  their  environment.  If  the  nerve  proceeding  from 
the  stellate  ganglion  in  the  mantle  of  a  cuttle-fish  be  divided,  the  skin  on  one  half  of  the  body 
becomes  pale.  ] 

[Guanin  in  Cells. — Besides  the  pigment-cells  in  the  web  of  a  frog's  foot  (especi- 
ally in  Eana  teniporaria)  there  are  other  cells  which  contain  granules  of  guanin 
(fig.  .SOI,  d).  If  the  web  of  a  frog's  foot  be  mounted  in  Canada  balsam  and 
examined  microscopically  between  crossed  Nicol's  prisms,  each  guanin-cell  is  seen 
to  contain  numerous  very  strongly  doubly  refractive  granules  of  guanin  (§  283).] 

292.  STRUCTURE  AND  ARRANGEMENT  OF  MUSCLES.— [Muscular 
Tissue  is  endowed  with  contractility,  so  that  when  it  is  acted  upon  by  certain  forms 
of  energy  or  stimuli,  it  contracts.    There  are  two  varieties  of  this  tissue — 

(1)  Striped,  striated  (or  voluntary) ; 

(2)  Non-striped,  smooth,  organic  (or  involuntary). 

Some  muscles  are  completely  under  the  control  of  the  will,  and  are  hence  called 
"voluntary,"  and  others  are  not  directly  subject  to  the  control  of  the  will,  and  are 
hence  called  "  involuntary the  former  are  for  the  most  jiart  striped,  and  the 
latter  non-striped ;  but  the  heart-muscle,  although  striped,  is  an  involuntary 
muscle.] 

1.  Striped  Muscles. — The  surface  of  a  muscle  is  covered  with  a  connective-tissue  envelope  or 
perimysium  externum,  from  which  septa,  carrying  blood-vessels  and  nerves,  the  perimysium 
internum,  pass  into  the  substance  of  the  muscle,  so  as  to  divide  it  into  bundles  of  fibres  or 
fasciculi,  which  are  fine  in  the  eye-muscles  and  coarse  in  the  glutei.  In  eacli  such  com- 
partment or  mesh,  there  lie  a  number  of  muscular  fibres  arranged  more  or  less  ]iarallel  to  each 
other.  [The  fibres  are  lield  together  by  delicate  connective-tissue  or  endomysium,  which  .sur- 
rounds groups  of  the  fibres  ;  each  fibre  being,  as  it  were,  separated  from  its  neighbour  by 
delicate  fibrillar  connective-tissue.]  Each  muscular  fibre  is  surrounded  with  a  rich  plexus  of 
capillaries  [which  form  an  elongated  meshwork,  lying  between  adjacent  fibres,  but  never  pene- 
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trating  the  fibres,  .Inch,  ho.eve.,  they  cvo.  (fig  307).  In  a  -^ttSf  Jh^^JS^^ 
l  iries  Tnav  be  slightly  sinuous  in  their  course,  but  when  ^^^^cf  j^J'"  '  himvlialics\.  Eacli 
!Sa,>iS    The^apiUaries  lie  in  the  ^^Jji-^^'-^'/  Xes  occui  in  the 

muscular  fibre  receives  a  nerve-hbre.    [Where  ^o^"'^  "^J^l^^^^X^us  muscles  of  the  middle 
skeletal  muscles,  heart,  diaphragm,  pharynx  upper  part  ot  ^^^^a  us  jnu 
eai  and  pinna,  the  true  sphincter  of  the  urethra,  and  ^^te^^i^*^"^  .'J ftbre,  11  to  67  m 
A  musW  fibre  (lig.  302,  1)  is  a  more  or  less      "^^/'^^^it^^^Sfl  t^^^  Within 
r  t    to       in.]  in  diameter,  and  never  longer  than  3  to  4  f^^^J"^f  ^^^^  the  fibres  are  as 

Kt  mJsdes,  e.g.,  stapedius,  tensor  tympani,  or  the  Jort  "^^f  ^^^f4f^S^^^^^  are  pointed, 
long  as  the  muscle  itself  ;  withm  longer  muscles,  hoAvevei,  the  mai^iuu  ^ 


Fig.  302. 

Histology  of  muscular  tissue.  1,  Diagram  of  part  of  a  striped  muscular  fibre  ;  S,  sarcolemma  ; 
Q,  transverse  stripes  ;  F,  fibrillaj  ;  K,  the  muscle  nuclei ;  N,  a  nerve-fibre  entering  it 
with  CI,,  its  axis  cylinder  and  Kiihne's  motorial  end-plate,  c,  seen  in  profile  ;  2,  transverse 
section  of  i^art  of  a  muscular  fibre,  showing  Cohnheim's  areas,  c ;  3,  isolated  muscular  fibrillar ; 
4,  part  of  an  insect's  muscle  gi-eatly  magnified  ;  a  Krause-Amici's  line  limiting  the 
muscular  cases  ;  h,  the  doubly-retractive  substance  ;  c,  Hensen's  disc  ;  d,  the  singly-refrac- 
tive substance  ;  5,  fibres  cleaving  transversely  into  discs  ;  6,  muscular  fibre  from  the  heart 
of  a  frog  ;  7,  development  !of  a  striped  muscle  from  a  human  fcetus  at  the  third  month  ; 
8,  9,  muscular  fibres  of  the  heart  ;  c,  capillaries  ;  h,  connective-tissue  corpuscles  ;  10,  smooth 
muscular  fibres  ;  11,  transverse  section  of  smooth  muscular  fibres. 

and  are  united  obliquely  by  cement-substance  with  a  similar  bevelled  or  pointed  end  of  another 
fibre  lying  in  the  same  direction.    Muscular  fibres  may  be  isolated  by  maceration  in  nitric  acid 
with  excess  of  potassic  chlorate  or  by  a  36  per  cent,  solution  of  caustic  potash. 
[Each  muscular  fibre  consists  of  the  following  parts  : — 

1.  Sarcolemma,  an  elastic  sheath,  wth  transverse  partitions,  stretching  across  the  fibre  at 

regular  intervals — the  mcmhrane  of  Krausc  ; 

2.  The  included  sarcous  substance  ; 

3.  The  nuclei  or  muscle  corpuscles.] 


STRUCTURE  OF  A  MUSCULAR  FIBRILLA. 


455 


Sarcolemma.  — Each  muscular  fibre  is  completely  enclosed  by  a  thin  colourless,  structureless, 
transparent  elastic  sheath  (tig.  302,  1,  S),  which,  chemically,  is  midway  between  connective 
and  elastic  tissue,  and  within  it  is  the  contractile  substance  of  the  muscle.  [When  a  muscular 
fibre  is  being  digested  by  trypsin,  Chittenden  observed,  at  the  beginning,  the  sarcolemma  raised 
from  its  sarcous  contents  as  a  folded  tube,  but  it  is  ultimately  digested  by  trypsin.  It  is  thus 
distinguished  from  the  collagen  substance  of  connective-tissue,  which  is  not  digested  by  trypsin. 
It  is  not  dissolved  by  boiling,  and  it  resists  the  action  of  acids  and  dilute  alkalies,  while  it  is 
dissolved  by  concentrated  alkalies.  Thus,  it  differs  from  elastic  fibres,  and  on  the  whole, 
chemically,  it  seems  to  be  most  closely  related  to  the  membrana  propria  of  glands.  It  has 
much  more  cohesion  than  the  sarcous  substance  wliich  it  encloses,  so  that  sometimes,  when 
teasing  fresh  muscular  tissue  under  the  microscope,  one  may  observe  the  .sarcous  substance  torn 
across,  with  the  unruptured  sarcolemma  stretchintr  between  the  ends  of  tlie  ruptured  sarcous 
substance.  If  muscular  fibres  be  teased  in  distilled  water,  sometimes  fine  clear  blebs  are  seen 
along  the  course  of  the  fibre,  due  to  the  sarcolemma  being  raised  by  the  fluid  diffusing  under 
it.  The  sarcous  substance,  but  not  the  sarcolemma,  may  be  torn  across  by  plunging  a  muscle 
in  water  at  55'^  C,  and  keeping  it  there  for  some  time  {Emivier).] 

Sarcous  Substance. — The  sarcous  substance  is  marked  transversely  by  alternate  light  and 
dim  layers,  bands,  stripes  or  discs  (fig.  302,  1,  Q),  so  that  each  fibre  is  said  to  be  "  transversely 
striped."  [The  stiipes  do  not  occur  in  the  sarcolemma,  but  are  confined  to  the  sarcous  sub- 
stance, and  they  involve  its  whole  thickness.] 

[The  animals  most  suited  for  studying  the  structure  of  the  sarcous  substance  are  some  of  the 
insects.  The  muscles  of  the  water-beetle,  Dytiscus  marginalis,  and  the  Hydrophilus  piceus  are 
well  suited  for  this  purpose.  So  is  the  crab's  muscle.  In  examining  a  living  muscle  micro- 
scopically, no  fluid  except  the  muscle-juice  should  be  added  to  the  preparation,  and  very  high 
powers  of  the  microscope  are  required  to  make  out  the  finer  details.] 

Bowman's  Discs. — If  a  muscular  fibre  be  subjected  to  the  action  of  hydrochloric  acid  (1  per 
1000),  or  if  it  be  digested  by  gastric  juice,  or  if  it  be  frozen,  it  tends  to  cleave  transversely 
into  discs  {Boivman),  which  are  artificial  products,  and  resemble  a  pile  of  coins  which  has  been 
knocked  over  (fig.  302,  5). 

Fibrillse. — Under  certain  circumstances,  a  fibi'e  may  exhibit  longitudinal  stnation.  This 
is  due  to  the  fact  that  it  may  be  split  up  longitudinally  into  an  immense  number  of  (1  to  1 7  /u 
in  diameter)  fine,  contractile  threads,  the  primitive  fibrillaB 
(fig.  302,  1,  F),  placed  side  by  side,  each  of  which  is  also 
transversely  striped,  and  they  are  so  united  to  each  other  by 
semi-fluid  cement-substance,  that  the  transverse  markings  of 
all  the  fibrilhe  lie  at  the  same  level.  Several  of  these  fibrils 
are  united  together  owing  to  the  mutual  pressure, and  prismatic 
in  form,  so  that  when  a  transverse  section  of  a  perfectly  fresh 
muscular  fibre  is  obsei-ved  after  it  is  frozen,  the  end  of  each 
fibre  is  mapped  out  into  a  number  of  small  polygonal  areas 
called  Cohnheim's  areas  (fig.  302,  2).  [Each  bundle  of  fibrils 
or  polygonal  area  represents  what  Kiilliker  called  a  "Muscle- 
Column."] 

Fibrillae  are  easily  obtained  from  insects'  muscles,  while 
those  from  a  mammal's  muscle  are  readily  isolated  by  the 
action  of  dilute  alcohol,  Midler's  flind  [or,  best  of  all,  ^  per 
cent,  solution  of  chromic  acid]  (fig.  302,  3). 

[In  studying  the  structure  of  muscle,  it  is  well  to  re- 
member that  there  are  considerable  differences  between  the 
muscles  of  Vertebrates  and  those  of  Arthropoda.] 

[When  a  living  unaltered  vertebrate  muscular  fibre  is 
examined  microscopically,  in  its  own  juice,  we  observe  the 
alternate  dim  and  light  transverse  discs.  Amici,  Krause,  and 
Dobie  showed  that  a  fine  dark  line  runs  across  the  light 
disc,  and  divides  it  into  two  (fig.  303).  Amici  resolved  it 
into  a  row  of  granules,  and  by  others  {e.g.,  Krause)  it  is 
regarded  as  due  to  the  existence  of  a  membrane, — hence 
it  is  called  Krause's  membrane, — which  runs  transversely 
across  the  fibre,  being  attached  all  round  to  the  sarcolemma,  thus  dividing  each  fibre  into  a 
series  of  compartments  placed  end  to  end.    Hensen  described  a  disc  or  stripe  iu  the  centre  of 

the  dim  disc]  .     „^    i.     jj.    j-       i  •  u  •  ^.i, 

[On  Krause's  theory,  each  muscular  compartment  contains  (1)  a  broad  arm  disc,  wlucti  is  the 
contractile  part  of  the  sarcous  substance.  It  is  doubly  refractive  (anisotropous),  and  is  com- 
posed of  Bowman's  sarcous  elements.  (2)  On  each  end  of  this  disc,  and  between  it  and  Krause's 
membranes,  is  a  narrower,  clear,  homogeneous,  and  but  singly  refractile  (isotropous),  soft  or 
fluid  substance,  which  forms  the  lateral  disc  of  Engelmann.  In  some  insects  it  contains  a  row 
of  refractive  granules,  constituting  tlie  granular  layer  of  Fliigel.    If  a  muscular  fibre  be 
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stretched  and  stained  with  logwood,  the  central  ^lart  of  the  dim  disc  appears  lighter  in  colour 
than  the  two  ends  of  the  same  disc.  This  has  been  described  as  a  separate  disc,  and  is  called 
the  median  disc  of  Ilensen  (fig.  302,  4,  c).] 

[In  an  unaltered  fibre,  the  dim  broad  stripe  may  appear  homogeneous,  but  after  a  time  it 
<deaves  throughout  its  entire  extent  in  the  long  axis  of  the  fibre  into  a  number  of  prismatic 
elements  or  fibrils,  tlie  sarcous  elements  of  Bowman  (fig.  302).  These  at  first  are  prismatic,  but 
as.tliey  solidify  tliey  shrink  and  seem  to  squeeze  out  of  them  a  fluid,  becoming  at  the  same  time 
more  constricted  in  the  centre.  This  separation  into  bundles  of  fibrils  with  an  interstitial  juatter 
gives  rise  to  the  appearance  seen  on  transverse  section  of  a  frozen  jnuscle,  and  known  as  Cohn- 
Jieim's  areas  (fig.  302,  2,  c).  In  all  probability  the  cleavage  also  extends  through  the  lateral 
discs,  and  thus  fibrils  are  formed  by  longitudinal  cleavage  of  the  fibre.] 

[Muscles  of  Arthropoda. — Eugelmann  showed  that  the  muscles  of  these  animals  have  a  large 
number  of  discs.  In  a  muscle  of  an  animal  killed  by  being  plunged  into  alcohol,  according  to 
the  position  of  the  lens  of  the  microscope,  one  sees  : — 

1.  The  broad  dim  disc,  composed  of  two  darker  lateral  portions  or  discs,  and  a  lighter  disc — 
that  of  Hensen,  between  them.  In  fig.  304  the  whole  disc  is  marked  Q,  and  Hensen's  disc  is 
distinguished  as  h. 

2.  On  both  sides  of  this  is  a  small,  clear,  slightly  refractive  stripe,  J,  corresponding  to  one  of 
Engelmann's  isotropous  stripes. 

3.  On  both  sides  there  follows  symmetricallj'-  a  dark  strongly  refractive  stripe,  N,  corre- 
sponding to  Engelmann's  accessory  stripe  and  Flcigel's  granular  layer. 

4.  Then  on  both  sides  there  is  a  clear,  ieebly  refractive  disc,  E. 

5.  Beyond  E  is  a  small,  dark,  highly  refractive  stripe,  Z — usually  the  darkest — corresponding 
to  the  Amici-Krause  line.] 

[From  Z,  the  stripes  are  repeated  in  the  inverse  order  to  Q,  then  in  the  same  order  to  Z,  and 
so  on.  This  is  the  appearance  with  a  low  position  of  the  lens.  Many  muscles  do  not  show  all 
these  stripes,  thus  h  is  often  absent.] 

[If  the  lens  of  the  microscope  be  raised,  to  get  a  more  superficial  view  of  the  fibre,  the 
distribution  of  the  light  is  reversed  (fig.  304,  II),  as  all  strongly  refractive  sections  become 

light,  and  all  feebly  refrac- 

Zr-iV  A 

0<^ 


tive  appear  darker,  while 
with  a  deep  position  of  the 
lens,  the  reverse  is  the 
case.  ] 

[Experiment  shows  that 
the  dim  disc  rapidly  swells 
up  in  dilute  acids,  and  also 
that  the  dim  discs  (Q),  the 
accessory  discs  (N),  and 
the  Amici-Krause  line  (K), 
stain  more  deejily  with  log- 
wood than  the  other  discs, 
and  h  less  than  the  rest  of 

Q.] 

[If  a  muscle  which  has 
been  some  time  in  alcohol 
be  examined  as  to  its  longi- 
tudinal striation,  it  will  be 
seen  to  consist  of  rods  with 
light  intervals  between 
them  (fig.  305).    The  rods 

are  thicker  at  their  ends,  and  thinner  and  lighter  at  their  middle.  Rollett  regards  the  clear 
intervals  between  these  rods  as  consisting  of  sarcoplasma,  a  body  closely  related' to  protoplasm, 
and  the  rods  as  bundles  of  fibrillre  or  "muscle  columns."]  ' 

[If  a  muscle  be  acted  upon  by  certain  acids  the  relative  appearance  of  the  muscle-columns  and 
the  sarcoplasma  is  altered  ;  and  the  latter  may  appear  in  these  and  in  gold  preparations  as  a 
plexus  of  fibrils  with  regular  longitudinal  and  transverse  meshes  {MdJancl,  MarshaU,  fig.  306).] 

[Muscle  Rods. —Schfifer  describes  the  appearance  ditfereutly  :— Double  rows  of  granules  are 
seen  lying  in  or  at  the  boundaries  of  the  light  streaks  (discs),  and  very  fine  longitudinal  lines 
may  be  detected  running  through  the  dark  streak  (dim  disc)  and  uniting  the  minute  granules. 
These  fine  lines,  with  their  enlarged  extremities,  are  "muscle  rods."  They  are  most  conspicuous 
in  insects.  During  the  contraction  of  a  living  muscular  fibre,  Schrifer  describes  the  "reversal 
of  the  stripes  "(§  297)  as  follows  :—"  When  the  fibres  contract,  the  light  stripes  are  seen  as 
tlie  fibre  shortens  and  thickens,  to  become  dark,  an  apparent  reversal  being  thereby  produced 
in  the  strife.  This  reversal  is  due  to  the  enlargement  of  the  rows  of  dark  dots  and  the  formation 
by  their  juxtaposition  and  blending  of  dark  discs,  whilst  the  muscular  substances  between  these 
discs  has  by  contrast  a  bright  appearance."    "With  polarised  light  in  a  livin^  muscular  fibre 
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Fig.  304. 

Y'\g.  304. — Insect's  muscle;  I,  with 
and  II,  with  a  deeper  position. 
Carabus  cancellatus. 


Fig.  305. 

a  high  position  of  the  lens. 
Fig.  305.— Muscular  fibre  of 
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all  the  savcous  substance,  except  the  muscle  rod,  is  doubly  refractive  or  anisotropous,  so  that  it 
appears  bright  on  a  dark  field  when  the  Nicol's  prisms  are  crossed,  while  under  the  same  condi- 
tions contracted  muscle  and  dead  muscle  show  alternate  dark  and  light  bands  (Schcifcr).] 

The  nuclei  or  muscle-corpuscles  are  found  immediately  under  the  sarcolemma  in  all 
mammals,  and  their  long  axis  lies  in  the  long  axis  of  the  fibre  (8  to  13  fi  long,  3  to  4  ^  broad). 

[In  the  muscles  of  the  frog,  reptiles,  and  some  other  animals,  e.g.,  the  red  muscles  of  the 
rabbit  and  hare  and  in  some  muscles  of  birds,  they  lie  in  the  substance  of  the  fibre  surrounded 
by  a  small  amount  of  protoplasm.]  When  they  occur  immediately  under  the  sarcolemma  they 
are  more  or  less  flattened,  and  lie  embedded  in'a  small  amount  of  "protoplasm  (tig.  302,  1  and  2, 
X).  They  contain  one  or  two  nucleoli,  and  it  is  said  that  the  protoplasm  sends  out  fine 
processes  which  unite  with  similar  processes  from  adjoining  cor])usclcs,  so  that,  according  to 
this  view,  a  branched  protoplasmic  network  exists  under  the  sarcolemma.  [Each  nucleus  has  a 
reticulated  appearance  due  to  the  presence  of  a  plexus  of  fibrils,  consisting  of  chromatin  ;  in  its 
meshes  lies  an  achromatic  substance.  The  nuclei  are  specially  large  in  Otiorrhynchus  i)lanatus, 
one  of  the  beetles.  Mitotic  figures  indicating  division  of  the  nuclei  have  been  observed.  The 
nuclei  are  not  seen  in  a  perfectly  fresh  muscle,  because,  until  they  have  undergone  some  change, 
their  refractive  index  is  the  same  as  that  of  the  sarcous  substance.]  They  become  specially 
evident  after  the  addition  of  acetic  acid.    Histogenetically,  they  are  the  remainder  of  the  cells 

According  to  M.  Schultze,  the 


from  which  the  muscular  fibres  were  developed  (fig.  302,  7). 
sarcous  substance  is  an  intercellular  substance  differentiated 
Perhaps  they  are  the  centres  of  nutrition  for  the  mus- 
cular fibres.    In  amphibians,  birds,  fishes,  and  reptiles, 
they  lie  in  the  axis  of  the  fibres  between  the  fibrils. 

It  is  said  that  the  proto]dasm  of  the  muscle-corpuscles 
forms  a  fine  network  throughout  the  whole  muscular 
fibre,  the  transverse  branches  taking  the  course  of  the 
lines  of  Krause  or  Dobie,  and 
the  longitudinal  branches  run- 
ning in  the  interstices  between 
Cohnheim's     area  {Rctzius, 
Bremer,  Melland. 


formed 


their  activity. 
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306. — Network  in  a  muscular  fibre.    Fig.  307. — Relation  of  a 
—Injected  blood-vessels  of  a  human  muscle. 
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Belation  to  Tendons. — According  to  Toldt,  the  delicate  connective-tissue  elements,  which 
cover  the  several  muscular  fibres,  pass  from  the  ends  of  the  latter  directly  into  the  connective- 
tissue  elements  of  the  tendon.  The  end  of  the  muscular  fibre  is  jicrhaps  united  to  the  smooth 
surface  or  hollow  end  of  the  tendon  by  means  of  a  special  cement  ( ircis-mann — fig.  307,  S).  In 
arthropoda,  the  sarcolemma  passes  directly  into  and  becomes  continuous  with  the  tendon  {Lcydig). 
The  tendon  itself  consists  of  longitudinally  arranged  bundles  of  white  fibrous  tissue  with  cells — 
tdulon  cells — embracing  them.  There  is  a  loose  capsule  or  sheath  of  connective-tissue — the 
peritendineum  of  Kollman — surrounding  the  whole  and  carrying  the  blood-vessels,  lymphatics, 
and  nerves.  The  tendons  move  in  the  tendon-sheaths,  which  are  moistened  by  a  mucous  fluid. 
In  most  situations,  muscular  fibres  are  attached  by  means  of  tendons  to  some  fixed  point,  but 
in  other  situations  (face)  the  ends  terminate  between  the  connective-tissue  elements  of  the 
skin. 

[Blood-Vessels. — Muscles,  being  very  active  organs,  are  richly  supplied  with  blood.  The 
blood-supply  of  a  muscle  dilTers  from  some  organs  in  not  constituting  an  actual  vascular  unit, 
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supplied  oiilj-  by  one  artery  and  one  vein,  thus  being  unlike  the  kidney,  spleen,  &c.  Each 
muscle  usuariy  receives  several  branches  from  diirerent  arteries,  and  branches  enter  it  at  certain 
distances  alonj,'  its  whole  length.  The  artery  and  vein  usually  lie  together  in  the  connective- 
tissue  of  the  perimysium,  while  tlie  capillaries  lie  in  the  endomysium.  The  capillaries  lie 
between  the  muscular  fibres,  but  outside  the  sarcolemma,  where  they  form  an  elongated  rich 
plexus  with  numerous  transverse  branches  (lig.  308).  The  lymph  to  nourish  the  sarcous  sub- 
stance must  traverse  the  sarcolemma  to  reach  the  former.  In  the  red  muscles  of  the  rabbit 
{e.ij.,  semitendinosus)  the  capillaries  are  more  wavy,  while  on  the  transverse  branches  of  some 
of  the  capillaries,  and  on  the  veins,  there  are  small,  oval,  saccular  dilatations,  which  act  as 
reservoirs  for  blood  {llanvicr).] 

[Lymphatics. — We  know  very  little  of  the  lymphatics  of  muscle,  although  the  lymphatics  of 
tendon  and  fascia  have  been  carefully  studied  by  Ludwig  and  Schweigger-Seidel.  There  are 
lym])hatics  in  the  endomysium  of  the  heart,  which  are  continuous  with  those  under  the  peri- 
cardium. This  subject  still  requires  further  investigation.  Compare  the  lymphatics  of  the 
fascia  lata  of  the  dog  (fig.  227,  §  201.] 

Entrance  of  the  Nerve. — The  trunk  of  the  motor  nerve,  as  a  rule,  enters  the  muscle  at  its 
geometrical  centre  {Schicalbc) ;  hence,  the  point  of  entrance  in  muscles  with  long,  parallel,  or 
spindle-shaped  fibres  lies  near  its  middle.  If  the  muscle  with  parallel  fibres  is  more  than  2  to 
8  centimetres  [1-3  inches]  in  length,  several  branches  enter  its  middle.  In  triangular  muscles, 
the  point  of  entrance  of  the  nerve  is  displaced  more  towards  the  strong  tendinous  point  of  con- 
vergence of  the  muscular  fibres.  A  nerve-fibre  usually  enters  a  muscle  at  the  point  where  there 
is  the  least  displacement  of  the  muscular  substance  during  contraction. 

Motor  Nerve. — Every  muscle-fibre  receives  a  motor  nerve-fibre  (fig.  302,  1,  N). 
Each  nerve  does  not  contain  originally  as  many  motor  nerve-fibres  as  there  are 

muscular  fibres  in  the  muscle 
it  enters ;  in  the  human  eye- 
muscles,  there  are  only  3 
nerve-fibres  to  7  muscular 
fibres ;  in  other  muscles 
(dog),  1  nerve-fibre  to  40  or 
80  {Tergast).  Hence,  when 
a  nerve  enters  a  muscle  it 
must  divide,  which  occurs 
dichotomously  [at .  Ranvier's 
nodes],  the  structure  under- 
going no  change  until  there 
are  exactly  as  many  nerve- 
fibres  as  muscular  fibres.  In 
warm-blooded  animals  each 
muscular  fibre  has  only  one, 
while  cold-blooded  animals 
have  several  points  of  insertion  of  the  nerve-fibre  (Sandmann).  A  nerve-fibre  enters 
each  muscular  fibre,  and  where  it  enters  it  forms  an  eminence  {Doyere,  1840),  the 
"motorial  end-plate"  (figs.  302,  1,  e,  309,  310,  311). 

[The  elaborate  investigations  of  K.  Mays  on  the  exact  distribution  of  nerve-fibres 
in  the  muscles  of  the  frog  have  conclusively  proved — apart  from  experimental  reasons 
— that  parts  of  muscles  receive  no  nerve-fibres  at  all,  large  portions  being  free  from 
nerves.    This  has  been  proved  for  all  classes  of  vertebrates  except  osseous  fishes.] 

[The  mode  of  termination  of  a  motor  nerve  in  a  muscular  fibre  is  not  the  same  in  all  animals, 
but  in  every  case  it  pierces  the  sarcolemma,  and  its  ultimate  distribution  has  a  distinct  hypo- 
lemmal  character.  The  Doyere's  eminence  is  present  in  most  mammals  and  reptiles,  but  in 
amphibians  and  birds,  the  ending  is  flat  on  the  muscle-fibre.  Most  of  the  results  known  to  us 
have  been  worked  out  by  Kiihne.  The  nerve-endings,  then,  are  confined  to  very  small  spots 
or  areas  on  the  muscular  fibres,  termed  by  Kiihne  "fields  of  innervation."  Most  nerve-fibres 
have  only  one  such  field,  but  very  long  fibres  may  have,  at  most,  eight.  One  or  more  niedul- 
lated  nerve-fibres  pass— as  preterminal  or  epilemmal  fibres — from  the  point  of  division  of  the 
nerve-fibre  to  the  muscular  fibre,  to  pass  into  the  nerve-endings.  The  nerve-endings  consist 
of  divisions  of  the  axial  cylinder,  which  are  distributed  over  the  sarcous  substance  without 
(so  far  as  is  known)  forming  any  direct  connection  with  it.    The  endings,  however,  lie  in  direct 


Fig.  309. 

Muscular  fibres  with  motorial  end-plates. 
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contaot  with  it.  This  branched  arrangemeut  of  the  axis-cylinder  nnder  the  sarcolemnia,  Kiilmo 
has  called  a  "  motor-spray  ( "  motorisches  Geweih  "),  and  the  mode  of  distribution  of  the 
branche^  vanes  m  different  classes  of  animals.  In  the  frog  (fig.  310),  tailed  amphibians,  and 
birds,  the  hypolemnial  branches  of  the  axis-cylinder  form  bayonet-like  and  branched  endings, 
in  the  lizard,  snakes,  and  niammals,  the  branches  are  often  curved  or  twisted,  and  possessed  of 
obes  and  as  the  division  is  very  variable,  there  is  every  form  from  a  simple  hook-like  beud  to  a 
lughly  arborescent  termination.] 

[Where  a  motor  nerve  enters  a  muscular  fibre  at  the  eminence  of  Doyfere,  the  sheath  of  the 

nerve-fibre,  known  as  the  perineural  or  Henle's  sheath  (g  321),  becomes 
continuous  with  the  sarcolemnia.    The  eminence  itself  consists  of  a 

mass  of  protoplasm — or  sarcoplasm — called 
^  A_o         by  Kiihne  sarcoglia — which  contains  gran- 
ules and  nuclei,  the  latter  with  a  mem- 
brane and  peculiar  nucleoli ;  the  nuclei 
themselves  are  the  fundamental  or  basal 
nuclei  of  the  sarcoglia.    The  outer  surface 
of  the  eminence  is  covered  by  a  mem- 
brane called  telolemma  by  Kiihne,  Init 
which  ill  reality  consists  of  two  mem- 
branes,  an  outer 
one,  the  epilemma, 
continuous  with 
the   perineural  or 
Henle's  sheath,  and 
an  inner  one,  the 
endolemma,  the 
continuation  of  the 
sheath  of  Schwann 
of  the  nerve-fibre, 
both  ultimately  be- 
ing connected  with 
the  sarcolemnia.  As 
the  nerve  pierces 
the  muscular  fibre, 
it  loses  its  niyeline, 
and  with  it  disap- 
pears the  keratin 
sheath  oraxilenima 
of  the  axis- cylinder, 
so  that  the  spray- 
like ending  is  ac- 
companied only  by 

the  telolemma  (fig.  311).  The  telolemma  contains  nuclei  which  are  derived  from  Henle's 
sheath  (KiiJim).] 

[In  some  animals,  such  as  the  lizard,  in  order  to  see  the  nerve  terminations,  it  is  sufficient  to 
stain  portions  of  fresh  muscles  with  Delafield's  logwood.] 

[Nerve-endings,  then,  are  sublemmar,  and  the  terminations  of  the  nerves  never 
penetrate  into  the  depth  of  the  muscular  fibre,  but  come  into  direct  contact  with 
the  contractile  prism  or  cylinder  moistened  by  the  fluids  of  the  muscle.  In 
many  cases  the  striped  substance  is  separated  from  the  blunt  nerve-endings  by  some 
of  the  sarcoglia,  which  in  some  cases  penetrate  and  traverse  the  other  constituent 
of  the  fibre.  The  latter  Kiihne  has  called  "  rhabdia."  The  antler-like  division  of 
the  axis-cylinder  or  spray,  in  contact  with  the  muscular  substance,  serves  to  conduct 
the  excitation  from  the  former  to  the  latter,  but  excitation  of  the  muscular  sub- 
stance is  never  transmitted  in  the  reverse  order  to  the  nerve-ending  {Kiihne).] 

Each  muscular  fibre  of  the  cray  fish  is  supplied  by  two  nerve-fibrils  arising  from  separate 

axis-cylinders  {Biedcrmann). 

Sensory  fibres  also  occur  in  muscles,  and  they  are  the  channels  for  muscular 
sensibility.  They  seem  to  be  distributed  on  the  outer  surface  of  the  sarcolerama, 
where  they  form  a  branched  plexus  and  wind  round  the  muscular  fibres  (Arndt, 
Sachs) ;  but,  according  to  Tschirjew,  the  sensory  nerves  traverse  the  substance  of 
the  muscle,  and  after  dividing  dichotomously,  end  onli/  in  the  aponeurosis,  either 


Fig. 


310. — Motor  nerve-ending  in  the  frog  {Kiihne). 


a,  Profile  view  of 


entrance  of  the  nerve  ;  b,  b,  nuclei  of  the  branches  of  the  axial  cylinder  , 
c,  c,  c,  nuclei  of  Henle's  sheath  ;  e,  muscle  nuclei.  Fig.  311. — Motor 
nerve-ending  in  lizards,  mammals,  and  man.  Schematic  after  Kiihne.  A, 
axis-cylinder  ;  A'A',  terminal  branches  of  A  ;  a,  a,  myelin  of  nerves  ;  b, 
perineural  or  Henle's  sheath,  and  its  nuclei  (c) ;  d,  nuclei  of  telolemma  ; 
B,  bed  ;  D,  large  granule  in  B  ;  C,  nuclei  of  the  bed  ;  E,  muscle  nuclei ; 
F,  contractile  substance. 
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suddenly  or  by  means  of  a  small  swelling — a  view  confirmed  by  Rauber.  The 
existence  of  sensory  nerves  in  muscles  is  also  proved  by  the  fact  that  stimulation 
of  the  central  end  of  a  motor  nerve,  e.g.,  the  phrenic,  causes  increase  of  the  blood- 
pressure  and  dilatation  of  the  pupil  {Asp,  Koivcdeivsky,  Naivrochi),  as  well  as  by  the 
fact  that  when  they  are  inflamed  they  are  painful.  They  of  course  do  not  de- 
ifenerate  after  section  of  the  anterior  root  of  the  spinal  nerves. 

Red  and  Pale  Muscles.— In  many  fislies^ (skate,  plaice,  herring,  mackerel)  {W.  Stirling), 
birds,  and  mammals  (rabbits),  there  are  two  kinds  of  striped  muscle  (Krause),  dillering  in 
colour,  histological  structure  (Ranvicr),  and  physiological  jn-operties  {Kroneckcr  and  Stirling). 
Some  are  "  red,"  the  soleus  and  semitendinosus  of  the  rabbit,  and  others  "  pale,"  eg'., 
the  adductor  maguus.  In  the  ^jaZe  muscles  the  transverse  striation  is  less  regular,  and  their 
nuclei  fewer  than  in  the  red  muscles  {Hanvier);  they  contain  less  glycogen  and  myosin.  [W. 
Stirling  finds  that  the  red  muscles  in  many  fishes,  e.g.,  the  mackerel,  contain  granules  of  oil, 
and  present  all  the  ap])earance  of  muscle  in  a  state  of  fatty  degeneration,  while  the  pale 
nmscles,  lying  side  by  side,  contain  no  fatty  granules.] 

Julius  Arnold  found  in  human  muscles  an  extensive  distribution  of  pale  fibres  amongst 
the  red  ones,  and  ~  indeed  in  the  same  muscle  in  the  frog  and  mammals,  red  and  pale  fibres 
occur  together,  in  fact  this  is  the  case  in  almost  every  muscle  (GriU~iicr). 

[Spectrum.— The  red  colour  of  the  ordinary  skeletal  muscle  is  due  to  htemoglobin  in  the  sarcous 
substance  {Kuhne).  This  is  proved  by  the  fact  that  the  colour  is  retained  after  all  the  blood 
is  washed  out  of  the  vessels,  when  a  thin  muscle  still  shows  the  absorption-bands  of  htemo- 
globin  when  examined  with  the  spectroscojje.l 

[Myo-haematin.— MacMunn  points  out  that  although  most  voluntary  muscles  owe  their 
colour  to  hosmoglobiu,  it  is  accompanied  by  myo-hcvmatin  in  most  cases,  and  sometimes  entirely 
replaced  by  it.  Myo-hajmatiu  is  foimd  in  the  heart  of  vertebrates,  in  the  papillary  muscles  of 
the  human  heart,  and  in  abundance  in  the  pectoral  muscles  of  pigeons,  and  in  some  muscles 
of  vertebrates  and  invertebrates,  e.g.,  certain  beetles  (Hydrophilus,  Dytiscus),  the  common  fly, 
and  other  insects,  spiders,  crustaceans,  and  molluscs.] 

Muscular  Fibres  of  the  Heart.  — The  mammalian  cardiac  muscle  has  certain  peculiarities 
already  mentioned  (§  43)  : — (1)  It  is  striped,  but  it  is  involuntary  ;  (2)  it  has  no  sarcolemma  ; 
(3)  its  fibres  branch  and  anastomose  ;  (4)  the  transverse  striation  is  not  so  distinct,  and  it  is 
sometimes  striated  longitudinally  ;  (5)  the  nucleus  is  placed  in  the  centre  of  each  cell  (see 
§  43).  [The  cardiac  muscle,  viewed  from  a  2^hysiological  point  of  view,  stands  midway  between 
striped  and  unstriped  muscle.  Its  contraction  occurs  slowly  and  lasts  for  a  long  time  (p.  86), 
while,  although  it  is  transversely  striped,  it  is  involuntary.] 

[Purkinje's  Fibres. — These  fibres,  which  form  a  plexus  of  greyish  fibres  under  the  endo- 
cardium of  the  heart  of  ruminants,  have  been  described  already  (fig.  28)  ;  the  cells  have,  as  it 
were,  advanced  only  to  a  certain  stage  of  development  (§  46).] 

Development.  —  Each  muscular  fibre  is  developed  from  a  uni-nucleated  cell  of  the  mesoblast, 
which  elongates  into  the  form  of  a  spindle.  As  the  cell  elongates,  the  nuclei  multiplJ^  The 
superficial  or  parietal  part  of  the  cell-substance  shows  transverse  markings  (fig.  302,  7),  while 
the  nuclei  with  a  small  amount  of  protoplasm  are  continuous  along  the  axis  of  the  fibre,  where 
they  remain  in  some  animals,  but  in  man  they  pass  to  the  surface  where  they  come  to  lie  under 
the  sarcolemma.  The  muscles  of  Ithe  young  are  smaller  and  have  fewer  fibres  than  those  of 
adults  (Budge).  In  developing  muscle,  the  number  of  fibres  is  increased  by  the  proliferation 
of  the  muscle-corpuscles,  which  form  new  fibres. 

Striped  muscle,  besides  occurring  in  the  corresponding  organs  of  vertebrata,  occurs  in  the 
iris  and  choroid  of  birds.  The  arthropoda  have  only  striped  muscle,  the  molluscs,  Avorms, 
and  echinoderms  chiefly  smooth  muscles  ;  in  the  latter  are  muscles  with  double  oblique  striation 
(Schicalbc).  According  to  Paneth,  in  old  individuals  separate  cells  with  aggregation  of  con- 
tractile substance — so-called  Sarcoplasts— unite  to  form  new  muscular  fibres.  Sig."  Mayer  regards 
these  structures  as  retrogressive  structures,  and  he  calls  them  Sarcolytes  (§  103,  II.). 

2.  Non-Striped  Muscle.— [Distribution.— It  occurs  very  widely  distributed  in  the  body,  in 
the  muscular  coat  of  the  lower  half  of  the  human  oesophagus,  stomach,  small  and  large  intestine, 
muscularis  muscosfe  of  the  intestinal  tract,  in  the  arteries,  veins,  and  lymphatics,  posterior  part 
of  the  trachea,  bronchi,  infundibula  of  the  lung,  muscular  coat  of  the  ureter,  bladder,  urethra, 
vas  deferens,  vcsiculre  seminales,  and  prostate;  corpora  cavernosa  and  spongiosa  penis,  ovary, 
Fallopian  tube,  uterus,  .skin,  ciliary  muscle,  iris,  upper  eyelid,  spleen  and  capsule  of  lymphatic 
glands,  tunica  dartos  of  the  scrotum,  gall-bladder,  in  ducts  of  glands,  and  in  some  other 
situations.] 

Structure. —Smooth  muscular  fibres  consist  of  fusiform  or  spindle-shaped  elongated  cells 
with  tiieir  ends  either  tapering  to  fine  points  or  divided  (fig.  312).    These  contractile  fibre-cells 
may  be  isolated  by  steeping  a  piece  of  the  tissue  in  a  30  per  cent,  solution  of  caustic  potash,  or 
a  strong  solution  of  nitric  acid.    They  are  45  to  30  fi  [^i^  to  jljf  in.]  in  length,  and  4  to  10  ^ 
[^oVtf  to        in.]  in  breadth.    Each  cell  contains  a  solid  oval  elongated  nucleus,  which  may 
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contain  one  or  more  nucleoli.  It  is  brought  into  view  by  the  action  of  dilute  acetic  acid,  or  by 
staining  reagents.  The  mass  of  the  cell  appears  more  or  less  homogeueout^,  [and  is  surrounded 
by  a  thin  elastic  envelope].  In  some  places  it  shows  longitudinal  librillation.  [Method. —This 
fibrillation  is  revealed  more  distinctly  thus: — Place  the  mesentery  of  a  newt  {Klein)  or  the 
bladder  of  the  salamandra  maculata  {Flcmmincj)  in  a  5  per  cent,  solution  of  ammonium 
chromate,  and  afterwards  staiu  it  with  picro-carmine.  Each  cell  consists  of  a  thin  elastic 
sheath  (sarcolemma  of  Krause)  enclosing  a  bundle  of  fibrils  (F)  which  run  in  a  longitudinal 
direction  within  the  fibre  (tig.  313).  They  are  continuous  at  the  poles  of  the  nucleus  with  the 
plexus  of  fibrils  which  lies  within  the  nucleus,  and,  according  to  Klein,  they  are  the  contractile 
part,  and  when  they  contract  the  sheath  becomes  shrivelled  transversely  and  exhibits  what  looks 
like  thickenings  (S).  These  fibrils  have  been  observed  by  Flemming  in  the  cells  while  living. 
Sometimes  the  cells  are  branched,  while  in  the  frog's  bladder  they  are  triradiate. 

[Arrangement.— Sometimes  the  fibres  occur  singly,  but  usually  they  are  arranged  in  groups, 
forming  lamelhv,  sheets,  or  bundles,  or  in  a  plexiform  manner,  the  bundles  being  surrounded  by 
connective-tissue.]  A  very  delicate  elastic  cement-substance  unites  the  individual  cells  to  each 
other.  [This  cement  may  be  demonstrated  by  the  action  of  nitrate  of  silver.  In  transverse 
section  (fig.  312,  11)  they  appear  oval  or  polygonal,  with  the  delicate  homogeneous  cement 
between  them  ;  but,  as  the  fibres  are  cut  at  various  levels,  the  areas  are  unetj^ual  in  size,  and  all 
of  them,  of  course,  are  not  divided  at  the  position  of  the  nucleus.] 

They  vary  in  length  from  to  of  an  inch  ;  those  in  the  middle  coat  of  the  arteries 
are  short,  while  they  are  long  in  the  intestinal  tract,  and  especially  in  the  pregnant  uterus. 
According  to  Engelmann,  the  separation  of  the  smooth  muscular  substance  into  its  individual 
spindle-like  elements  is  a  post-moi'tcm  change  of  the  tissue.  Sometimes  transverse  thickenings 
are  seen,  which  are  not  due  to  transverse  striation,  but  to  a  partial  contraction.  Occasionally 
they  have  a  tendinous  insertion. 

Blood- Vessels. — Non-striped  muscle  is  richly  supplied  with  blood-vessels,  and  the  capillaries 
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Fig.  312. 

Fig.  312.— Smooth  mu.scular  fibres  (10);  (11)  transverse  section.    Fig.  313.— Smooth  mus- 
'  cular  fibre  from  the  mesentery  of  a  newt  (ammonium  chromate).    N,  niicleus  ;  F,  fibrils ; 
S,  markings  in  the  sheath.    J'ig.  314. — Termination  of  nerve  in  non-striped  muscle. 

form  elongated  meshes  between  the  fibres,  [although  it  is  not  so  vascular  as  striped  muscle]. 
Lymphatics  also  occur  between  the  fibres.  ,     ,      i  ,  „  , 

Motor  Nerves.  According  to  J.  Arnold,  they  consist  of  meduUated  and  non-meduUated 

fibres  [derived  from  the  sympathetic  .system]  which  form  a  plexus— ground  plexus— partly  pro- 
vided with  crancrlionic  cells,  and  lying  in  the  connective-tissue  of  the  perimysium.  [The  fibres 
are  surrounded"with  an  endothelial  sheath.]  Small  branches  [composed  of  bundles  of  fibrib] 
are  dven  off  from  this  plexus,  forming  the  intermediary  plexus  with  angular  nuclei  at  the  nodal 
poin^ts  It  lies  either  immediately  upon  the  musculature  or  in  the  couTiective-tissue  between 
the  individual  bundles.  From  the  intermediary  plexus,  the  finest  fibrilliB  (0*3  to  O-y^)  pa^s 
off  either  singly  or  in  groups,  and  reunite  to  form  the  intermuscular  plexus  (fig.  314,  d),  which 
lies  in  the  cement  substance  between  the  muscle-cells,  to  eiul,  according  to  Frankenhauser,  in 
the  nucleoli  of  the  nucleus,  or  in  the  neighbourhood  of  the  nucleus  {Lusticj).  According  to  J. 
Arnold  the  fibrils  travei-se  the  fibre  and  the  nucleus,  so  that  the  fibres  appear  to  be  strung  upon 
a  fibril 'passino-  through  their  nuclei.    According  to  Lowit,  the  fibrils  reach  only  the  niterstitial 
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substance,  wliile  Gscheidleu  also  observed  that  the  finest  terminal  fibrils,  one  of  which  goes  to 
each  muscular  libre,  ran  along  the  margins  of  the  latter  (fig.  314).  The  course  of  these  fibrils 
can  only  be  traced  after  the  action  of  gold  chloride,  [Ranvier  has  traced  their  terminations  in 
the  stomach  of  the  leech.] 

Nerves  of  Tendon. —Within  the  tendons  of  the  frog,  there  is  a  plexus  of  medullated  nerve- 
fibres,  fiom  which  brush-like  divided  fibres  proceed,  which  ultimately  end  with  a  point  in 
nucleated  plates,  the  nerve-flakes  of  Rollett.  According  to  Sachs,  bodies  like  end-bulbs  occur 
in  tendons,  while  Rauber  found  Vater's  corpuscles  in  their  sheaths  ;  Golgi  found,  in  addition, 
spindle-shaped  terminal  corpiiscles,  which  he  regards  as  a  specific  apparatus  for  estimating 
tension. 

293.  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  MUSCLE.— 1. 

The  consistence  of  the  sarcous  substance  is  the  same  as  that  of  living  protoplasm, 
e.g.,  of  lymph-cells;  it  is  semi-solid,  i.e.,  it  is  not  fluid  to  such  a  degree  as  to  flow 
like  a  fluid,  nor  is  it  so  solid  that,  when  its  parts  are  separated,  these  parts  are 
unable  to  come  together  to  form  a  continuous  whole.  The  consistence  may  be 
compared  to  a  jelly  at  the  moment  when  it  is  dissolved  {e.g.,  by  heat).  The  power 
of  hiihihition  is  increased  in  a  contracted  muscle  (Banke). 

Proofs. — The  following  facts  corroborate  the  view  expressed  above  : — {a)  The  analogy  between 
the  function  of  the  sarcous  substance  and  the  contractile  protoplasm  of  cells  (§  9).  (i)  The 
so-called  Ferret's  phenomenon,  which  consists  in  this,  that  when  a  galvanic  current  is  conducted 
through  the  living,  fresh,  sarcous  substance,  the  contents  of  the  muscular  fibre  exhibit  a  stream- 
ing movement  from  the  positive  to  the  negative  pole  (as  in  all  other  fluids),  so  that  the  fibre 
swells  at  the  negative  pole  {Kiihnc).  (c)  By  the  fact  that  wave-movements  have  been  observed 
to  pass  along  the  muscular  fibre,  {d)  Direct  observation  has  shown  that  a  small  parasitic  round 
worm  (Myoryctes  Weismauni)  moved  freely  in  the  sarcous  substance  within  the  sarcolemma, 
while  the  semi-solid  mass  closed  up  in  the  tract  behind  it  {Kiihnc,  Eherth). 

2.  Polarised  Light. — The  contractile  substance  doubly  refracts  light,  and  is  said  to  be  anise- 
trepous,  while  the  ground  substance  causes  single  refraction,  and  is  isotrepous,  According 
to  Briicke,  muscle  behaves  like  a  doubly  refractive,  positively  uniaxial  body,  whose  optical  axis 
lies  in  the  long  axis  of  the  fibre.  When  a  muscular  fibre  is  examined  under  the  polarisation 
microscojie,  the  doubly  refractive  substance  is  recognised  by  its  appearing  bright  in  the  dark 
field  of  the  microscope  when  the  Nicols  are  crossed  (§  297).  During  contraction  of  the  mus- 
cular fibre,  the  contractile  part  of  the  fibre  becomes  narrower,  and  at  the  same  time  broader, 
whilst  the  optical  constants  do  not  thereby  undergo  any  change.  Hence,  Briicke  concludes 
that  the  contractile  discs  are  not  simple  bodies  like  crystals,  but  must  consist  of  a  whole  series 
of  small,  doubly  refractive  elements  arranged  in  groups,  which  change  their  position  during 
contraction  and  relaxation.  These  small  elements  Briicke  called  disdiaclasts.  According  to 
Schipilott",  Danielewsky,  and  0.  Nasse,  the  contractile  anisotropous  substance  consists  of  myosin, 
which  occurs  in  a  crystalline  condition  and  represents  the  disdiaclasts.  According  to  Engel- 
mann,  however,  all  contractile  elements  are  doubly  refractive,  and  the  direction  of  contraction 
always  coincides  with  the  optical  axis. 

The  investigations  of  v.  Ebner  have  shown  that  during  the  process  of  growth  of  the  tissue, 
temion  is  produced — the  tension  of  bodies  subjected  to  imbibition — which  results  in  double 
refraction,  and  so  gives  rise  to  the  condition  called  anisotropous.  During  a  sustained  con- 
traction, the  index  of  refraction  of  the  muscular  fibre  increases  {Exncr). 

[Reaction. — If  a  transverse  section  of  a  living  excised  muscle  be  pressed  upon  a  strip  of  blue 
litmus  2)aper,  the  latter  may  assume  a  reddish  tinge,  and  if  upon  a  red  litmus  paper  the  latter 
may  assume  a  bluish  tinge,  but  it  will  not  alter  violet  litmus  paper.  This  is  the  ampho- 
chromatic  or  amphoteric  reaction,  indicating  that  the  muscle  is  neutral.  It  may,  however, 
give  only  an  alkaline  reaction.  A  living  muscle  plunged  into  boiling  water  still  retains  its 
neutral  or  alkaline  reaction  ;  but  a  muscle,  which  has  been  tetanised,  or  is  in  rigor  mortis  is 
decidedly  acid.]  ' 

The  chemical  composition  of  muscle  undergoes  a  great  change  after  death, 
owing  to  the  spontaneous  coagulation  of  a  proteid  within  the  muscular  fibres.  As 
frog's  muscles  may  be  frozen  and  thawed,  and'  still  remain  contractile,  they 
cannot,  therefore,  be  greatly  changed  by  the  process  of  freezing.  Kiihne  bled 
frogs,  cooled  their  muscles  to  10°  or  7°  C,  pounding  them  in  an  iced  mortar,  and 
expressed  their  juice  through  linen.  The  juice  so  expressed,  when  filtered  in  the 
cold,  forms  a  neutral,  or  alkaline,  slightly  yellowish,  opalescent  fluid,  the  so-called 
"  muscle-plasma."  Like  blood-plasma,  it  coagulates  spontaneously  ;  at  first  it  is 
like  a  uniform  soft  jelly,  but  soon  becomes  opaque ;  doubly  refractive  fibres  and 
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specks,  similar  to  the  fibrin  of  blood,  appear  in  the  jelly,  and  as  these  begin  to  con- 
tract, they  squeeze  out  of  the  jelly  an  am/  "muscle-serum."  [Halliburton  finds 
that  the  muscles  of  warm-blooded  animals  yield  a  similar  muscle-plasma.]  Cold 
prevents  or  delays  the  coagulation  of  the  muscle-plasma;  above  0°,  coagulation 
occurs  very  slowly,  and  the  rapidity  of  coagulation  increases  rapidly  as  the  tempera- 
ture rises,  while  coagulation  takes  place  very  rapidly  at  -iO"  C.  in  cold-blooded 
animals,  or  at  48°  to  50°  C.  in  warm-blooded  muscles.  The  addition  of  distilled 
water  or  an  acid  to  muscle-plasma  causes  coagulation  at  once.  The  coagulated 
proteid,  most  abundant  in  muscle,  and  which  arises  from  the  doubly  refractive 
substance,  is  called  "myosin"  (W.  Kuhne). 

Myosin.— It  is  a  globulin  (§  245),  and  is  soluble  in  strong  (10  per  cent.)  solution  of  common 
salt,  and  is  again  precipitated  from  such  a  solution  bv  dilution  with  water,  or  by  the  addition 
of  very  small  (quantities  of  acids  (O'l  to  0  2  per  cent,  lactic  or  hydrochloric  acid).  It  is  soluble 
in  dilute  alkalies  or  slightly  stronger  acids  (0-5  per  cent,  lactic  or  hydrochloric  acid),  and  also 
in  13  per  cent,  ammonium  chloride  solution.  [The  more  myosin  is  freed  from  salts  (especially 
of  calcium)  by  washing,  the  more  insoluble  does  it  become,  both  in  saline  solutions  and  weak 
hydrochloric  acid.  When  once  precipitated  from  its  solution,  it  can  be  redissolved,  reprecipi- 
tated,  and  again  undergo  coagulation  a  second  or  even  a  third  time  (Halliburton}.]  Like  fibrin, 
myosin  rapidly  decomposes  hydric  peroxide.  When  treated  witli  dilute  hydrochloric  acid  and 
heat,  it  is  very  rapidly  changed  into  syntonin  (§  245),  Myosin  may  be  extracted  from  muscle 
by  a  10  to  15  per  cent,  solution  of  NH4CI,  and  if  it  be  heated  to  65°,  it  is  precipitated  again 
{Danieleicsky).  Danielewsky  succeeded  in  partly  changing  syntonin  into  myosin  by  the  action 
of  milk  of  lime  and  ammonium  chloride.  Myosin  occurs  in  otlier  animal  structures  (cornea), 
nay,  even  in  some  vegetables  {0.  Nassc). 

Muscle-serum,  according  to  Kiihne,  still  contains  three  proteids  (2-3  to  3  per 
cent.),  viz.  : — 1.  Alkali-albuminate,  which  is  precipitated  on  adding  an  acid,  even 
at  20°  to  24°  C.  2.  Ordinary  serum-albumin,  1-4  to  1*7  per  cent.  (§  32,  a),  which 
coagulates  at  73°  C.    3.  An  albuminate  which  coagulates  at  47°  C. 

[Halliburton  finds,   however,   the  following  proteids  in  muscle-plasma. — 


Kame. 

Precipitated  by 
Heat  at 

Satiu'ation  with  NaCl  or  NiioSOj . 

Paramyosinogen,  . 

Myosinogen, 

Myoglobulin, 

Albumin,  .... 
Myoalbumose, 

47°  C. 

56' 

63° 

73° 
Not  i 

Causes  precipitation.  )  Proteids  whicli  go  to 
,,         \     form  muscle -clot. 

"         I    "          1      Proteids  of  the 
J             J  muscle-serum. 

Although  the  first  two  go  to  form  the  clot  of  muscle  or  myosin,  paramyosinogen  is 
not  essential  for  coagulation.  Besides  these  bodies  there  are  haemoglobin  and 
also  myo-haematin,  which  is  not  identical  with  the  blood-pigment.  It  can  be  ex- 
tracted by  ether  from  muscle  {e.g.,  the  breast  muscle  of  a  pigeon),  whereby  the  ether 
becomes  red.    It  can  exist  in  an  oxidised  and  reduced  condition  (MacAItcmi).] 

The  other  chemical  constituents  of  nmscle  have  been  referred  to  in  treating  of 
flesh  (§  233).  1.  Muscle-ferments. — Briicke  found  traces  of  pepsin  and  peptone 
in  muscle-juice,  [the  latter  is  denied  by  Halliburton];  Piotrowsky,  a  trace  of  a 
diastatic  ferment.  [When  muscle  becomes  acid,  as  in  rigor  mortis,  the  pepsin  at  a 
suitable  temperature  (35°  to  40°  C.)  acts  on  the  proteids,  and  albumoses  and  peptones 
are  formed.  Halliburton  found  a  my 0 sin-ferment  which  has  the  characters  of  an 
albumose.  2.  In  addition  to  volatile /a«y  acids  (formic,  acetic,  butyric),  there  are 
two  isomeric  forms  of  lactic  acid  (C.jH^O.j)  present  in  muscle  with  an  acid  reaction  : 
— (a)  Ethylidene-lactic  acid,  in  the  modification  known  as  right  rotatory  sarcolaclic 
or  paralactic  acid,  which  occurs  only  in  muscles,  and  some  other  animal  structures. 
(h)  Ethylene-lactic  acid  in  small  amount  (§  251,  3,  <•).  It  was  formerly  assumed 
that  lactic  acid  is  formed  by  fermentation  from  the  carbohydrates  of  the  muscle 
(glycogen,  dextrin,  sugar),  and  Maly  has  observed  that  paralactic  acid  is  occa- 
sionally formed  when  these  bodies  undergo  fermentation.    xVccording  to  Biihm, 
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however,  the  glycogen  of  muscle  does  not  pass  into  lactic  acid,  as  during  rigor 
mortis,  if  ijutiefaction  be  prevented,  the  amount  of  glycogen  does  not  diminish. 
If  muscle  be  suddenly  boiled  or  treated  with  strong  alcohol,  the  ferment  is  destroyed, 
and  hence  the  acidification  of  the  muscular  tissue  is  prevented  {Du  Bois-Reymond). 
Acid  potassium  phosphate  also  contributes  to  the  acid  reaction.  3.  Carnin 
(CyHgN^Og)  which  is  changed  by  bromine  or  nitric  acid  into  sarkin,  occurs  to  the 
extent  of  1  per  cent,  in  Liebig's  extract  of  meat  ( Weidel).  4.  Urea,  0"01  per  cent. 
{Ilaycraft).  [There  is  much  urea  in  the  muscles  of  the  skate.]  5.  Glycogen, 
occurs  to  the  amount  of  over  1  per  cent,  after  copious  flesh  feeding,  and  to  0*5 
per  cent,  during  fasting.  It  is  stored  up  in  the  muscles,  as  well  as  in  the  liver, 
during  digestion,  but  it  disappears  during  hunger.  It  is  perhaps  formed  in  the 
muscles  from  proteids  (§  174,  2).  6.  Lecithin,  derived  in  part  from  the  motor 
nerve-endings  (§  23  and  §  251),  7.  The  gases  are  COo  (15  to  18  vol.  per  cent.), 
partly  absorbed,  partly  chemically  united  ;  some  absorbed  N,  but  no  0,  although 
muscle  continually  absorbs  O  from  the  blood  passing  through  it  {L.  Hermann). 
The  muscles  contain  a  substance  whose  decomposition  yields  CO.,.  When  muscles 
are  exercised,  this  substance  is  used  up,  so  that  severely  fatigued  muscles  yield 
less  CO.,  {Stinzing).    [All  muscles  have  not  the  same  chemical  composition.] 

294.  METABOLISM  IN  MUSCLE.— [In  living  muscle  we  have  to  study  the 
transformations  of  energy,  and  the  chemical  changes  on  which  these  depend.  But 
as  we  cannot  examine  the  chemical  changes  which  occur  during  a  contraction,  we 
are  confined  to  a  study  of  (1)  the  composition  of  a  muscle  before  and  after  contrac- 
tion, and  (2)  the  effect  of  contraction  on  the  medium  surrounding  or  passing  through 
a  muscle.  We  may  observe  the  effect  produced  by  a  muscle  upon  air  or  other 
gases  to  which  an  excised  muscle  is  exposed,  or  we  may  investigate  the  changes 
which  the  blood  undergoes  in  passing  through  a  muscle,  and  if  the  muscle  be  still 
in  situ,  the  effect  upon  the  general  excreta.  These  methods  may  be  applied  to 
muscle  in  various  conditions,  passive  or  active,  dead  or  dying,  to  excised  muscles 
or  those  still  under  normal  circumstances.] 

I.  A  passive  muscle  continually  absorbs  a  certain  amount  of  O  from  the  blood 
flowing  through  its  capillaries,  and  returns  a  certain  amount  of  CO.,  to  the  blood- 
stream. The  amount  of  COg  given  off  is  less  than  corresponds  to  the  amount  of  O 
absorbed.  Excised  muscles  freed  from  blood  exhibit  an  analogous  but  diminished 
gaseous  exchange.  As  an  excised  muscle  remains  longer  excitable  in  O  or  in  air 
than  in  an  atmosphere  free  from  O,  or  in  indifferent  gases,  we  must  conclude  that  the 
above-named  gaseous  exchange  is  connected  with  the  normal  metabolism,  and  is 
a  condition  on  which  the  life  and  activity  of  the  muscle  depend.  [Resting 
living  muscles  also  exhale  COg.] 

If  a  living  iniLscle  be  excised,  and  if  blood  be  perfused  through  its  blood-vessels,  the  amount 
of  0  used  up  is,  within,  pretty  wide  limits,  almost  independent  of  temperature  ;  if  the  variations 
of  temperature  be  great,  it  rises  and  falls  with  the  temperature.  The  CO.,  given  off  by  muscular 
tissue  (less  than  the  0  used  up)  falls  when  the  muscle  is  cooled,  but  it  "is  not  increased  when 
the  nuiscle  is  subsequently  warmed  (liiibner). 

This  exchange  of  gases  must  be  distinguished  from  the  putrefactive  phenomena  due  to  the 
development  of  living  organisms  in  the  muscle.  These  putrefactive  phenomena  are  also  con- 
nected with  the  consumption  of  0  and  the  excretion  of  CO^,  and  occur  soon  after  death  [L. 
Hermann). 

II.  In  an  active  muscle  the  blood-vessels  are  always  dilated  ( Ludwig  and 
Sczelkov),  Gaskell)—di  condition  pointing  to  a  more  lively  material  exchange  in  the 
organ.  [The  dilatation  of  the  blood-vessels  can  be  observed  microscopically  in  the 
contracting  mylo-hyoid  muscle  of  the  frog.]  Hence,  the  active  muscle  is  distin- 
guished from  the  passive  one  by  a  series  of  chemical  transformations. 

1.  Reaction.— The  neutral  or  feebly  alkaline  reaction  of  a  passive  muscle  (also  ' 
of  the  non-striped  variety)  passes  into  an  acid  reaction  during  the  activity  of  the 
muscle,  owing  to  the  formation  of  paralactic  acid  {Du  Bois-Reymond,  1859) ;  the 
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degree  of  acidity  increases  up  to  a  certain  extent,  according  to  the  amount  of  work 
performed  by  the  muscle  (E.  Hndniltnin).  The  acidification  is  due,  according  to 
Weyl  and  Zeitler,  to  the  phosphoric  acid  produced  by  the  decomposition  of  lecitliiu 
and  (?  nuclein). 

It  is  doubtful  if  the  acidity  is  due  to  lactic  acid,  as  Warren  and  Astascliewsky  tiiid  that 
there  is  less  lactic  acid  iu  the  active  than  in  the  passive  muscle.  iMarcuse,  however,  supports 
the  lactic  acid  tlieoi y,  while  iMoleschott  and  Battistini,  agree  that  the  passive  uuiscle  contains 
acid,  but  the  fati-  ued  uuiscle  contains  more,  especially  of  phasphoric  acid  and  QO... 

2.  Production  of  CO.,. — An  active  muscle  excretes  considerably  more  COo  than 
a  passive  one  :—('/)  active  muscular  exertion  on  the  part  of  a  man  or  of  animals 
increases  the  amount  of  CO.,  given  off  l)y  the  lungs  (§  127)  ;  {h)  venous  blood  flow- 
ing from  a  tetanised  muscle'of  a  limb  contains  more  COo,  more  CO.^  being  formed 
than  corresponds  to  the  O,  which  has  simultaneously  been  absorbed"  {Ludw%<i  and 
Sczelkotv).  The  same  result  is  obtained  when  blood  is  passed  through  an  excised 
muscle  artificially  ;  {<-)  an  exci.sed  muscle  caused  to  contract  excretes  more  CO.,. 
(Compare  .^^  368.) 

3.  Consumption  of  Oxygen. — An  active  muscle  uses  up  more  0—{a)  when 
more  muscular  work  is  done,  the  body  absorbs  much  more  0  217) — even  4  to  5 
times  as  much  {Rcrpiault  and  Heiset)  ;  (b)  venous  blood  flowing  from  an  active 
muscle  of  a  limb  contains  less  O  {Ludu'ig,  Srzelkow,  and  Al.  Schmidt).  Neverthe- 
less, the  increase  of  O  used  up  by  the  active  muscle  is  not  so  great  as  the  amount 
of  CO.3  given  off  {i:  Pettenkofer  and  v.  Voit).  The  increase  of  O  used  up  may  be 
ascertained  even  during  the  period  of  rest  directly  following  the  period  of  activity, 
and  the  same  is  the  case  with  the  CO.,  excreted  {v.  Frey). 

As  yet,  it  is  not  possible  to  prove  by  gasonietric  methods,  that  O  is  used  up  in 
an  excised  muscle  free  from  blood.  Indeed,  the  presence  of  O  does  not  seem  to 
be  absolutely  nece.ssary  for  the  activity  of  muscle  during  short  periods,  as  an 
excised  muscle  may  continue  to  contract  in  a  vacuum,  or  in  a  mixture  of  gases 
free  from  O,  and  no  O  can  be  obtained  from  muscular  ti.^sue  {L.  Hermann).  A 
frog's  muscles  rob  easily  reducible  substances  of  their  O  ;  they  discharge  the  colour 
of  a  solution  of  indigo ;  muscles  which  have  rested  for  a  time,  acting  less 
energetically  than  those  which  have  been  kept  in  a  state  of  continued  activity 
(Griitzner,  Gsrheidhn). 

4.  Glycogen.— The  amount  of  glycogen  (0'43  per  cent,  in  the  muscles  of  a  frog 
or  rabbit)  and  grape-sugar  is  diminished  in  an  active  muscle  {0.  JS^asse,  IFeiss),  but 
muscles  devoid  of  glycogen  do  not  lose  their  excitability  and  contractility.  Hence, 
glycogen  is  certainly  not  the  direct  source  of  the  energy  in  an  active  muscle. 
Perhaps  it  is  to  be  sought  for  in  an  as  yet  unknown  decomposition-product  of 
glycogen  {Lurhsiwjer).  [There  is  more  glycogen  in  the  red  than  in  the  pale 
muscles  of  a  rabbit.] 

5.  Extractives. — An  active  muscle  contains  le.ss  extractive  substances  soluble  in 
water,  but  more  extractives  soluble  in  alcohol  {v.  Hidmkolti,  1845);  it  also 
contains  less  of  the  substances  which  form  CO.,  {Ranke) ;  less  fatty  acids 
{Sczelkotc) ;  less  kreatin  and  kreatinin  [v.  Voit). 

6.  During  contraction,  the  amount  of  water  in  the  muscular  tissue  increases, 
while  that  of  the  blood  is  correspondingly  diminished  (./.  Ranke).  The  solid 
substances  of  the  blood  are  increased,  while  they  (albumin)  are  diminished  in  the 
lymph  (Fano). 

7.  Urea. — The  amount  of  urea  excreted  from  the  body  is  not  materially 
increased  during  muscular  exertion  (v.  Voit,  Fick  and  Wislkenus).  According  to 
Parkes,  however,  although  the  excretion  of  urea  is  not  increased  immediately,  yet 
after  1  to  li  day  there  is  a  slight  increase.  The  amount  of  work  done  cannot  be 
determined  from  the  amount  of  albumin  which  is  changed  into  urea. 

[Eelation  of  Muscular  Work  to  Urea.— Ed.  Smith,  Parkes,  and  others  have  made  numerous 
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investigations  on  this  subject.  Tick  and  "VVislicenus  (1866)  ascended  the  Faulhorn,  and  for 
seventeen  hours  before  and  for  six  hours  after  the  ascent  no  j)roteid  food  was  taken — the  diet 
consisting  of  cakes  made  of  fat,  sugar,  and  starch.  Tlie  urine  was  collected  in  three  periods,  as 
follows : — 


Kick. 

W'islicenus. 

- 

1.  Urea  of  11  hours  before  the  ascent, 

2.  ,,        8     ,,  during 

3.  ,,        6     ,,  after 

238-55  grs. 
109-44 
80-33  ,, 

189-77 

221  -05  grs. 

12S:!q  "  !  183-35 

A  hearty  meal  was  taken  after  this  period,  and  the  urine  of  the  next  eleven  hours  after  the 
period  of  rest  contained  159-15  grains  of  urea  (Fick),  and  176-71  (  Wislicenus).  All  the  experi- 
ments go  to  show  that  the  amount  of  urea  excreted  in  the  urine  is  far  more  dependent  upon  the 
nitrogen  ingested,  i.e.,  the  nature  of  the  food,  tlian  upon  the  decomposition  of  the  muscular 
substance.  A  vegetable  diet  diminishes,  while  an  animal  diet  greatly  increases,  the  amount  of 
urea  in  the  urine.  North's  researches  confirm  those  of  Parkes,  but  he  finds  that  the  disturbance 
j)roduced  by  severe  muscular  labour  is  considerable.  The  elimination  of  phosphates  is  not 
affected,  while  the  sulphates  in  the  urine  are  increased.] 

During  the  activity  of  a  muscle,  all  the  groups  of  the  chemical  substances 
present  in  muscle  undergo  more  rapid  transformations  {J.  Ranke).  It  is  still  a 
matter  of  doubt,  therefore,  Avhether  we  may  assume  that  the  kinetic  energy  of  a 
muscle  is  chiefly  due  to  the  transformation  of  the  chemical  energy  of  the 
carbohydrates  which  are  decomposed  or  used  up  in  the  process  of  contraction.  As 
yet  we  do  not  know  whether  the  glycogen  is  supplied  by  the  blood-stream  to  the 
muscles,  perhaps  from  the  liver,  or  whether  it  is  formed  within  the  muscles 
themselves  from  some  unknown  derivative  of  the  proteids.  The  normal  circulation 
is  certainly  one  of  the  conditions  for  the  formation  of  glycogen  in  muscle,  as 
glycogen  diminishes  after  ligature  of  the  blood-vessels  {Chandehm).  A  muscle  in 
which  the  blood  circulates  freely  is  capable  of  doing  more  work  than  one  devoid  of 
blood,  and  even  in  the  intact  body,  more  blood  is  always  supplied  to  the  contracted 
mu.scles. 

[Source  of  Muscular  Energy. — The  experiment  of  Tick  and  Wislicenus 
definitely  proved  that  the  proteids  are  not  the  exclusive,  or  by  any  means  the 
chief  source  of  muscular  energy.  As  it  is  conclusively  proved,  that  during 
muscular  work,  there  is  a  great  increase  in  the  amount  of  O  absorbed,  and  COg 
given  off,  it  is  evident  that  the  non-nitrogenous  substances  of  the  food  must  be 
the  chief  sources  of  this  energy.  We  turn  naturally  to  the  carbohydrates,  and  as 
the  latter  are  chiefly  stored  up  in  the  form  of  glycogen  in  the  muscles,  it  is 
assumed  that  glycogen  is  the  chief  source  of  the  energy.  Glycogen  in  muscle 
diminishes  during  muscular  work,  and  is  stored  up  during  rest  {Bernard).  Kiilz 
also  found  that  in  dogs  the  glycogen  disappears  from  the  liver  during  work,  and 
Voit  found  that  the  muscle-glycogen  disappears  before  that  in  the  liver.  It 
appears,  therefore,  that  the  carbohydrates  are  a  source  of  muscular  energy.  But 
they,  again,  are  not  the  only  source.  It  is  highly  probable  that  glycogen  can  be 
formed  from  proteids,  and  it  is  allowable,  therefore,  to  assume  that  proteids  may 
also  serve  as  a  source  of  muscular  energy.  If  this  be  not  so,  it  is  difficult  to 
understand  how  carnivora  can  be  fed  and  maintained  in  good  health  for  long 
periods  on  lean  flesh.  The  fats  are  probably  also  another  source.  Hence,  it  would 
appear  that  all  three  of  the  chief  groups  of  food-stuffs— carbohydrates,  proteids, 
and  fats— ?«ay  serve  as  the  source  of  muscular  energy ;  but  that,  so  long  as  non- 
nitrogenous  elements  are  supplied  in  the  food  in  sufficient  quantity,  or  are  stored 
up  in  the  body,  the  muscles  do  their  work  chiefly  ou  these.  After  they  are  used  up, 
the  proteids  are,  as  it  were,  called  up.] 

295.  RIGOR  MORTIS.— Cause.— Excised  striped,  or  smooth  muscles,  and 
also  the  muscles  of  an  intact  body,  at  a  certain  time  after  death,  pass  into  a 
condition  of  rigidity— cadaveric  rigidity  or  rigor  mortis.    When  all  the  muscles 
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of  a  corpse  are  thus  affected,  the  whole  cadaver  becomes  completely  stiff"  or  rigid. 
The  cause  of  this  phenomenon  depends  i\])on  the  spontaneous  coagulation  of  a 
proteid,  viz.,  the  myosin  of  the  muscular  fibres  {Kil/mt).  Under  certain  circum- 
stances, the  coagulation  of  the  other  proteids  of  the  muscle  may  increase  the 
rigidity.  During  the  process  of  coagulation,  an  acid  is  formed,  heat  is  set  free 
(r.  Walther,  Fit:k—%  223),  owing  to  the  i^assage  of  the  fluid  myosin  into  the  solid 
condition,  and  also  to  the  simultaneous  and  subsequently  increased  density  of  the 
tissue. 

Properties  of  a  Muscle  in  Rigor  Mortis.— It  is  shorter,  thicker,  and  somewhat 
denser  {Srhmulewitsch) ;  stiff",  compact,  and  solid  ;  turbid  and  opaque  (owing  to 
the  coagulation  of  the  myosin)  ;  incompletely  elastic,  less  extensible,  and  more 
easily  torn  or  ruptured ;  it  is  completely  inexcicable  to  stimuli ;  the  muscular 
electrical  current  is  abolished,  (or  there  is  a  slight  current  in  the  opposite  direction); 
its  reaction  is  add,  owing  to  the  formation  of  both  forms  of  lactic  acid  (§  293), 
glycero-phosphoric  acid  [Diakanow) ;  while  it  also  develops  free  CO.,.  When 
an  incision  is  made  into  a  rigid  muscle,  a  fluid,  the  muscle-serum',  appears 
spontaneously  in  the  w^ound  (§  293). 

The  first  formed  lactic  acid  converts  the  salts  of  the  nmscle  into  acid  salts  ;  thus,  potassium 
lactate  and  acid  potassium  phosjihate  arc  formed  from  potassium  phosphate.  The  lactic  acid, 
which  is  formed  thcreaftor,  remains  free  and  ununited  iu  the  muscle. 

Amoimt  of  Glycogen. — Tlie  newest  observations  of  Biihm  are  against  the  view  that,  during 
rigor  mortis,  a  partial  or  complete  transformation  of  the  glycogen  into  sugar  and  then  into 
lactic  acid  takes  place.  During  digestion,  a  temporary  storage  of  glycogen  occurs  in  the  muscles 
as  well  as  in  the  liver,  so  that  about  as  much  is  found  in  the  muscles  as  in  the  liver.  There 
is  no  diminution  of  the  glycogen  when  rigidity  takes  place,  provided  putrefaction  be  prevented  ; 
so  that  the  lactic  acid  of  rigid  muscles  ctnniot  be  formed  from  glycogen,  but  more  probably  it 
is  formed  from  the  decomposition  of  the  albuminates  {Dcmant,  BoJua). 

The  amount  of  acid  does  not  vary,  whether  the  rigidity  occurs  rapidly  or  slowly  {J.  Eanke)  ; 
when  aciditication  begins,  the  rigidity  becomes  more  marked,  owing  to  the  coagulation  of  the 
alkali-albuminate  of  the  muscle.  Less  CO^  is  formed  from  a  rigid  muscle,  the  more  CO.j  it  has 
given  off  previou.sly,  during  muscular  exertion.  A  rigid  muscle  gives  off  N,  and  absorbs  0.  In 
a  cadaveric  rigid  muscle,  fibrin-ferment  is  ]ireseut  {Al.  Schmidt  and  others).  It  seems  to  be  a 
product  of  protoplasm,  and  is  never  absent  where  this  occurs  {Eav.schcnbach).  [The  myosin- 
ferment  seems  not  to  be  identical  with  the  fibrin-ferment  {\\  463).] 

[Rigor  Mortis  and  Coagulation  of  Blood. — Thus,  there  is  a  marked  analogy 
between  the  coa^julation  of  the  blood  and  that  of  muscle.  In  both  fluid 
body  yields  a  solid  body,  fibrin  from  blood,  and  myosin  from  muscle  ;  the  coagula- 
tion of  blood  is  prevented  by  neutral  salts,  and  so  is  the  coagulation  of  myosin ; 
dilution  of  the  salted  plasma  produces  coagulation  in  both  cases  ;  and  perhaps  the 
coagulation  in  both  is  due  to  the  action  of  a  ferment,  the  one  the  fibrin-ferment 
the  other  the  myosin-ferment.  There  are,  however,  points  of  difference,  for 
myosin  can  be  dissolved,  reprecipitated,  and  coagulated  several  times,  while  fibrin 
does  not  undergo  recoagulation  ;  the  formation  of  myosin  from  myosinogen,  again, 
is  accompanied  by  the  development  of  an  acid,  whereas  that  of  fibrin  from 
fibrinogen  is  not ;  further,  the  formation  of  myosin  is  not  accompanied  by  the 
formation  of  another  globulin,  whereas  that  of  fibrin  from  fibrinogen  is.] 

Stages  of  Rigidity. — Two  stages  are  recognisable  in  cadaveric  muscles  : — In 
the  first  stage,  the  muscle  is  rigid,  but  still  excitable  ;  in  this  stage  the  myosin 
seems  to  be  in  a  jelly-like  condition.  Restitution  is  still  possible  during  this  stage. 
In  the  second  stage,  the  rigidity  is  well  pronounced,  with  all  the  phenomena 
above  mentioned. 

The  onset  of  the  rigidity  varies  in  man  from  ten  minutes  to  seven  hours  [but  as 
a  rule  it  is  complete  within  four  to  six  hours  after  death.  The  muscles  of  the  jaws 
are  first  affected,  then  those  of  the  neck  and  trunk,  afterwards  (as  a  rule)  the 
lower  limbs,  and  finally  the  upper  limbs].  Its  duration  is  equally  variable— one 
to  six  days.    After  the  cadaveric  rigidity  has  disappeared,  the  muscles,  owing  to 
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further  clecoinpositions  and  an  alkaline  reaction,  become  soft,  and  the  rigidity  dis- 
appears (Xi/steii).  The  onset  of  the  rigidity  is  always  preceded  by  a  loss  of  nervous 
activity.  Hence,  the  muscles  of  the  head  and  neck  are  lirst  affected,  and  the  other 
muscles  in  a  descending  series  (§  352).  Disai)pearance  of  the  rigidity  occurs  first  iu 
the  muscles  lirst  affected  {Xysten).  Great  muscular  activity  before  death  {e.ff.,  spasms 
of  tetanus,  cholera,  strychnin,  or  opium  poisoning)  causes  rapid  and  intense  rigidity; 
hence,  the  heart  becoines  rigid  relatively  rapidly,  and  strongly.  Hunted  animals 
may  become  affected  within  a  few  minutes  after  death.  Usually  the  rigidity  lasts 
longer  the  later  it  occurs.  Eigidity  does  not  occur  in  a  foetus  before  the  seventh 
month.  A  frog's  muscle  cooled  to  0'  C.  does  not  begin  to  exhibit  cadaveric 
rigidity  for  four  to  seven  days. 

Stenson's  Experiment. — The  amount  of  blood  in  a  muscle  has  a  marked  effect 
upon  the  onset  of  the  rigidity.  Ligature  of  the  muscular  arteries  causes  at  first  in 
all  mammals  an  increase  of  the  muscular  excitability,  and  then  a  rapid  fall  of  the 
excitability  (Schmulewitsch)  ;  thereafter  stiffness  occurs,  the  one  stage  following 
closely  upon  the  other  {Simmmtrdam,  JS'k.  Sfenson,  1667).  [If  the  ligature  be 
reinxjved  in  the  first  stage,  the  muscle  recovers,  but  in  the  later  stages  the  rigidity 
is  permanent.]  If  the  artery  going  to  a  muscle  be  ligatured,  Stannius  observed 
that  the  excitability  of  the  motor  nerves  disappeared  after  an  hour,  that  of  the 
muscular  substance  after  four  to  five  hours,  and  then  cadaveric  rigidity  set  in. 

Pathological. — When  the  blood-vessels  of  a  muscle  are  occluded,  by  coagulation  taking 
place  within  them,  rigidity  of  the  muscles  is  produced  (§  102).  True  cadaveric  rigidity  may  be 
produced  by  too  tight  bandaging ;  the  muscles  are  paralysed,  rigid,  and  break  up  into  flakes, 
while  the  contents  of  the  fibre  are  afterwards  absorbed  {E.  Volkmann).  Occlusion  of  the  blood- 
vessels of  muscles  by  infarcts,  especially  iu  persons  with  atheromatous  arteries,  may  even  cause 
necrosis  of  the  muscles  implicated  {Fincli,  (rirandcau). 

If  the  circulation  be  re-established  during  the  first  stage  of  the  rigidity,  the 
muscle  soon  recovers  its  excitability  {Stannius).  When  the  second  stage  has  set 
in,  restitution  is  impossible  {Kilhne).  In  cold-blooded  animals,  cadaveric  rigidity 
does  not  occur  for  several  days  after  ligaturing  the  blood-vessels.  Brown-Sequard, 
by  injecting  fresh  oxygenated  blood  into  the  blood-vessels,  succeeded  in  restoring  the 
excitability  of  the  muscles  of  a  human  cadaver  four  hours  after  death,  i.e.,  during 
the  first  stage  of  cadaveric  rigidity.  Ludwig  and  Al.  Schmidt  found  that  the  onset 
of  cadaveric  rigidity  was  greatly  retarded  in  excised  muscles,  when  arterial  blood 
was  passed  through  their  blood-vessels.  Blood  deprived  of  its  O  did  not  produce 
this  effect.  Cadaveric  rigidity  occurs  relatively  early  after  severe  haimorrhage.  If 
a  weak  alkaline  fluid  be  perfused  through  the  blood-vessels  of  the  dead  muscles 
of  a  frog,  cadaveric  rigidity  is  prevented  (Schipilof). 

Section  of  Nerves. — Preliminary  section  of  the  motor  nerves  causes  a  later 
onset  of  the  rigidity  in  the  corresponding  muscles  {Brou'ii-Se>iuard,  Heiueke).  [The 
same  result  occurs  after  a  hemi-section  of  the  spinal  cord  or  after  removal  of  one 
cerebral  hemisphere  {Jherfreuud}.]  In  fishes,  whose  medulla  oblongata  is  suddenly 
destroyed,  cadaveric  rigidity  occurs  much  more  slowly  than  in  those  animals  that 
die  slowly  (B/ane). 

[Other  Influences. — Rigidity  begins  much  later  in  the  red  (11  to  15  hours)  than  iu  pale  muscles 
(1  to  3  hours  post-mortem)  ;  tlie  rigor  is  complete  in  the  white  muscles  in  10  to  14  hours,  in 
the  red  in  .52  to  58  liours.  The  extent  of  shortening  due  to  the  rigor  is  2  to  2h  times  as  great 
as  in  the  white.  In  both  muscles  the  resolution  of  the  rigor  begins  12  to  IS'hours  after  the 
comi)letion  of  the  rigidity,  so  that  the  red  muscles  are  not  completely  rigid  before  the  other 
muscles  appear  to  have  ]iassed  from  a  state  of  rigidity.  Temperature  has  a  marked  ett'ect,  but  it 
acts  more  on  the  resolution  than  on  the  onset  of  the  rigor.  At  60°  C.  the  onset  bcins  almost 
at  once,  and  is  complete  in  a  few  nunutes  {Bicr/reund).  Ether  and  chloroform  injected  into  the 
blood-vessels  cause  almost  instantaneous  rigor  {K^issmMd).'\ 

Eigidity  may  be  produced  artificially  by  various  reagents  : — 
1.  Heat  ["  Heat-stiffening"]  causes  the  myosin  to  coagulate  at  40"  C.  in  cold- 
blooded animals,  in  birds  about  53°  C,  and  in  mammals  "at  48°  to  50°  C.  The 
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protoplasm  of  plants  and  animals,  e.g.,  of  the  amcoba,  is  coagulated  by  heat,  giving 
rise  to  Jieat  rigor. 

Sohmulewitsch  found  that  the  longer  a  muscle  had  been  excised  from  the  body,  the  greater 
was  the  heat  required  to  produce  stiffening.  Heat-stitfening  difi'er.s  from  cadaveric  rigidity 
thus  :— a  13  per  cent,  .solution  of  ammonium  chloride  dissolves  out  the  myosin  from  a  cadaveric 
rigid  muscle,  but  not  from  one  rendered  rigid  by  heat  [ScJiipiloff).  if  the  rigid  cadaveric 
muscles  of  a  frog  be  heated,  another  proteid  coaguhites  at  45°,  and  lastly  at  lb"  the  serum- 
albumin  itself.    Hence,  both  processes  together  make  the  muscle  more  rigid  (§  295). 

2.  When  a  muscle  is  saturated  with  distilled  water,  it  produces  "  water- 

stiflFening  " — an  acid  reaction  being  developed  at  the  same  time. 

Muscles  rendered  stiff  by  water  still  exhibit  electromotive  phenojuena,  while  muscles 
rendered  rigid  by  other  means  do  not  (Bicdcrmann).  If  the  upper  limb  of  a  frog  be  ligatured, 
deprived  of  its  skin,  and  dipjicd  in  warm  water,  it  becomes  rigid.  If  the  ligature  be  removed 
and  the  circulation  re-established,  the  rigidity  may  be  partially  set  aside.  '  If  there  be  well- 
marked  rigidity,  it  can  only  be  set  aside  by  placing' the  limb  in  a  10  per  cent,  solution  of  com- 
mon salt,  which  dissolves  the  coagulum  of  myosin  {Prcijcr). 

3.  Acids,  even  CO.,,  rapidly  produce  "  acid-stiffening,"  which  is  probably 
different  from  ordinary  stiffening,  as  such  muscles  do  not  evolve  any  free  CO., 
{L.  Hermann).  The  injection  of  0*1  to  0"2  per  cent,  solutions  of  lactic  or  hydro- 
chloric acid  into  the  muscles  of  a  frog  produces  stiffening  at  once,  which  may  be 
set  aside  by  injecting  0'5  per  cent,  solution  of  an  acid,  or  by  a  solution  of  soda,  or 
by  15  per  cent,  solution  of  ammonium  chloride.  The  acids  form  a  compound  with 
myosin  (Schipilof). 

4.  Freezing  and  thawing  a  part  alternately,  rapidly  produce  stiffening  ;  and  it 
is  aided  by  mechanical  injuries. 

Poisons. — Rigor  mortis  is  favoured  by  quinine,  caffein,  digitalin,  [a  concentrated  solution  of 
catfeiu  or  digitalin,  applied  to  the  muscle  of  a  frog,  produces  rigor  mortis],  veratrin,  hydrocyanic 
acid,  ether,  chloroform,  the  oils  of  mustard,  fennel,  and  aniseed  ;  direct  contact  of  muscular 
tissue  with  potassium  sulphocyanide  (JJcrnnrd,  Setschenow),  ammonia,  alcohol,  and  metallic  salts. 

Position  of  the  Body. — The  attitude  of  the  body  during  cadaveric  rigidity  is  generally  that 
occupied  at  death  ;  the  position  of  the  limbs  is  the  result  of  the  varying  tensions  of  the  different 
muscles.  During  the  occurrence  of  rigor  mortis,  a  limb,  or  more  frequently  the  arm  and  fingers, 
may  move  {Sommer).  Thus,  if  stiffening  occurs  rapidly  and  firmly  in  certain  groups  of  muscles, 
this  may  produce  movements,  as  is  sometimes  seen  in  cholera.  If  cadaveric  rigidity  occurs  very 
rapidly,  the  body  may  occupy  the  same  position  which  it  did  at  the  moment  of  death,  as  some- 
times "happens  on  tlie  battle-field.  In  these  cases  it  does  not  seem  that  a  contracted  condition 
of  the  muscle  passes  at  once  into  rigor  mortis  ;  but  between  these  two  conditions,  according  to 
Briicke,  there  is  always  a  very  short  relaxation. 

Muscles  which  have  been  ]")lunged  into  boiling  water  do  not  undergo  rigor  mortis,  neither  do 
they  become  acid  {Dti  Bois-Ilci/mond),  nor  evolve  free  C0._,  {L.  Hcrviaan). 

Work  done  during  Rigidity. — A  muscle  in  the  act  of  becoming  stiff  will  lift  a  weight,  but 
the  height  to  which  it  is  lifted  is  greater  with  small  weights,  less  with  heavier  weights,  than 
when  a^living  muscle  is  stimulated  with  a  maximal  stimulus. 

Analogy  between  Contraction  and  Rigidity. — L.  Hermann  has  drawn  attention 
to  the  analogy  which  exists  between  a  nuiscle  in  a  state  of  contraction  and  one  in 
a  state  of  cadaveric  rigidity — both  evolve  CO.^  and  the  other  acids  from  the  same 
source ;  [both  acts  take  place  without  the  consumption  of  O].  The  form  of  the 
contracted  and  of  the  stiffened  muscles  is  shorter  and  thicker;  both  are  denser,  less 
elastic,  and  evolve  heat  ;  in  both  cases,  the  muscular  contents  behave  negatively 
as  regards  their  electromotive  force,  in  reference  to  the  unaltered,  living,  resting 
substance.  Hence,  he  is  inclined  to  regard  a  muscular  contraction  as  a  temporary, 
physiological,  rapidly  disappearing  rigor,  Eigor  mortis  is  in  a  certain  sense  the 
last  flickering  act  of  a  living  muscle,  [and  he  regards  contraction  as  partial 
death  of  a  muscle.  But  this  is  no  explanation,  and  moreover  there  are  important 
points  of  difference.  We  have  no  proof  of  a  coagulum  being  formed  during  con- 
traction, while  the  extensibility  is  increased  during  contraction  and  much  diminished 
during  rigor.] 

Disappearance  of  Rigidity.— When  rigor  mortis  passes  off,  there  is  a  consider- 
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able  amount  of  acid  formed  in  the  muscle,  which  dissolves  the  coagulated  myosin. 
After  a  time  putrefaction  sets  in,  accompanied  by  the  presence  of  micro  organisms 
and  the  evolution  of  ammonia  and  putrefactive  gases  (H.^S,  N,  CO., — §  184). 
[Hermann  and  Birerfreund  attach  much  importance  to  the  resolution  of  rigor 
mortis  independently  of  putrefaction.] 

Accoiiliiif,'  to  Onimus,  the  loss  of  excitability  which  precedes  the  onset  of  vigor  mortis  occurs 
in  tlie  Ibllouiiig  order  in  man  :— left  ventricle,  stomach,  intestine  (55  minutes);  urinary  bladder, 
right  ventricle  (60  min.);  iris  (105  min.);  muscles  of  face  and  tongue  (180  min.);  the  extensors 
of  the  extremities  (about  one  hour  before  the  flexors);  the  muscles  of  the  trunk  (five  to  six 
hours).    The  cesophagus  remains  excitable  for  a  long  time  (§  325). 

296.  MUSCULAR  EXCITABILITY.— By  the  term  excitability  or  irrita- 
bility of  a  muscle,  is  meant  that  property  of  a  muscle  in  virtue  of  which  it  responds 
to  stimuli,  at  the  same  time  becoming  shorter  and  correspondingly  thicker.  The 
condition  of  excitement  is  the  active  condition  of  a  muscle  produced  by  the  applica- 
tion of  stimuli,  and  is  usually  indicated  by  the  act  of  contraction.  Stimuli  are 
simply  various  forms  of  energy,  and  they  throw  the  muscle  into  a  state  of  excite- 
ment, while  at  the  moment  of  activity  the  chemical  energy  of  the  muscle  is  trans- 
formed into  work  and  heat,  so  that  stimuli  act  as  "  liberating  "  or  "discharging 
forces."  [These  "  discharging  forces  "  may  themselves  be  very  feeble,  but  they 
are  capable  of  causing  the  manifestation  of  the  transformation  of  a  large  amount 
of  energy.]  The  normal  temperature  of  the  body  is  most  favourable  for  main- 
taining the  normal  muscular  excitability  ;  the  excitability  varies  as  the  tempera- 
ture rises  or  falls. 

As  long  as  the  blood-stream  within  a  muscle  is  uninterrupted,  the  first  effect 
of  stimulation  of  a  muscle  is  to  increase  its  energising  power,  partly  because  the 
circulation  is  more  lively  and  the  blood-vessels  are  dilated,  but  after  a  time,  the 
energising  power  is  diminished.  Even  in  excised  muscles,  especially  when  the 
large  nerve-trunks  have  already  lost  their  excitability,  the  excitability  is  increased 
after  a  stimulus,  so  that  the  application  of  a  series  of  stimuli  of  the  same  strength 
causes  a  series  of  contractions  which  are  greater  than  at  first  (Wimdt).  Hence, 
we  account  for  the  fact  that,  although  the  first  feeble  stimulus  may  be  unable  to 
discharge  a  contraction,  the  second  may,  because  the  first  one  has  increased  the 
muscular  excitability  (Fick). 

Effects  of  Cold. — If  the  muscles  of  a  frog  or  tortoise  be  kept  in  a  cool  place,  thej'  may  remain 
excitable  for  ten  days,  while  the  muscles  of  warm-blooded  animals  cease  to  be  excitable  after 
one  and  a  half  to  two  and  a  half  hours.  (For  the  heart  see  §  55.)  A  muscle,  when  stimulated 
(Uvrcthj,  always  remains  excitable  for  a  longer  time  when  its  motor  nerve  is  already  dead. 

[Independent  Muscular  Excitability. — Since  the  time  of  Albrecht  v.  Haller,  and 
R.  Whytt,  physiologists  have  ascribed  to  muscle  a  condition  of  excitability  which 
is  entirely  independent  of  the  existence  of  motor  nerves,  but  is  dependent  on  certain 
constituents  of  the  sarcous  substance.  Excitability,  or  the  property  of  responding 
to  a  stimulus,  is  a  widely  distributed  function  of  protoplasm  or  its  modifications. 
A  colourless  blood-corpuscle  or  an  amoeba  is  excitable,  and  so  are  secretory  and 
nerve-cells.  In  the  first  case,  the  application  of  a  stimulus  results  in  motion  in 
an  indefinite  direction,  in  the  second  in  the  formation  of  a  secretion,  and  in  the 
third  in  the  discharge  of  nerve-energy.  In  the  case  of  muscle,  a  stimulus  causes 
movement  in  a  definite  direction,  called  a  contraction,  and  depending  on  the  con- 
tractility of  the  sarcous  substance.  There  are  many  considerations  which  show,  that 
excitability  is  iitdependent  of  the  nervous  sysfevi,  although  in  the  higher  animals, 
nerves  are  the  usual  medium  through  which  the  excitability  is  brought  into  action! 
Plants  however  are  excitable,  and  they  contain  no  nerves.] 

Numerous  experiments  attest  the  " independent  excitability "  of  muscle:  1. 

There  are  chemical  stimuli,  which  do  not  cause  movement  when  applied  to  motor 
nerves,  but  do  so  when  they  are  applied  directly  to  muscle  ;  ammonia,  lime  water, 
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carbolic  acid.  2.  The  ends  of  the  sartorius  of  the  frog,  in  which  no  nerve-tenuina- 
tions  are  observable  by  means  of  the  microscope,  contract  when  they  are  stimulated 
directly  {Kiihne).  3.  Curara  paralyses  the  extremities  of  the  motor  nerves,  while 
the  muscles  themselves  remain  excitable  {CL  Bernanl,  Kolliker).  The  action  of 
cold,  or  arrest  of  the  blood  suppl?/  in  an  animal,  abolishes  the  excitability  of  the 
nerves,  but  not  of  the  muscles  at  the  same  time.  4.  After  section  of  its  nerve,  a 
muscle  still  re^mains  excitable,  even  after  the  nerves  have  undergone  fatty  degenera- 
tion (Brown-S''quard,  Bidder).  5.  Sometimes  electrical  stimuli  act  only  upon  the 
nerves  and  not  upon  the  muscle  itself  (Briicke).  [6.  The  foetal  heart  contracts 
rhythmically  before  any  nervous  structures  are  discoverable  in  it.] 

[The  Action  of  Curara.— Cumra,  woorali,  urari,  or  Indian  arrow  poison  of  South  America,  is 
the  inspissated  juice  of  the  Strychnos  crevanxi.  A  watery  e.xtraet  of  the  drug,  when  injected 
under  the  skin  or  into  the  blood  of  an  animal,  acts  chietiy  upon  the  motor  nerve-endings,  and 
does  not  atVect  the  inuscuhu'  contractility.  An  active  substance,  curarin,  has  been  isolated 
troni  it  (p.  474).  Poison  a  frog  by  injecting  a  few  milligranuiics  into  the  dorsal  lymph-sac.  In 
H  few  minutes  after  the  poison  is  absorbed,  the  animal  ceases  to  support  itself  on  its  fore-limbs; 
it  lies  flat  on  the  table,  its  limbs  are  paralysed,  and  so  are  the  respiratory  movements  in  the 
throat.  When  completely  under  the  action  of  the  poison,  the  frog  lies  iii  any  position,  limp 
and  motionless,  neither  exhibiting  voluntary  nor  reflex  movements.  If  the  brain  be  destroyed 
and  the  skin  removed,  on  faradising  the  sciatic  nerve,  no  contraction  of  the  muscles  of  the  hind- 
limb  occurs,  but  it  the  electrical  stimulus  be  applied  directly  to  the  muscles,  they  contract, 
thus  proving  that  curara  poisons  the  motor  connections  and  not  the  muscles.  If  the  dose  be 
not  too  large,  the  heart  still  continues  to  beat,  and  the  vaso-motor  nerves  remain  active.] 

[Methods. — (1)  Local  Application. — Bernard  took  two  nerve-muscle  prepara- 
tions, put  some  solution  of  curara  into  two  watch-glasses,  and  dipped  the  nerve 
into  one  glass  and  the  muscle  of  the  other  preparation 
into  the  other  glass.  The  curara  penetrated  into  both 
preparations,  and  he  found,  on  stimulating  the  nerve 
which  had  been  steeped  in  curara,  that  its  muscle  still 
contracted,  so  that  the  curara  had  not  acted  on  the  motor 
nerve-fibres ;  while  stimulation  of  the  nerve  of  the  other 
preparation  produced  no  contraction,  although  the  corre- 
sponding muscle  contracted.  In  the  latter  case,  the  curara 
had  penetrated  into  the  muscle  and  affected  the  intra- 
muscular portions  of  the  nerve.] 

[(2)  But  it  is  the  terminal  or  intra-muscular  portions 
of  the  nerves,  not  the  nerve-trunk,  which  are  paralysed. 
Ligature  the  sciatic  artery,  or,  better  still,  tie  all  the 
parts  of  the  hind-limb  of  a  frog,  except  the  sciatic  nerve, 
at  the  upper  part  of  a  thigh  (fig.  315).  Inject  curara 
into  the  dorsal  lymph-sac.  The  poisoned  blood  will,  of 
course,  circulate  in  every  part  of  the  body  except  the 
ligatured  limb.  The  shaded  parts  are  traversed  by  the 
poison.  The  animal  can  still,  at  a  certain  stage  of  the 
poisoning,  pull  up  the  non-poisoned  limb,  while  it  cannot  F^g  with  «^''jtic  arteiy 
move  the  poisoned  one.  At  this  time,  although  poisoned  ^..j^i^  afterent  and  eflerent 
blood  has  circulated  in  the  sacral  and  intra-abdominal  nerves;  P.,  poisoned, N.P. , 
parts  of  the  nerves,  yet  they  are  not  paralysed,  so  that  non-poisoned  leg ;  M,  gas- 
the  poison  does  not  act  on  this  part  of  the  trunk  of  the  trocnemius  muscles, 
nerve.  But  we  can  show  that  it  does  not  act  on  any  part  of  the  extra-muscular 
trunk  of  the  nerve.  This  is  done  by  ligaturing  the  arteries  going  to  the  gastrocnem- 
ius muscle,  and  then  poisoning  the  animal.  On  stitnulating  the  nerve  on  the 
ligatured  side,  the  gastrocnemius  of  that  side  contracts,  although  the  whole  length 
ol  the  nerve-trunk  was  supplied  by  poisoned  blood.  Therefore,  it  is  the  mtra- 
mttscidar  terminations  of  the  nerves  which  are  acted  on.] 


Fig.  315. 
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[By  means  of  the  following  arrangement  we  may  prove  that  the  terminal  parts 
of  the  nerve  are  paralysed.    Ligature  the  sciatic  artery  of  one  leg  of  a  frog,  and 

then  inject  ciirara  into  a  lymph-sac.  After  the 
animal  is  fully  poisoned,  expose  the  sciatic 
nerve  in  both  legs,  leaving  all  the  muscles 
below  the  knee-joint,  then  clean  and  divide 
the  femur  at  its  middle.  Pin  a  straw  flag  to 
each  limb,  and  fix  both  femora  in  a  clamp, 
with  the  gastrocnemii  uppermost,  as  in  fig. 
316.  Place  the  two  nerves,  N,  on  electrodes 
attached  to  two  wires  coming  from  a  com- 
mutator, C  (fig.  310).  From  the  opposite 
binding  screws  of  the  commutator,  two  wires 
pass  to  the  gastrocnemii.  The  other  two 
binding  screws  of  the  commutator  are  con- 
nected with  the  secondary  coil  of  an  induction 
machine  330).  The  bridge  of  the  com- 
mutator can  be  turned  so  as  to  pass  the  current 
either  through  both  muscles  or  both  nerves — 
the  latter  is  the  case  in  the  diagram  (H). 
When  both  nerves  are  stimulated,  only  the  non- 
poisoned  leg  (NP)  contracts.  Reverse  the  com- 
^.^  mutator,  and  pass  the  current  through  hotk 

.  ,,      °'      '      .      ,         nivsdes,  when  both  contract^ 
Scheme  of  the  eurava  expenraeiit.     •t')      t>        i         «■  j- 

battery;  I,  primary,  11,  secondary  [Rosenthal  s  Modification. —Pull  the  secondary  coil 
spiral  ;  N,  nerves ;  F,  clamp  ;  NP,  ^''i'  away  Irom  the  primary,  ami  pass  the  current 
uoii-poisoned  leg  ;  P,  poisoned  leg  ;  through  both  muscles.  Gradually  approximate  the 
C,  commutator  ;  K,  key.  secondary  to  the  primary  coil,  and  in  doing  so,  it  will 

be  found  that  the  non-poisoned  leg  contracts  first, 
but  on  continuing  to  push  up  tlie  secondary  coil,  both  litnbs  contract.    Tims,  the  pnisnned  liml> 


B 
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Fig.  317. 
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Fig.  317.— Curve  showing  the  excitability  in  the  sartorius  of  a  frog  in  a  normal  and  curarised 
muscle.  Fig.  318.— Distribution  of  nerves  in  the  sartorius  of  a  frog  and  the  curve  of  ex- 
citability in  different  parts  of  the  muscle,  i.e.,  the  excitability  is  greatest  where  there  are 
most  nerve-endings. 

<loes  not  respond  to  so  feeble  a  faradic  stimulus  as  the  non-poisoned  one,  a  result  which  is  not 
due  to  the  action  of  tlie  curura  on  the  excitability  of  the  muscle.     The  non-poisoned  limb 
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rcspoiuls  to  a  feebler  stimulus  because  its  motor  nerve  terminations  are  not  paralysed,  while  the 
poisoned  leg  does  not  do  so,  because  tiie  motor  terminations  are  jjaralysed.  A  feebler  induced 
shock  suttiees  to  cause  a  niusclc  to  contract  when  it  is  applied  to  the  nerve,  than  when  it  is 
applied  to  the  muscle  itself  directly.     In  large  doses,  curara  also  alfects  the  spinal  cord  (p.  474).] 

[On  what  structures  does  curara  act  .'—These  experiments  prove  that  curara  does  not 
paralyse  the  motor  nerve-trunks,  nor  the  muscular  fibres,  and  that  it  acts  on  the  motor  termin- 
ations within  the  muscles,  but  they  do  not  enable  us  to  state  the  precise  ])avt  of  the  nerve-ending 
so  affected.  It  may  act  on  (1)  the  nerve  just  before  it  pierces  the  sarcolemma,  (2)  the  sub-lemmar 
axis-cyhnder,  (3)  the  end-plates,  (4)  the  terminal  branches  or  spray.  Kiihne  and  Pollitzer 
have  made  it  probable  that,  even  when  a  muscle  is  tlioroughly  imi)regiiated  witli  curara,  some 
of  the  nervous  apparatus  is  unattected.  The  sartoiius  is  most  excitable  where  there  are  most 
nerves  (fig.  318),  and  even  in  a  muscle  profoundly  poisoned  with  curara,  the  distribution  of 
excitability  varies  with  the  number  of  nerves  in  the  several  parts  of  the  mu.scle  (tig.  317)  ju.st 
as  in  a  normal  muscle,  with  this  difference,  that  the  excitability  of  all  tiie  parts  of  the  muscle 
containing  nerves  is  less  than  normal.  That  this  variation  in  excitability  is  due  to  nervous 
structures,  is  shown  by  using  a  polarising  anelectrotonic  current  (S  335),  whicli  depresses  the 
excitability  of  nerve-hbres,  and  then  this  ditierence  of  excitability  disappears,  the  curve  of  ex- 
citability running  parallel  with  the  abscissa,  so  that  the  difference  does  not  seem  to  be  due 
to  purely  muscular  causes.] 

[Pollitzer,  speculating  as  to  which  part  of  the  terminal  nerve  is  affected,  supposes  that  all 
parts  beyond  the  last  node  of  Ranvier  retain  their  functions,  and  he  supposes  that  it  is  not  the 
axis-cylinders  themselves,  but  the  cement  at  the  nodes,  on  which  the  drug  exerts  its  specific 
action.] 

Neuro-MusciUar  Cells. — Even  in  the  lower  animals,  e.;/.,  Hydra  and  Medusjc,  there  are  uni- 
cellular structures  called  ncuro-miisailar  cells,"  in  which  the  nervous  and  muscular  sub- 
stances are  represented  in  the  same  cell  [Kleincnhcrg  and  Einicr).  [The  outer  part  of  these 
cells  is  adapted  for  the  action  of  stimuli,  and  corresponds  to  the  nervous  receptive  organ,  while 
the  inner  deeper  part  is  contractile,  and  is  the  representative  of  the  muscular  part.] 

Muscular  Stimuli. — Various  stimuli  cause  a  muscle  to  contract,  either  by 

acting  upon  its  motor  nerve,  or  upon  the  muscular  substance  itself      324).  [The 

former  is  called  indirect  stimulation,  the  latter  direct  stimulation.] 

1.  Under  ordinary  circumstances,  the  normal  stimulus  exciting  a  muscle  to 
contract  is  the  nerve  impulse  which  passes  along  a  nerve,  but  its  exact  nature  is 
unknown. 

2.  Chemical  Stimuli. — All  chemical  substances  which  alter  the  chemical  com- 
position of  a  muscle  with  sufficient  rapidity,  act  as  musmlar  stimuli.  Mineral 
acids  (HCl  0"1  per  cent.),  acetic  and  oxalic  acids,  the  salts  of  iron,  zinc,  copper, 
silvei",  and  lead,  bile,  all  act  in  weak  solutions  as  muscular  stimuli ;  they  act  upon 
the  motor  nerve  only  when  they  are  more  concentrated.  Lactic  acid  and  glycerin, 
when  concentrated,  excite  only  the  nerve ;  when  dilute,  only  the  muscle.  [The 
lower  end  of  the  sartorius,  which  contains  no  nerves,  may  be  dipped  into  glycerin, 
and  it  will  not  contract,  bixt  if  it  be  dipped  deeper  to  where  there  are  nerve- 
endings,  it  will  contract  at  once.]  Neutral  alkaline  salts  act  equally  upon  nerve 
and  muscle ;  alcohol  and  ether  act  on  both  very  feebly.  When  water  is  injected 
into  the  blood-vessels,  it  causes  fibrillar  muscular  contractions  (v.  Wittich),  while  a 
0-6  per  cent,  solution  of  NaCl  may  be  pa.ssed  through  a  nuiscle  for  days  without 
causing  contraction  {Kolliker,  0.  Nasiie).  [Carslaw,  under  Ludwig's  direction, 
however,  found  that  solutions  containing  0-5  to  0'2  per  cent.  NaCl,  when  perfused 
through  the  muscles  of  a  frog,  excite  many  short,  powerful  attacks  of  tetanus, 
separated  from  each  other  by  periods  of  rest.  Solutions  containing  0*5  to  07  per 
cent.  NaCI,  i.e.,  so-called  "  indifferent  Huids  "  or  "  normal  saline,"  are  not  without 
influence,  but  of  all  known  saline  solutions,  they  injure  a  nerve-muscle  preparation 
least.  Solutious  of  1  to  2  per  cent,  rapidly  kill  the  muscle.]  Acids,  alkalies,  and 
extract  of  flesh  diminish  the  muscular  excitability,  while  the  muscular  stimuli, 
in  small  doses,  increase  it  {Ranke).  Gases  and  vajxmrs  stimulate  muscle;  they 
cause  either  a  siiuple  contraction  (e.g.,  HCl),  or  at  once  permanent  contraction  or 
contracture  (e.g.,  CI).  Long  exposure  to  the  gas  causes  rigidity.  The  vapour  of 
bisulphide  of  carbon  stimulates  only  the  nerves,  while  most  va[)ours  (e.g.,  HCl)  kill 
without  exciting  thein  [Kukne  and  Jani). 
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Method  —III  making  experiments  upon  the  chemical  stimulation  of  muscle,  it  is  inadvisable 
to  <lii)  the  transverse  section  of  the  muscle  into  the  solution  of  the  chemical  reagent  {Hering). 
The  chemical  stimulus  ought  to  bo  applied  in  solution  to  a  limited  ])ortion  of  the  uninjured 
surface  of  the  muscle  ;  after  a  few  seconds,  we  obtain  a  contraction  or  fibrillar  twitchmgs  ot  tne 
suporlicial  muscular  layers  {Ilrriiig).  , 

[Rhythmical  Contraction. —Wliile  rhytlimical  contractions  are  very  niarKcd  in  smooth  nniscle, 
(especially  if  it  is  stretched  or  subjected  to  considerable  internal  pressure,  as  in  the  hollow 
viscera),  e.(j.,  the  intestine,  uterus,  ureter,  blood-vessels,  and  also  in  the  striped  but  involuntary 
cardiac  musculature  (§  f.8),  tliey  are  not,  as  a  rule,  very  common  in  striped  voluntary  muscle. 
Chemical  stimuli  are  particularly  etfective  in  producing  them.]  If  the  sartonus  of  a  curarised 
frog  be  dipped  into  a  solution  composed  of  5  grins.  NaCl,  2  grms.  alkaline  sodium  ]ihosphate, 
and  0-5  grm.  sodium  carbonate  in  1  litre  of  water,  at  10°  C,  the  muscle  contracts  rhythnucaUy, 
and  may  do  so  for  several  days,  especially  with  a  low  temperature  (Biedcrmann).  This  recalls 
the  rhythmical  contraction  of  the  heart.  [Kiihne  found  a  similar  result.  The  rhythm  is 
arrested  by  lactic  acid  and  restored  by  an  alkaline  solution  of  KaCL]  Rhythmical  movements 
may  also  be  induced  in  the  sartorius  (frog),  by  the  combined  action  of  a  dilute  solution  of  sodic 
carbonate  and  an  ascending  constant  electrical  current.  Compare  also  the  action  of  a  constant 
current  on  the  heart  (§  58). 

3.  Thermal  Stimuli. — If  an  excised  frog's  muscle  be  rapidly  heated  to  28°  C,  a 
gradually  increasing  contraction  occurs,  which,  at  30°  C,  is  more  pronounced,^ 
reaching  its  maximum  at  45°  C.  If  the  temperature  be  raised,  "  he  at- stiffening  " 
rapidly  ensues.  The  smooth  muscles  of  warm-blooded  animals  also  contract  when 
they  are  warmed,  but  those  of  cold-blooded  animals  are  elongated  by  heat  (Oinoi' 
harjen).  If  a  frog's  muscle  be  cooled  to  0°,  it  is  very  excitable  to  mechanical 
stimuli  {Griinhagen) ;  it  is  even  excited  by  a  temperature  under  0°  {Eckhard). 

01.  Bernard  observed  that  the  muscles  of  animals,  artiticially  cooled,  remained  excitable  many 
hours  after  death  (§  225).  Heat  causes  the  excitability  to  disappear  rapidly,  but  increases  it 
temporarily. 

4.  Mechanical  Stimuli. — ^Every  kind  of  sudden  mechanical  stimulus,  provided 
it  be  applied  with  sufhcient  rapidity  to  a  muscle  (and  also  to  a  nerve),  causes  a 
contraction.  If  stimuli  of  sufficient  intensity  be  repeated  with  sufficient  rapidity, 
tetanus  is  produced.  Strong  local  stimulation  causes  a  weal-like,  long-continued 
contraction  at  the  part  stimulated  (§  297,  3,  a).  Moderate  tension  of  a  muscle 
increases  its  excitability. 

5.  Electrical  Stimuli  will  be  referred  to  when  treating  of  the  stimulation  of 
nerve  (§  324). 

Other  Actions  of  Curara. — When  it  is  injected  into  a  frog,  eitlier  into  the  blood  or  sub- 
cutaneously,  it  causes  at  tiist  ])aralysis  of  the  intra-muscular  ends  of  the  motor  nerves  (p.  471), 
while  the  muscles  themselves  remain  excitable.    The  sensory  nerves,  the  central  nervous  system, 
viscera,  heart,  intestine,  and  the  blood-vessels  are  not  affected  at  first  [CI.  Bernard,  Kollikcr). 
[If  the  skin  be  stimulated,  the  frog  pulls  up  the  ligatured  leg  reflexly,  although  the  other  leg 
remains  quiescent ;  this  shows  that  the  sensoiy  nerve  and  nerve-centres  are  still  intact ;  but 
when  the  action  of  the  drug  is  fully  develo[)ed,  no  amount  of  stimulation  of  the  skin  or  the 
posterior  roots  of  the  nerves  will  give  rise  to  a  reflex  act,  although  the  motor  nerve  of  the 
ligatured  limb  is  known  to  be  excitalde  ;  hence,  it  is  probable  that  the  nerve-centres  in  the  cord 
themselves  are  ultimately  affected.    If  the  dose  be  very  large,  the  heart  and  blood-vessels  are 
affected.]    In  warm-blooded  animals,  death  takes  place  by  asphyxia,  owing  to  paralysis  of  tln^ 
diaphragm,  but  of  course  there  are  no  spasms.    In  frogs,  where  the  skin  is  the  most  important 
respiratory  organ,  if  a  suitable  dose  be  injected  subcutaneously,  the  animal  may  remain  motion- 
less for  days  and  yet  recover,  the  poison  being  eliminated  by  the  urine  [Kuhnc).    If  the  dose 
be  large,  the  inhibitory  fibres  of  the  vagus  may  be  paralysed.    In  electrical  fishes,  the  sensory 
nerves,  and  in  frogs,  the  lymph-hearts  are  paralysed.    A  dose  sufficient  to  kill  a  frog,  when  in- 
jected under  its  skin,  will  not  do  .so  if  administered  by  the  moutb,  because  the  poison  seems  to 
be  eliminated  as  rapidly  by  the  kidneys  as  it  is  absorbed  from  the  gastric  mucous  membrane. 
For  the  same  reason  the  flesh  of  an  animal  killed  by  curara  is  not  poisonous  when  eaten.  If, 
however,  the  ureters  be  tied,  the  poison  collects  in  the  blood,  and  poisoning  takes  place 
{L.Hermann).    [In  this  case  the  mammal  may  exhibit  convulsions.    Why?    Curara  paralyses 
the  respiratory  nerves,  so  that  asphyxia  is  produced  from  the  venosity  of  the  blood.    It  affects 
the  respiratory  nerve-endings  before  those  in  the  muscles  generally,  so  that  when  the  venous 
blood  stimulates  the  nerve-centres,  the  partially  affected  muscles  respond  by  convulsions.  Other 
narcotics  may  excite  convulsions  indirectly  by  inducing  a  venous  condition  of  the  blood,  while 
the  motor  centres,  nerves,  and  muscles  are  still  unattected.]    Large  doses,  however,  poison  uu- 
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injured  animals  even  when  given  by  tlie  mouth.  The  nerves  and  muscles  of  poisoned  animals 
e.xhibit  considerable  electromotive  force.  [For  the  ettect  of  curara  on  Ivmiih-forniation 
(§  199,  6).] 

Atropin  appears  to  be  a  specific  poison  for  smooth  muscular  tissue,  but  different  muscles  are 
differently  alfectod  {Szjnlmann,  Luchsingcr).  [This  is  doubtful.  A  small  quantity  of  atropin 
seems  to  affect  the  motor  nerves  of  smooth  muscle  in  the  same  way  that  curara  does  those  of 
striped  muscle ;  we  must  remember,  however,  that  there  are  no  end-plates  proj^er  in  the  former, 
so  that  the  link  between  the  nerve-fibrils  and  the  contractile  substance  is  probably  different  in 
the  two  cases.  It  is  well  known  that  the  amount  of  striped  and  smooth  muscle  varies  in  the 
oesophagus  in  different  animals.  Szpilmanu  and  Luchsinger  found  that,  after  the  action  of 
atropin,  stimulation  of  the  peripheral  end  of  the  vagus  will  still  cause  contraction  of  the  striped 
muscular  fibres  in  the  cesophagus,  but  not  of  the  smooth  fibres,  although  both  forms  of  muscular 
ti-ssue  respond  to  direct  stimulation.] 

After  section  of  the  motor  nerve  of  a  muscle,  the  excitability  undergoes  remarkable  changes; 
after  three  to  four  days  the  excitability  of  the  paralysed  muscle  is  diminislied,  botii  for  direct 
and  indirect  stimuli  (p.  473) ;  this  condition  is  followed  by  a  stage,  during  which  a  constant 
curi'ent  is  more  active  than  normal,  while  iuiluced  currents  are  scarcely  or  not  at  all  eHective 
(§  339,  I.).  The  excitability  to  mechanical  stimuli  is  also  increased.  The  increased  excitability 
occurs  until  about  the  seventh  week;  it  gradually  dimiuishej  until  it  is  abolished  towards  the 
sixth  to  the  seventh  month.  Fatty  degeneration  begins  in  tlic  second  week  after  section  of  the 
motor  nerve,  and  goes  on  until  there  is  cpmplete  muscular  atrophj'.  Immediately  after  section 
of  the  sciatic  nerve,  Schmulewitsch  found  that  the  excitability  of  the  muscles  supplied  by  it 
was  increased. 

297.  CHANGES  IN  A  MUSCLE  DURING  CONTRACTION.— I.  Macro- 
scopic Phenomena. — 1.  When  a  muscle  contracts,  it  becomes  shorter  and  at  the 
same  time  correspondingly  thicker. 

The  degree  of  contraction,  which  in  very  excitable  frogs  may  be  65  to  85  per  cent.  (72  per 
cent,  mean)  of  the  total  length  of  the  muscle,  depends  upon  various  conditions  : — («)  Up  to  a 
certain  point,  increasing  the  strength  of  the  stimulus  causes  a  greater  degree  of  contraction  ; 
(6)  as  the  muscular  fatigue  increases,  i.e.,  after  continued  vigorous  exertion,  the  stimulus 
remaining  the  same,  the  extent  of  contraction  is  diminished  ;  (c)  the  temperature  of  the  sur- 
roundings has  a  certain  eflect.  The  extent  of  the  contraction  is  increased  in  a  frog's  muscle — 
the  strength  of  stimulus  and  degree  of  fatigue  remaining  the  same — when  it  is  heated  to 
33°  C.  If  the  temperature  be  increased  above  this  point,  the  degree  of  contraction  is  diminished 
{Schimilewitsch). 

2.  The  volume  of  a  contracted  muscle  is  slightly  diminished  {Sioammeydain,  f 
1680).  Hence,  the  specific  gravity  of  a  contracted  muscle  is  slightly  increased, 
the  ratio  to  the  non-contracted  muscle  being  1062  :  1061  {Valentin)  ;  the  diminu- 
tion in  volume  is,  however,  only  yTyVo'  although  this  has  recently  been  denied  by 
J.  Evvald. 

Methods. — {a)  Erman  placed  portions  of  the  body  of  a  live  eel  in  a  glass-vessel  filled  with  an 
indifferent  fluid.  A  narrow  tube  communicated  with  the  glass-vessel,  and  the  fluid  rose  in  the 
tube  to  a  certain  level.  As  soon  as  the  muscles  of  the  eel  were  caused  to  contract,  the  fluid  in 
the  index-tube  sank.  (/-')  Landois  demonstrates  tliC  decrease  in  volume  by  means  of  a  mano- 
metric  flame.  The  cylindrical  vessel  containing  the  muscle  is  provided  with  two  electrodes 
fixed  into  it  in  an  air-tight  manner.  The  interior  of  the  vessel  communicates  with  the  gas 
supply,  while  there  is  a  small  narrow  exit-tube  for  the  gas,  which  is  lighted.  Every  time  the 
muscle  contracts,  the  flame  diminishes.  The  same  experiment  may  be  performed  with  a  con- 
tracting heart, 

3.  Total  and  Partial  Contraction. — Normally,  all  stimuli  applied  to  a  muscle  or 
its  motor  nerve  cause  contraction  in  all  its  muscular  fibres.  Thus,  the  muscle  con- 
ducts the  state  of  excitement  to  all  its  parts.  Under  certain  circumstances,  how- 
ever, this  is  not  the  case,  viz.  : — (a)  when  the  muscle  is  greatly^  fatigued,  or  when 
it  is  about  to  die,  violent  ynechanical  stimuli,  as  a  vigorous  tap  with  the  finger  or  a 
percussion  hammer  (and  also  chemical  or  electrical  stimuli),  cause  a  localised  con- 
traction of  the  muscular  fibres.  This  is  Schiff's  "  idio-muscular  contraction."  The 
same  phenomenon  is  exhibited  by  the  muscles  of  a  healthy  man,  when  the  blunt 
edge  of  an  instrument  is  drawn  transversely  over  the  direction  of  the  muscular 
fibres,  {b)  Under  certain  as  yet  but  imperfectly  known  conditions,  a  muscle  ex- 
hibits so-called  fibrillar  contractions,  i.e.,  short  contractions  occur  alternately  in 
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different  bundles  of  muscular  fibres.  This  is  the  case  in  the  muscles  of  the  tongue, 
after  section  of  the  hypoglossal  nerve ;  and  in  the  muscles  of  the  face,  after  section 
of  the  facial  nerve. 

[In  some  phthisical  patients  there  is  marked  muscular  excitability,  so  that  if  the  pectoral 
muscle  be  percussed,  a  local  contraction— idio-muscular — occurs,  either  confined  to  the  spot,  or 
two  waves  mav  proceed  outwards  and  return  to  the  spot  struck.] 

Cause  of  Fibrillar  Contraction.— According  to  Bleuler  and  Lehmann,  section  of  the  hypo- 
glossal nerve  in  rabbits  is  followed  by  fibrillar  contractions  after  sixty  to  eighty  hours  ;  these 
contractions  may  continue  for  months,  even  when  the  divided  nerve  has  healed  and  is  stimu- 
lated above  the  cicatrix  so  as  to  produce  movements  in  the  corresponding  half  of  the  tongue. 
Stimulation  of  the  lingual  nerve  increases  the  fibrillar  contractions  or  arrests  them.  This  nerve 
contains  vaso-dilator  fibres  derived  from  the  chorda  tympani.  Schiti'  is  of  opinion  that  the 
increased  blood-stream  through  the  organ  is  the  cause  of  the  contractions.  Sig.  Mayer  found 
that,  bv  compressing  the  carotids  and  subclavian,  and  again  removing  the  pressure  so  as  to  per- 
mit free  circulation,  the  muscles  of  tlie  face  contracted.  Section  of  the  motor  nerves  of  the 
face  did  not  abolish  the  phenomenon,  but  compression  of  the  arteries  did.  The  cause  of  the 
phenomenon,  therefore,  .seems  to  lie  within  the  muscles  themselves.  This  phenomenon  may 
be  compared  to  the  paralytic  secretion  of  saliva  and  pancreatic  juice  which  follows  section  of  the 
nerves  going  to  these  glands  (pp.  214,  2.58).  Similar  fibrillar  contractions  occur  in  man  under 
pathological  conditions,  but  they  may  also  occur  without  any  signs  of  pathological  disturbance. 
[Fibrillar  contractions,  due  to  a  central  cause,  occur  in  monkeys  after  excision  of  the  thyroid 
gland  (§  103,  III.).  Some  drugs  cause  fibrillar  muscular  contractions,  e.g.,  aconitin,  guanidin, 
nicotin,  pilocarpin,  but  physostigmin  produces  them  in  warm-blooded  animals  (not  in  frogs). 
According  to  Brunton  these  drugs  probably  act  by  irritating  the  motor  nerve -endings,  as  the 
contractions  are  gradually  abolished  by  curara.] 

II.  Microscopic  Phenomena. — 1.  Single  muscular  fihrillse,  exhibit  the  same 
phenomena  as  an  entire  muscle,  in  that  they  contract  and  become  thicker.  2. 
There  is  great  difficulty  in  observing  the  changes  that  occur  in  the  individual  parts 
of  a  muscular  fibre  during  the  act  of  contraction.  This  much  is  certain,  that  the 
muscular  elements  become  shorter  and  broader  during  contraction,  and  that  the 
transverse  strife  approach  nearer  to  each  other  {Boivman,  1840).  3.  There  is  great 
difference  of  opinion  as  to  the  behaviour  of  the  doubly  refractive 
(anisotropous)  and  the  singly  refractive  media.  j 

Engelmann's  View. — Fig.  319,  1,  on  the  left  represents  a  passive  mus- 
cular element — from  c  to  d  is  the  doubly  refractive  contractile  substance,  S 
with  the  median  disc,  a,  b,  in  it  ;  /(.  and  (j  are  the  lateral  discs.  Besides  C 
these,  in  each  of  the  singly  refractive  discs  there  is  a  clear  disc — "  secondary  ^ 
disc"/ and  c,  which  is  only  slightly  doubly  refractive.  This  occurs  only  g 
in  the  muscles  of  insects.  Fig.  1,  on  the  ritjJit,  shows  the  same  element  in 
iiolarised  light,  whereby  the  middle 
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area  of  the  element,  as  far  as  the  con- 
tractile substance  proper  extends, 
is,  owing  to  its  double  refraction, 
bright  ;  while  the  other  part  of  the 
muscular  element,  owing  to  its  being 
singly  refractive,  is  black.  Fig. 
319,  2,  is  the  transition  stage,  and 
3  the  proper  stage  of  contraction  of 
the  muscular  element.  In  both 
cases,  the  figures  on  the  left  are 
viewed  in  ordinary  light,  and  on  the 
right,  in  polarised  light.  During 

contraction  (fig.  319,  3),  the  singly  m      •  .  i    •  i         .  u.- 

refractive  disc  becoines  as  a  whole  Th.e  nncroscopic  appearances  during  a  muscular  contraction 
more  refractive,  the  doubly  refractive  null vidual  elements  of  the  hbrilla^    1,2,3  (after 

less  so.    Consequently,  a  fibre  at  a  ;  4,  5  (after  Mcrkel). 


Fig.  319. 


certain  degree  of  contraction  (2),  when  viewed  in  ordinary  light,  may  appear  homogeneous  and 
but  slightly  striped  transversely  =  C/ic  homogeneous  or  transition  stage.  During  a  greater  degree 
of  contraction  (3),  very  dark  transverse  stripes  reappear,  corresponding  to  the  singly  refractive 
discs.  At  every  stage  of  the  contraction,  as  well  as  in  the  transition  stage,  the  singly  and 
doubly  refractive  discs  are  sharply  defined,  and  are  recognised  by  the  polariscope  as  regular 
alternating  layers  (in  1,  2,  and  3  on  the  right).  These  do  not  change  places  during  the  con- 
traction.   The  height  of  both  discs  is  diminished  during  contraction,  but  the  singly  refractive 
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do  so  more  rapidly  tliau  the  doubly  refractive  discs.  The  total  voluiue  of  each  element 
does  not  undergo  any  appreciable  alteration  in  volume  during  the  contraction.  Hence,  the 
doubly  refractive  discs  increase  in  volume  at  the  expense  of  the  singly  refractive.  From  this 
it  is  concluded  that,  during  the  contraction,  Huid  jjasses  from  the'singly  refractive  into  the 
doubly  refractive  discs  ;  the  former  shrink,  the  latter  swell. 

Merkel's  view  is  partially  ditlerent.  In  fig.  319,  4,  are  two  muscular  elements  at  rest  ;  in  (5), 
two  in  a  state  of  coutraction,  after  Merkel.  "  The  grey  punctuated  areas  are  the  dor.bly  refrac- 
tive substance,  c,  the  median  disc.  According  to  Merkel,  during  contraction  the  r/rtvX' substance 
lying  in  the  middle  of  the  element  changes  its  i)osition— either  in  part  or  as  a  whole  ;  it  leaves 
the  middle  of  the  element  (the  two  surfaces  of  Henson's  median  discs,  4,  c),  and  places  itself 
at  the  lateral  discs,  5  at  e  and  d,  while  the  clear  substance  leaves  the  lateral  disc,  4,  e  and  d, 
and  api)lies  itself  to  both  surfaces  of  the  median  disc,  5,  c.  The  clear  substance  of  the  isotrop- 
ous  discs  is  fluid,  and  plays  a  more  passive  role  ;  during  contraction  it  is  in  ])art  absorbed  by 
the  dark  substance  which  thus  swells  up.  This  mutual  exchange  of  place  of  the  substances  is 
accompanied  by  an  intermediate  "stage  of  dissolution,"  in  which  the  whole  contents  of  the 
element  appear  equally  homogeneous,  in  which,  therefore,  the  fluid  singly  refractive  substance 
has  uniformly  penetrated  the  doubly  refractive  substance.  At  this  moment  only  the  lateral 
discs  are  still  visible. 

[If  a  living  pjortion  of  an  insect's  muscle  be  examined  in  its  own  juice,  contraction-waves 
may  be  seen  to  pass  over  the  fibres.  AVhen  a  contraction-wave  passes  over  part  of  the  fibres, 
the  discs  become  shorter  and  broader  ;  at  th(!  same  time,  in  the  fully  contracted  part,  the  dim 
disc  appears  lighter  than  the  centre  of  the  light  disc.  There  is  said  to  be  a  "  reversal  of  the 
stripes  "  from  what  obtains  in  a  passive  muscle.  Before  this  stage  is  reached,  there  is  an  inter- 
mediate stage  where  the  two  bands  are  almost  uniform  in  appearance] 

Methods. — These  phenomena  are  best  observed  by  "fixing"  the  different  stages  of  rest  or 
coutraction,  by  suddenly  plunging  the  muscular  fibrillw  of  insect's  muscles  into  alcohol  or 
osmic  acid,  which  coagulates  the  muscle-substance.  The  actual  contraction  may  be  observed 
under  the  microscope  in  the  transparent  parts  of  the  larv;e  of  insects. 

Spectrum. — A  thin  muscle,  e.g.,  the  sartorius  of  the  frog,  when  placed_ directly  behind  a 
narrow  slit  running  at  right  angles  to  the  course  of  the  fibres. 
When  the  muscle  contracts,  as  by 


me- 
chanical stimulation,  the  spectrum 
broadens,  a  proof  that  the  interspaces  of 
the  transverse  stripes  become  narrower 
{Hajivicj'). 

298.  MTJSCULAR  CON- 
TRACTION. —  Methods.  —  In 

order  to  determine  the  duration 
of  each  phase  of  a  muscular  con- 
traction, myographs  of  various 
forms  are  used. 

V.  Helmholtz's  Myograph  is  shown 
in  fig.  320.  A  muscle,  M — say  the 
gastrocnemius  of  a  frog  attached  to  the 
femur — is  fixed  by  the  femur  in  a  clamp, 
K ;  its  lower  end  is  attached  to  a  mov- 
able lever  carrying  a  scale-pan  and 
weight,  W,  the  weight  being  varied  at 
pleasure.  When  the  muscle  contracts, 
necessarily  it  raises  the  lever.  At  the 
free  end  of  the  lever  is  a  movable  style, 
F,  which  inscribes  its  movements  on  a 
revolving  cylinder  caused  to  rotate  at  a 
uniform  rate  by  means  of  clock-work. 
The  cylinder  is  covered  with  smoked 
enamelled  paper  in  the  flame  of  a  turpentine  lamp. 


yields  a  difFraction-spectrum. 

\)  K 


Scheme  of  v. 
in  a  clamp. 


Fig.  320. 

Helmholtz's  myograph.    M,  muscle  fixed 
K  ;  F,  writing  style  ;  P,  weight  or  counter- 
poise for  "the  lever  ;  W,  scale-pan  for  weights  ;  S,  S, 
supports  for  the  lever. 

When  the  muscle  contracts,  it  inscribes  a 
(,uive— the"  "  muscle-curve,"  or  "  myogram."  The  abscissa  of  the  curve  indicates  the  duration 
of  the  contraction,  but  of  course  the  rate  at  which  the  cylinder  is  moving  must  be  known.  The 
ordinates  represent  the  height  of  contraction  at  any  particular  part  of  the  curve. 

The  muscle-curve  may  be  inscribed  upon  a  smoked  glass  plate  attached  to  one  limb  of  a 
vibratinc  tuning-fork.  Such  a  curve  registers  the  time-units  in  all  its  parts.  Suppose  each 
vibration  of  the  tuning-fork  =  0-01613  second,  then  the  duration  of  any  part  of  such  a  curve  is 
obtained  by  counting  the  number  of  vibrations  and  multiplying  by  0-01613  second. 

[Fick's  Pendulum  Myograph.— A  board  fixed  to  the  wall  carries  a  heavy  iron  pendulum,  P, 
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PENDULUM  MYOGKAPH. 


whose  axis  A  A,  moves  on  friction  rollers  (fig.  321).  At  the  lower  swinging  end  are  two  glass 
nlates  G  and  G',  fixed  to  a  bearer,  T.  The  plates  can  be  adjusted  by  nieans^of  the  screw,  s  so 
that  sev-^ral  curves  can  be  written  one  above  the  other.  The  ]ilate,  G',  on  the  posterior  surface 
is  merely  a  compensator,  so  that,  when  G  is  elevated,  G'  is  lowered,  and  thus  the  duration  of  the 
oscillation  is  not  altered.  The  spring  catches,  H,  H,  which  can  be  turned  luwards  or  out- 
wards are  used  to  fix  tlie  pendulum  by  the  teeth,  a,  a,  when  it  is  drawn  to  one  side  ihe 
Dendu'luin  is  drawn  to  one  side  and  lixed,  a,  in  H,  so  that  when  H  is  pul  ed  down,  it  is  liberated 
^  and  swings  to  the  other  side,  where  it 

is  caught  by  H  at  the  opposite  side. 
In  the  improved  form,  the  catches,  H, 
are  made  to  slide  along  a  rod  like  the 
arc  of  a  circle,  so  that  the  length  of 
the  swing  can  be  varied.  As  the  pen- 
dulum swings  from  one  side  to  the 
other,  the  projecting  points,  a,  a,  knock 
over  the  contact  key,  b,  and  the  cur- 
rent is  opened  and  a  shock  transmitted 
to  the  muscle.  The  writing-lever  to 
which  the  muscle  is  attached  is  usually 
a  heavy  one,  and  a  style  writes  upon 
the  smoked  surface  of  the  glass.  Of 
course,  when  the  pendulum  swings,  it 
moves  with  unecjual  velocities  at  dif- 
erent  parts  of  its  course.] 

[When  using  the  pendulum  myo- 
graph to  study  a  muscular  contraction, 
arrange  it  as  in  tig.  322.  The  frog's 
muscle  is  attached  to  a  writing-lever, 
which  is  very  like  the  lever  in  tig.  321, 
while  the  style  inscribes  its  movements 
on  the  blackened  plate.] 

[The  ])enduluin  is  fixed  in  the  catch, 
C,  as  shown  iu  the  figure  ;  the  key, 
K',  is  closed  and  ])laced  in  the  primary 
circuit,  while  two  wires  from  the 
secondary  coil  of  an  induction  machine 
are  attached  to  the  muscle.  AVhen 
the  pendulum  swings,  the  projecting 
tooth,  S,  knocks  over  the  contact  at 
K',  and  breaks  the  primary  circuit, 
when  a  shock  is  instantly  transmitted 
through  the  muscle.  Before  stimu- 
lating, allow  the  pendulum  to  swing 
to  obtain  an  abscissa.  The  time  is 
recorded  by  a  vibrating  tuning-fork,  of 
known  rate  of  vibration,  connected 
with  a  Dupre's  electric  chronograph. 
Dupre's  chronograph  is  merely  a  small 
electro-magnet  with  a  fine  writing 
style  attached,  which  vibrates  when  it 
is  introduced  in  an  electrical  circuit, 
in  which  is  ])laced  a  vibrating  tuning- 
fork.  The  signal  vibrates  just  as  often 
as  the  tuning-fork.] 

[Du  Bois'  Spring  Myograph. — It 
consists  of  a  glass  plate  fixed  in  a 
frame,  and  moving  on  two  polished 
323).    At  &  is  a  spring  which,  when  it 


Fig.  321. 


Fick'.s  ])endulum  myograph,  as  improved  by  v.  Helm- 
holtz  {j\  natural  size),  side  and  front  view. 

steel  wires,  stretched  between  the  supports  A  and  B  (fig, 

is  compressed  between  the  upright,  B,  and  the  knob,  b,  drives  the  glass  plate  from  B  to  A.  As 
the  ])late  moves  from  one  side  to  the  other,  a  small  tooth,  d,  on  its  under  surface,  opens  the 
key,  h,  and  thus  a  shock  is  transmitted  to  the  muscle.  The  arrangement  otherwise  is  the  same 
as  for  the  pendulum  myograph.  The  smoked  glass  plate  is  liberated  by  the  projecting  finger- 
plate attached  to  the  upright,  A.] 

[Marey's  Simple  Myograph.— The  gastrocnemius  is  attached  to  a  horizontal  lever,  which  in- 
scribes its  movements  on  a  revolving  cylinder.    This  form  of  myograph,  when  provided  with  two 
levers,is  very  useful  for  comparing  the  action  of  a  i>oison  on  one  limb,  the  other  being  unpoisoned.  ] 
[Pfliiger's  stationary  form  is  simply  a  Helmholtz's  myogi-aph  (fig.  320)  arranged  to  record 


MYOGRAM  OR  MUSCLE-CURVE. 
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its  movements  on  a  stationary  glass  plate,  so  that  the  muscle  merely  makes  a  vertical  line  or 
ordinate  instead  of  a  curve  ;  it  thus  merely  indicates  the  height  or  extent  of  the  contraction, 
not  its  duration.] 

A  rapidly  rotating  disc  was  used  by  Valentin  and  Rosenthal  for  registering  the  nuisclc- 
curve,  while  Harless  used  a  plate  wluch  was 
allowed  to  fall  rapidly,  the  so-called  "  Fall- 
myograph."  In  all  these  experiments  it  is 
necessary  to  indicate  at  the  same  time  the 
moment  of  stimulation. 

Contraction  Curve  of  Human  Muscle. 

- — In  man,  another  principle  is  adopted, 
viz.,  to  measure  the  increase  in  thickness 
during  the  contraction,  either  by  means 
of  a  lever  or  a  compressible  tambour,  such 
as  is  used  in  Brondgeest's  pansphygmo- 
graph  (fig.  36).  [The  ihicktniwi  of  the 
adductor  muscles  of  the  thumb  may  be 
registered  by  means  of  Marey's  pince 
myographique.] 

I.  Simple  Contraction. — If  a  single 
shock  or  stimulus  of  momentary  duration  be 
applied  to  a  muscle,  a  "  simple  muscular 
contraction  "  [or  shortly,  a  contradion  or 
twitch]  is  the  result,  i.e.,  the  muscle 
rapidly  shortens  and  quickly  returns  again 
to  its  orifjinal  relaxed  condition. 

Myogram  or  Muscle-Curve. — Suppose 
a  single  stimulus  be  applied  to  a  muscle 


Fig.  322. 


attached  to  a 


light 


writing-lever,  which 


Scheme  of  the  arrangement  of  the  pendulum 
myograph.  B,  battery  ;  I,  primary,  II, 
secondary  spiral  of  the  induction  machine; 
S,  tooth  ;  K',  key  ;  C,  C,  catches  ;  K'  in 
tiie  corner,  scheme  of  K';  K,  key  in  primary 
circuit. 


is  not  "  overweighted  "  with  any  weight 
attached  to  it,  then,  when  the  muscle  contracts,  the  following  events  take  place : 


323. 
shooter. 


Spring  myograph  or 
[(1)  A  period  or  stage  of  latent  stimulation  (figs.  324,  325). 

(2)  A  period  of  increasing  energy  or  contraction. 

(3)  A  period  of  decreasing  energy  or  more  rapid  relaxation. 

(4)  A  period  of  slow  relaxation,''or  the  elastic  after-vibration.] 
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LATENT  PERIOD  OF  A  MUSCLE  CURVE. 


The  muscle-curve  proper  is  composed  of  2,  3,  and  4.  ^    j  . 

1  The  latent  period  (iig.  324,  (/,  b)  consists  in  tliis,  that  the  muscle  does  not 
beo-in  to  contract  precisely  at  the  moment  the  stimulus  is  applied  to  it  but  the 
contraction  occurs  somewhat  later,  i.e.,  a  short,  but  measurable  interval,  elapses 

between  the  application  of  a 
momentary  stimulus  and  the 
contraction  {v.  Helniholtz).  If 
the  entire  muscle  be  stimulated 
by  a  momentary  stimulus,  e.g., 
a  single  break  induction  shock, 
the  duration  of  the  latent  period 
is  about  O'Ol  second.  In  smooth 
Muscle-curve  produced  by  a  single  induction  shock  ap-  niuscle,  the  latent  period  may 
plied  to  a  muscle,  a-f,  abscissa  ;  a-c,  ordinate  ;  a  b,  last  for  several  seconds, 
period  of  latent  stimulation:  hd,  period  of  increasing  [Although  no  change  be  visible 
energy  ;  d  e,  period  of  decreasing  energy  ;  e  f,  elastic  jj^  ^  muscle  during  the  latent 
after-vibrations.  ^^^^.^^^   nevertheless    we  have 

proof  that  some  change  does  take  place  within  the  muscle-substance,  for  we  know 
that  the  electrical  current  of  the  muscle  is  diminished  during  this  period,  or  we 
have  what  is  known  as  the  negative  variation  of  the  muscle-current  {Bernstein — 
§  333).] 

In  man,  the  latent  period  varies  between  0-004  and  O-Ql  second.  If  the  experiment  be  so 
arranged  that  the  muscle  can  contract  as  soon  as  the  stimulus  is  applied  to  it,  i.e.,  before  time 
is  lost  in  making  the  muscle  tense  ;  or  to  put  it  otherwise,  if  the  muscle  has  not  "  to  take  in 
slack,"  as  it  were,  the  latent  period  jnay  fall  below  0-004  second  (Gad).  If  the  muscle  be  still 
attached  to  the  body,  protected  as  much  as  possible  from  external  influences  and  properly 
suj)plied  with  blood,  the  latent  ])eriod  may  be  reduced  to  0"0033  or  even  0-0025. 

Modifying  Influences. — The  latent  period  is  shortened  by  an  increased  strength  of  the 
stimulus  and  by  heat  ;  while  fatigue,  cooling,  and  increasing  weight  lengthen  it  (Lauterhach, 
Mendelssohn,  Yco,  Cash).  The  latent  period  of  a  break-contraction  is  longer  than  that  of 
a  make -contraction.  The  red  muscles  have  a  longer  latent  period  than  the  white.  Before  the 
muscle  contracts  as  a  whole,  the  individual  fibres  within  it  must  have  contracted.  We  must, 
therefore,  conclude  that  the  latency  of  the  individual  muscular  elements  is  shorter  than  that  of 
the  entire  muscle  {Gad,  Tificrslcdt). 

2.  The  contraction  or  stage  of  increasing  energy,  i.e.,  from  the  moment  the 
muscle  begins  to  shorten  until  it  reaches  its  greatest  degree  of  contraction  {h  d). 
At  first  the  muscle  contracts  slowly,  then  more  rapidly,  and  again  more  slowly,  so 
that  the  ascending  limb  of  the  curve  has  somewhat  the  form  of  an ,/'.  This  stage 
lasts  0-03  to  0*4  second.  It  is  shorter  when  the  contraction  is  shorter  (weak 
stimulus)  and  the  less  the  weight  the  muscle  has  to  lift.  It  also  varies  with  the 
excitability  of  the  muscle,  being  shorter  in  a  fresh,  non-fatigued  muscle. 

3.  Elongation  or  stage  of  decreasing  energy. — After  the  muscle  has  con- 
tracted up  to  its  maximum  for  any  particular  stimulus,  it  begins  to  relax — at  first 
slowly,  then  rapidly — and  lastly  more  slowly,  so  that  an  inverse  of  an  /'  is  obtained 
{d  e).  This  stage  is  usually  of  shorter  duration  than  2.  The  duration  varies  with 
the  strength  of  the  stimulus,  being  shorter  than  2  with  a  weak  stimulus,  and 
longer  with  a  strong  stimulus.  It  also  depends  upon  the  extent  to  which  the 
muscle  is  loaded  during  contraction. 

4.  The  fourth  stage  has  received  various  names — stage  of  elastic  after-vibra- 
tion [residual  contraction  or  contraction-remainder  {Hermann).  The  after- 
vibrations  {e  /■),  which  disappear  gradually,  depend  upon  the  elasticity  of  the 
muscle.  The  duration  of  this  stage  is  longest  with  a  powerful  contraction,  and 
when  the  weight  attached  to  the  muscle  is  small]. 

If  the  stimulus  be  applied  to  the  motor  nerve  instead  of  to  the  muscle  itself,  the 
contraction  is  greater  {Pfluger),  and  lasts  longer  ( Wundt)  the  nearer  to  the  spinal 
cord  the  stimulus  is  applied  to  the  nerve. 


METHOD  OF  MEASURING  A.  MYOC^RAM. 


250  DV. 


Fig.  325. 


[In  studying  a  muscle-curve,  the  more  or  less  vertical  character  of  the  ascent 
will  indicate  the 
rapidity  of  the  con- 
traction, the  height 
above  the  base  line, 
itsextent,  thelength 
of  the  curve,  the 
duration,  and  the 
line  of  descent,  the 
rate  of  its  extensi- 
bility. The  form„  ,  , 
of  the  muscle-curve  myograph  curve  of  a  frog's  gastrocnemius.   S,  point  of  stimu- 

.,,  .       ,       lation;  A,  latent  period;  B,  period  of  shortening,  and  C,  of  relaxation, 

will  vary  with  the  250  DV.,  tuning-fork  vibrating  250  double  vibrations  per  sec.  The 
kind  of  myograph    dotted  vertical  lines  are  ordinates  {Stirling). 

used ;  if  it  be  stationary,  then  the  muscle  will  merely  record  a  vertical  line  ;  if  the 
recording  surface  move  quickly,  the  two  parts 
of  the  curve  will  form  an  acute  angle  (fig.  327)  ; 
and  if  it  move  with  great  rapidity,  they  will 
have  the  form  of  fig.  325,  that  obtained  with 
a  pendulum  myograph.  A  vibrating  tuning- 
fork  records  time  directly  under  the  tracing, 
whereby  the  duration  of  each  part  of  the  curve 
is  readily  determined.] 

[In  measuring  the  myogram,  all  that  is  required  is 
to  know  the  moment  at  which  the  stimulus  was  ap- 
]died,  and  to  note  when  the  curve  begins  to  leave  the 
base  line  or  abscissa.  Raise  a  vertical  line  or  ordinate 
from  each  of  these  points,  and  the  interval  between 
these  lines,  as  measured  by  the  chronograph,  indicates 
the  time  (fig.  325).] 

[The  time-relations  of  a  simple  muscular  con- 
traction caused  by  a  single  induction  shock 

may  be  studied  by  means  of  the 


Fig.  326. 

following  Arrangement  for  estimating  the  time- 


relations  during  contraction  of  a 
muscle  produced  by  a  faradic  shock. 
B,  battery  ;  K,  key  in  primary  circuit ; 
I,  primary,  II,  secondary  spiral ;  I, 
muscle  lever ;  c,  electro-magnet  in 
primary  circuit ;  t,  electric  signal  ;  St, 
support ;  RC,  revolving  cylinder  (after 
Rutherford). 


arrangement : — Attach  a  frog's  gastrocnemius  to 
a  lever,  as  in  fig.  326,  and  through  the  frog's 
muscle  place  two  wires  from  the  secondary  coil 
of  an  induction  machine.    A  scale-pan  with  a 
weight  is  attached  to  the  lever.    On  the  same 
support  adjust  an  electro-magnet  with  a  writing- 
style  in  the  primary  circuit,  and  in  this  circuit 
also  place  a  key  (K)  to  make  and  break  the  current.    Fix  also  a  Dupre's  chrono 
graph  to  the  same  support,  and  make 
it  vibrate  by  connecting  it  in  circuit 
with  a  tuning-fork  of  known  rate  of 
vibration,  and  driven  by  a  galvanic 
battery.    See  that  the  points  of  all 
three  levers  write  exactly  over  each 

other  on  the  revolving  cylinder.  The  ^^Hfi^^M^^^^^Bjl 
upper  lever  registers  the  contraction,  ^^^^^^^Q^H^Q 

the  electro-magnet   the  moment  the  j,.^ 
stimulus  is  applied  to  the  muscle,  and  ^j.^^.^  ^^^^^^,1^  stimulated  alternately  by  a  single 
the  electrical  chronograph  the  time.]        break  (B)  and  make  shock  (M).   The  lower  curve 

[Single  make   (closing)  or  break     shows  the  same,  but  with  the  muscle  fatigued, 
(opening)  induction  shocks.    A  muscle  or  nerve  may  be  stimulated  either  with 


a  m 


ake  "  or  "  break 


induction  shock,  but  it  is  important  to  notice  that  the  break 

2  H 
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OViiK^YEIGHTED  MUSCLES. 


.'inarks  apply  to  curves  ol.taineil  by  a  liglit  lever 
liVcr  be     uvcncdghtcd,"  or  overloaded,  i.e.,  if  the 


shock  is  stronger  than  the  make.    In  fig.  327,  B  shows  the  effect  produced  by  a 
single  break  induction  shock,  and  M  that  of  a  single  make  shock.] 
Overweighted  Miiscles. — The  ibrcgoiiig  rein 

connected  with  the  muscle.    If  the  nmscle  lev„   --^ ---  ,        •  w    ^,  f 

lever  be  loaded,  so  that  when  the  nuiscle  contracts  it  has  to  lift  these  weights,  the  course  ot  tne 
curve  varies  according  to  the  weight  to  be  lifted.  It  is  necessary,  however,  to  sujiport  tlie  lever 
in  the  intervals  wlien  the  muscle  is  at  rest.  As  the  weights  are  increased,  the  occurrence  ot  tlie 
contraction  is  delayed.  This  is  due  to  the  fact  that  the  muscle,  at  the  moment  ol  stimulation, 
must  accumulate  as  much  energy  as  is  necessary  to  lift  the  weight.  The  greater  the  weight  the 
longer  is  the  time  before  it  is  raised.  Lastly,  the  muscle  may  be  so  "  loaded,"  or  "overloaded, 
that  it  cannot  contract  at  all  ;  this  is  the  limit  of  the  muscular  or  mechanical  energy  oi  the 
muscle  (r.  HclmhuUz). 

Fatigue.— If  a  muscle  be  caused  to  contract  so  frequently  that  it  becomes 
fhtujiml,"  the  latent  period  is  longer,  the  curve  is  not  so  high,  because  the 

muscular  contraction  is  leas, 
and  the  abscissa  is  longer,  i.e., 
the  contraction  is  slower  and 
lasts  longer  (fig.  328).  Cool- 
iiKj  a  muscle  has  the  same 
effect.  Soltmann  finds  that, 
the  fresh  muscles  of  new-born 
animals  behave  in  a  similar 
manner.  The  myogram  has 
a  fiat  apex  and  considerable 
elongation  in  the  descending 
Fig.  328.  limb  of  the  curve. 

I,  Contraction  of  a  fatigued  frog's  muscle  writing  its  contrac-  Constant  Current. — If  the 
tion  on  a  vibrating  plate  attached  to  a  tuning-fork.  Each  motor  nerve  of  a  muscle  be 
vibration  =  0  -01613  second  ;  ah  =  latent  period  ;  h  c,  stage  stimulated  by  a  make  or  break 
of  increasing  energy  ;  c  «,  of  decreasing  energv.    11,  The  .i  f      ^  / 

most  rapid  writing  movements  of  the  right  hand  inscribed  snock  Ot  a  constant  current, 
on  a  vibrating  plate.  Ill,  The  most  rapid  trembling  tetanic  the  resulting  muscular  con- 
movements  of  the  right  fore-arm  inscribed  on  the  same  traction  corresponds  exactly 
P''^^^-  to  that  already  described.  If, 

however,  the  current  be  made  or  broken  with  the  mtiscle  itself  directly  in  the 
circuit,  during  the  make  shock,  there  is  a  certain  degree  of  contraction  which  lasts 

for  a  time,  so  that  the  curve 
assumes  the  form  of  fig. 
329,  where  8  represents  the 
moment  of  closing  or  making 
the  current,  and  O  the 
moment  of  opening  or  break- 
ing it  (§  336,  D). 
The  investigations  of  Cash  and 

Kronecker  show  that  individual  muscles  liave  a  special  form  of  muscle-curve  ;  the  omohyoid 
<if  the  tortoise  contracts  more  rapidly  than  the  pectoralis.  Similar  dilierences  occur  in  the 
muscles  of  frogs  and  mammals.  The  flexors  of  the  frog  contract  more  rapidly  than  the  extensors 
(Griitzner)  Sometimes  within  one  and  the  same  muscle  there  are  "  red  "  (rich  in  glycogen)  and 
"pale"  fibres  (§  292).  The  red  fibres  contract  more  slowly,  are  less  excitable,  ami  less  easily 
fatigued  {Griitzner).  The  muscles  of  flying  insects  contract  very  rapidly,  even  more  than  100 
times  per  second. 

Poisons. — Very  small  doses  of  curara  or  quinine  increase  the  height  of  the  contraction 
(excited  by  stimulation  of  the  motor  nerve),  while  larger  doses  diminish  it,  and  finally  abolish 
it  altogether.  Guanidin  has  a  similar  action  in  large  doses,-  but  the  maximum  of  contraction 
lasts  for  a  longer  time.  Suitable  doses  of  veratrin  also  increase  the  contractions,  but  the  stage 
of  relaxation  is  greatly  strengthened  {Rossbach  ami  Chslermcycr).  Veratrin,  antiarin,  and 
digitalin,  in  large  doses,  act  upon  the  sarcous  substance  in  such  a  way  that  the  contractions 
become  very  prolonged,  not  unlike  a  condition  of  prolonged  tetanus  {Harlcss,  1862).  The 
latent  period  of  muscljs  jioisoned  with  veratrin  and  strychnin  is  shortened  at  first,  and  after- 


Fig.  329. 

Effect  on  a  muscle  of  closing  and  opening  a  constant  cuiTent. 
S,  closing  ;  0,  opening  shock  ( IViindt). 
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wai\ls  leusthenetl.  Tlie  gastrocnemius  of  a  frog  supplied  by  blood  contaiuiug  soda  contracts 
more  rapidly  ((r/  i£^;/ic./  ).  Kunkel  is  of  opinion  that  muscular  poisons  act  by  controlling  the 
imbibition  of  water  by  the  sarcous  substance.  As  muscular  contraction  depends  on  imbibition 
(§  297,  II.),  the  form  of  the  contraction  of  the  poisoned  muscle  will  depend  upon  the  altered 
condition  of  imbibition  produced  by  the  drug. 

[Veratrin. — If  a  frog  be  poisoned  with  veratrin,  and  then  be  made  to  sjning,  it  does  so 
rapidly,  but  when  it  alights  again  the  hind  legs  are  extended,  and  they  are  only  drawn  up  after 
a  time.  Thus,  rapid  and  powerful  contraction,  with  slow  and  prolonged  relaxation,  are  the 
character  of  the  movements.  In  a  muscle  poisoned  with  veratrin,  the  ascent  is  f|uick  enough^, 
but  it  remains  contracted  for  a  long  time,  so  that  this  condition  has  been  called  '•contracture. 
A  single  stimulation  may 
cause  a  contraction  lasting 
live  to  fifteen  seconds,  ac- 
cording to  circumstances  (tig. 
330).  Brunton  and  Cash 
find  that  cold  has  a  marked 
etiect  on  the  action  of  veratrin 
— in  fact,  its  effect  may  be 
permanently  destroyed  by 
exposure  to  extremes  of  heat 
or  cold.  The  muscle-curve 
of  a  brainless  frog  cooled 
artificially,  and  then  poison- 
ed by  veratrin,  occasionally  Eig.  330. 

gives  no  indications  of  the   Lower  curve  is  the  normal  muscle-curve  (frog),  ui)per  one  of  the 
action  of  the  poison  until  its  same  muscle  with  veratrin  {StirUiig). 

temperature  is  raised,  and  ,,1^.1 
this  is  not  due  to  non-absorption  of  the  poison.    Cold,  therefore,  abolishes  or  lessens  the  con- 
tracture peculiar  to  a  veratrin-curve.    Similar  results  are  obtained  with  salts  of  barium,  and  to 
a  less  degree  by  those  of  strontium  and  calcium  {Branto)i  and  Cash).'] 

Smooth  Muscles. — The  muscle-curve  of  smooth  or  non-striped  muscles  is  similar 
to  that  of  the  striped  muscles,  but  the  duration  of  the  contraction  is  visibly  much 
longer,  and  there  are  other  points  of  difference.  Some  mascles  stand  midway 
between  these  two,  at  least  as  far  as  the  duration  of  their  contractions  is  con- 
cerned. 

The  "red"  muscles  of  rabbits,  the  muscles  of  the  tortoi.se,  the  adductors  of  the  common 
mussel,  and  the  heart,  all  react  in  a  similar  manner. 

Contraction-Remainder.— A  contracted  muscle  assumes  its  original  length  only 
when  it  is  extended  by  sufficient  traction,  e.<j.,  by  means  of  a  weight.  Otherwise, 
the  muscle  may  remain  partially  shortened  for  a  long  time.  This  condition  has 
been  called  "contracture"  {Tieqel),  or,  better,  contraction-remainder  {Hermann). 
This  conditioa  is  most  marked  in  muscles  that  have  been  previously  subjected  to 
stroncr,  direct  stimulation,  and  are  greatly  fatigued,  which  are  distinctly  acid,  and 
ready^to  pass  into  rigor  mortis,  or  in  muscles  excised  from  animals  poisoned  with 

veratrin  (tig.  330).  .  .    ,  , 

Rapidity  of  Muscular  Contraction.— In  man,  single  muscular  movements  can 
be  executed  with  great  rapidity.  The  time-relations  of  such  movements  can  be 
ascertained  by  inscribing  the  movements  upon  a  smoked  glass  plate  attached  to  a 
tunincr  fork  328,  II,  represents  the  most  rapid  voluntunj  movements  that 

Landds  could  execute,  as,  e.g.,  in  writing  the  letters  n,  n,  and  every  contraction  is 
equal  to  about  3-5  vibra.ions  (1  vibration  =  0-01G13  second  =0-0564  second  In 
HI,  the  right  arm  was  tetanised,  in  which  case  2  to  2-5  vibrations  occur  =  0-03Jo 

to  0-0403  second.  ■    ^  ■  ^  1  i 

V  Kries  found  that  a  simple  muscular  twitch,  caused  by  a  single  induction  shock, 
is  shorter  than  a  momentary  voluntary  single  movement.  If  the  thickening  caused 
bv  a  single  voluntary  contraction  of  a  muscle  be  registered  directly,  the  curve 
shows  that  the  contraction  within  the  muscle  lasts  longer  than  the  duration  of  the 
movement  produced  in  the  passive  motor  apparatus  itself.  This  paradoxical 
phenomenon  is  due  to  the  fact  that,  shortly  after  the  primary  voluntary  muscular 
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contraction,  there  is  a  contraction  of  the  antagonistic  muscles,  whereby  a  part  of 
the  intended  movement  is,  as  it  were,  cut  off.  During  the  most  rapid  voluntary 
movement  in  human  muscles,  v.  Kries  found  that  4  stimuli  per  second  were  active, 
so  that  a  voluntary  contraction  is  really  a  short  tetanus. 

Pathological.— In  secondary  degeneration  of  the  si^inal  cord  after  apoplexj',  atrophic  muscular 
anchylosis  of  the  limbs,  muscular  atrophy,  progressive  ataxia,  and  paralysis  agitaus  of  long 
standing,  the  latent  period  is  lengthened;  while  it  \ii shortened  in  the  contracture  of  senile  chorea 
and  spastic  tabes  (Memielssohn).  The  whole  curve  is  lengthened  in  jaundice  and  diabetes 
(Edinijer).  In  cerebral  hemiplegia,  during  the  stage  of  contracture,  the  muscle-curve  resembles 
the  curve  of  a  muscle  poisoned  with  veratrin,  and  tlie  same  is  the  case  in  spastic  spinal  paialysis 
and  amyotrophic  lateral  sclerosis ;  in  pseudo-hypertrophy  of  the  muscles  the  ascent  is  short  and 
the  descent  very  elongated.  In  muscular  atrophy,  after  cerebral  hemiplegia,  and  in  tabes,  the 
latent  period  increases,  while  the  height  of  the  curve  diminishes.  In  chorea,  the  curve  is  short 
{RecLction  of  Degeneration,  §  339).  In  rare  cases  in  man,  it  has  been  observed  that  the  execution 
of  spontaneous  movements  results  in  a  very  prolonged  contraction  (Thomsen's  disease), 
such  cases  the  muscular  fibres  are  very  broad,  and  the  nuclei  increased  {Erh). 

II.  Action  of  Two  Successive  Stimuli. — Let  two  momentary  stimuli  be  applied 
successively  to  a  muscle  : — (A)  If  each  stiviulus  or  shock  be  of  itself  sufficient  to 
cause  a  maximal  contraction,  i.e.,  the  greatest  possible  contraction  which  the 
muscle  can  accomplish,  then  the  effect  will  vary  according  to  the  time  which 
elapses  between  the  application  of  the  two  stimuli,  (a)  If  the  second  stimulus  is 
applied  to  the  muscle  after  the  relaxation  of  the  muscle  following  upon  the  first 
stimulus,  we  obtain  merely  two  maximal  contractions.  (6)  If,  however,  the  second 
stimulus  be  applied  to  the  muscle  during  the  time  that  the  effect  of  the  first  is 
present,  i.e.,  while  the  muscle  is  in  the  phase  of  contraction  or  of  relaxation  ;  in 
this  case  the  second  stimulus  causes  a  new  maximal  contraction,  according  to  the 
time  of  the  particular  phase  of  the  contraction,  (c)  When,  lastly,  the  second 
stimulus  follows  the  first  so  rapidly  that  both  occur  during  the  latent  period,  we 
obtain  only  one  maximal  contraction  {v.  Helniholtz).    It  is  to  be  specially  noted 

that  a  single  maximal 
stimulus  never  excites 
the  same  degree  of 
shortening  as  tetanic 
stimulation  (III),  but 
only  about  ^-  of  the 
height  of  the  contrac- 
tion in  tetanus. 

(B)  If  the  stimuli 
be  not  maximal,  but 
only  such  as  cause  a 
medium  or  sub-max- 
Y\g,  331.  imal  contraction,  the 

I,  two  successive  sub-maximal  contractions;  II,  successive  contrac-  ©Qscts  of  both  stimuli 
tions  produced  by  stimulating  a  muscle  with  12  induction  shocks  are  superposed,  or 
per  second;  III,  curve  produced  with  very  rapid  induction  shocks  there  is  a  summation 
(complete  tetanus).  of  the  contractions  (fig. 

331).  It  is  of  no  consequence  at  what  particular  phase  of  the  primary  contraction 
the  second  shock  is  applied.  In  all  cases,  the  second  stimulus  causes  a  contrac- 
tion, just  as  if  the  phase  of  contraction  caused  by  the  first  shock  was  the  natural 
passive  form  of  the  muscle,  i.e.,  the  new  contraction  (6,  c)  starts  from  that  point  as 
from  an  abscissa  (fig.  331,  I,  h).  Thus,  under  favourable  conditions,  the  contraction 
may  be  twice  as  great  as  that  caused  by  the  first  stimulus.  The  most  favourable 
time  for  the  application  of  the  second  stimulus  is  -^^th  second  after  the  application 
of  the  first  {Seivall).  The  effects  of  both  stimuli  are  obtained  even  when  the 
second  stimulus  is  applied  during  the  latent  period  {v.  Helmholtz). 
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III.  Tetanus— Summation  of  Stimuli.— If  stimuli,  each  capable  of  causing  a 
contraction,  and  following  each  other  with  medium  rapidity,  be  applied  to  a 
muscle,  the  muscle  has  not  sufficient  time  to  elongate  or  relax  in  the  intervals  of 
stimulation.  Therefore,  according  to  the  rapidity  of  the  successive  stimuli,  it 
remains  in  a  condition  of  continued  vibratory  contraction,  or  in  a  state  of  tetanus. 
Tetanus  is,  however,  not  a  continuous  uniform  condition  of  contraction,  but  it  is  a 
discontinuous  condition  or  form  of  the  muscle,  depending  upon  the  summation  or 
accumulation  of  contractions.  If  the  stimuli  are  applied  with  moderate  rapidity, 
the  individual  contractions  appear  in  the  curve  (Kg.  331,  II) ;  if  they  occur  rapidly, 
and  thus  become  superposed  and  fused,  the  curve  appears  continuous  and  unbroken 
by  elevations  and  depressions  (fig.  331,  III).  As  a  fatigued  muscle  contract-s 
slowly,  It  is  evident  that  such  a  muscle  will  become  tetanic  by  a  smaller  number  of 
stimuli  per  second  than  will  suffice  for  a  fresh  muscle  {Marey).  All  muscular 
movements  of  long  duration  occurring  in  our  bodies  are  probably  tetanic  in  their 
nature  (^d  Weher).  ^ 

[Summation  of  Stimuli.— If  a  stimulus,  insufficient  in  itself  to  cause  contraction 
of  a  muscle,  be  repeatedly  applied  to  a  muscle  in  proper  tempo  and  of  sufficient 
strength,  at  first  a  slight  and  then  a  stronger  or  maximal  contraction  may  be 
produced.    This  process  of  summation  occurs  also  in  nervous  tissue  (§  360).] 

[Staircase  or  " Treppe."  Bowditcli  showed  that  the  cardiac  contractions  exhibited  a  "stair- 
case" characti-r,  i.e.,  the  lieight  of  the  second  beat  is  greater  than  that  of  the  first ;  and  the  third 
than  that  of  the  second  (p.  84).  The  same  occurs  in  the  case  of  the  muscles  of  the  frog  ( Ticgcl, 
Minot)  and  in  mammals  {Rosshach).  Bohr  showed  that  the  successive  ascending  apices  in  a 
tetanus-curve  have  really  a  staircase      „•  .    ,  „   ■    ,        ^  ,       •  , 

character,  and  that  its  exact  form  is  S"l'-n>ax.mal.  Maximal, 

that  of  a  hyperbola.  Bohr  found 
that  (1)  this  form — the  muscle  not 
being  fatigued — is  independent  of 
the  strength  and  frequency  of  the 
stimuli.  (2)  The  height  of  the  series 
of  contractions  in  tetanus  is  inde- 
pendent of  the  frecjuency  of  the 
stimuli,  increase  of  frequency  merely 
causing  the  staircase  to  reach  its 
maximum  more  rapidly.  (.3)  The 
height  of  the  staircase  increases — 
within  certain  limits  —  with  the 
strength  of  the  stimulus.  Buckmaster  has  confirmed  this  for  simple  contractions,  but  as 
shown  in  fig.  332,  when  the  stimuli  are  minimal  or  sub-maximal,  there  is  usually  no  staircase 
character  of  the  contractions, 
but  maximal  stimuli  always 
cause  it.] 

A  continued  voluntary 
contraction  in  man,  consists 
of  a  series  of  single  con- 
tractions rapidly  following 
each  other.  Every  such 
movement,  on  beingcarefully 
analysed,  consists  of  inter- 
mittent vibrations,  which 
reach  their  maximum  when 
a  person  shivers  (^d  Weher). 
—  [Baxt  found  that  the  I. 
simplest  possible  voluntary 
contractions,  e.y.,  striking  with  the  index  finger,  occupies  on  an  average  nearly  twice 
as  lono-  a  time  as  a  similar  movement  discharged  by  a  single  induction  shock.] 

The°number  of  single  impulses  sent  to  our  muscles  during  a  voluntary  move- 
ment is  tolerably  variable,  during  a  slow  contraction  =  8  to  12,  and  during  a  rapid 


Four 


groups  of  contractions,  interval  of  simulation  2 
seconds,  and  5  minutes  pause  between  two  groups 
{Buckmaster). 


Fig.  332. 


,  .■..-.v^.,v^....„. 

Fig.  333. 

vibration  obtained  from  the  flexor  brcvis  follicis ; 
the  extensor  digiti  tertii. 


II.,  from 
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contraction  =  18  to  20  impulses  per  second.  Fig.  333, 1.,  represents  a  myogram  of  a 
sustained  contraction  of  the  flexor  brevis  poUicis  and  abductor  pollicis,  recorded  on 
a  vibrating  plate.  The  wave-like  elevations  indicate  the  single  impulses,  each 
tooth  -  0-dlG13  second.  II.  is  a  similar  curve  registered  by  the  extensor  digiti  tertii 
(Landois).  [Schafer  finds  that  a  prolonged  voluntary  contraction  in  man  is  an 
incomplete  tetanus  produced  by  8  to  13  successive  nervous  impulses  per  second. 
About  10  per  second  may  be  taken  as  the  average.] 

The  rof|uisite  degree  of  shortening  is  obtained,  liy  the  sunmiation  of  single  stimuli  applied  to 
tlie  slowly  contracting  muscle,  until  the  desired  degree  of  shoitening  is  obtained.  In  estimating 
exactly  the  amount  of  movement,  we  generally  opi>ose  some  resistance  by  contracting  antagonistic 
muscles,  as  is  shown  by  observations  on  sjiare  individuals  {Briicke). 

The  tetanic  contractions,  which  occur  normally  in  an  intact  body,  are  proved  to  consist  of 
a  series  of  successive  contractions,  because  they  can  give  rise  to  scamdary  tetanus  (§  332),  which 
may  also  be  caused  by  nuiscles  thrown  into  tetanus  by  strychnin  poisoning  (Loirn).  The 
muscle-sound  cannot  be  regarded  as  a  proof  of  the  oscillatory  movement  in  tetanus,  [as  Helmholtz 
lias  shown  that  this  soimd  coincides  with  the  resonance  sound  of  the  ear  [Hcring  and 
Fried  rich)]. 

If  a  muscle  be  connected  with  a  telephone,'wbose  wires  are  brought  into  connection  with  two 
needles,  one  placed  iu  the  tendon,  and  the  other  in  the  substance  of  the  muscle,  we  hear  a 
sound  when  the  muscle  is  thrown  into  tetanus,  Avhich  proves  that  periodic  vibratory  processes, 
/.(;.,  successive  contractions,  occur  in  the  nmscle  {Bernstein  and  Schonlcin).  The  sound  is  most 
distinct  when  the  tetanising  Neefs  hammer  of  an  induction  machine  vibrates  about  50  times 
per  second  ( IVcdcnshi  and  Kronecker). 

The  niuuber  of  stimuli  requisite  to  produce  tetanus  varies  in  different  animals,  and  in 
difterent  muscles  of  the  same  animal.  About  15  stimuli  per  second  are  re({uired  to  produce 
tetanus  in  the  muscles  of  tha  frog  (hyoglossus  only  10,  gastrocnemius  27);  very  feeble  stimuli 
(more  than  20  per  second)  cause  tetanus  {Kronecker) ;  the  muscles  of  the  tortoise  become  tetanic 
with  2  to  3  shocks  per  second  ;  the  red  muscles  of  the  rabbit  by  10,  the  j;ft/c  by  over  20 
{Kronecker  and  Stirling)  ;  muscles  of  birds  not  even  with  70  {Marcy)  ;  muscles  of  insects  330 
to  340  per  second  {Marcy).  Tetanic  stimulation  of  the  muscles  of  the  crayfish  (Astacus)  and 
also  in  hydrophilus,  may  cause  rhythmical  contractions  {Richet),  or  rhythmically  interrupted 
tetanus  {Schonlein). 

Curarised  muscles  sometimes  pass  into  tetanus  on  the  application  of  a  momentary  stimulus 

{Kiihne,  Bering). 

0.  Soltmann  found  that  the  ^wZc  muscles  of  new-born  ral|jits  were  rendered  tetanic  with  16 
stimuli  per  second,  so  that  tetanus  was  produced  in  them  with  the  same  number  of  shocks  as  in 

fatigued  adult  muscles.  This  may  serve 
partly  to  explain  the  facility  with  which 
s]iasms  occur  in  new-born  animals. 

[The  red  and  pale  muscles  of  a 
rabbit,  as  already  shown,  dilier  struc- 
tiu-ally,  and  also  in  regard  to  their 
blood  supply  (p.  458).  Thev  also  differ 
physiologically  and  chemically  (p.  460). 
When  both  muscles  are  caused  to  con- 
tract, by  stimulating  the  sciatic  nerve 
^'o-  334.  with  a   single  induction   shock,  the 

Curves  obtained  from  red  (upper)  and  pale  (lower)  curves  obtained  are  .shown  in  fig.  834  ; 
muscles  of  a  rabbit,  by  stimulating  the  sciatic  nerve  the  lower  one  from  the  pale,  and  the 
with  a  single  induction  shock.  The  lowest  line  "PPcr  from  the  red  muscle.  The  latent 
indicates   time,   and  is  divided  into  second  period  is  longer,  while  the  duration  of 

{Kronecker  and  Stirling).  a  simple  contraction  of  a  red  muscle  is 

,  .  three  times  longer  than  that  of  a  pale 

muscle.  Four  stimuli  per  second  cause  an  incomplete  tetanus,  and  10  per  second  a  nearly  com- 
plete tetanus  m  the  red  muscles  of  a  rabbit,  while  the  pale  muscles  require  20  to  30  stimuli  per 
second  to  be  completely  tetanised.  Fig.  335  shows  the  results  ])roduced  by  induction  shocks 
applied  to  both  muscles  at  intervals  of  ^  second.] 

The  extent  of  shortening  in  a  tetanically  contracted  muscle,  within  certain  limits  is  dependent 
upon  the  strength  of  the  individual  stimuli— but  not  upon  their  frequency.  The  contraction 
remainder  after  tetanus  is  greater  the  stronger  the  stimuli,  the  longer  they  are  aiiplied  and 
the  feehler  the  muse  e  used  {Bohr).  For  an  unweighted  muscle,  the  height  of  a  contraction  and 
that  of  tetanus  are  the  same  {v.  Frey).  Only  when  a  muscle  is  weighted  is  the  height  of  a  sincrle 
contraction  less  than  by  a  tetanic  contraction.  Sometimes  a  stinuilus  applied  to  a  muscle  imiue- 
diately  after  tetanus  produces  a  greater  eff^ect  than  it  did  before  the  tetanus  {Eosshach  Bohr) 
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Duration  of  Tetanus.— A  tetauised  muscle  cannot  remain  contracted  to  the  same  extent  for 
an  unlfhnite  period,  even  if  the  stimuli  are  kept  constant.  It  gradually  begins  to  elongate, 
at  hrst  somewhat  rapidly,  and  thou  more  slowlv,  owing  to  the  occurrence  of  fatigue.    If  the 


Make  and  break  induction  shocks  of  300  units,  aj>plied  at  intervals  of  a  \,  second  to  the  pale 
(lower)  and  red  (upper)  muscles  of  a  rabbit.  The  lowest  line  marks  i  second  [Kronccker 
and  Stirling). 

tetanic  stimulation  is  arrested,  the  muscle  does  not  regain  its  original  position  and  shape  at 
once,  but  a  contraction-remainder  exists  for  a  certain  time,  this  being  more  evident  after  stimu- 
lation with  induction  shocks. 

IV.  If  very  rapid  induction  shocks  (224  to  360  per  second)  be  applied  to  a 
muscle,  the  tetanus  after  a  so-called  "  initial  contraction  "  (Benistem)  may  cease 
{Harless,  Hevlenhain).  This  occurs  most  readily  when  the  nerves  are  cooled. 
Kronecker  and  Stirling,  however,  found  that  stimuli  following  each  other  at  greater 
rapidity  than  24,000  per  second  produced  tetanus. 

[Tone-inductorium  of  Kronecker  and  Stirling. — This  apparatus  (fig.  -336),  consists  of  a  rod 
of  iron,  d,  fixed  in  an  iron  upright  at  a.  The  primary,  s„  and  secondary  spiral,  .•?„,  rest  on 
wooden  supports,  which  can  be  ])ushed  over  both  ends  of  the  rod.    One  end  of  the  rod  lies 


Fig.  336. 

Tone-inductorium  of  Kronecker  and  Stirling,    d,  iron  rod,  clamped  at  a  ;  ,s„  primar\',  s„, 
.secondary  spiral,  with  a  key,  k  ;  leather  rollers,  /  and  (/,  driven  by  wheels,  h. 

between  leatlier  rollers, /and  g,  which  can  be  made  to  rub  on  the  rod  by  moving  the  toothed 
wheels,  h.  In  this  way  a  tone  is  luoduced  by  the  longitudinal  vibrations  of  the  rod,  the 
number  of  vibrations  being  proportional  to  the  length  of  the  rod,  so  that  by  means  of  this 
instrument  we  can  ].roduce  from  1000  to  24,000  alternating  induction  shocks  per  second.] 

Fiek  has  recently  investigated  the  changes— tension— undergone  by  a  nniscle  when  it  is 
stimulated,  and  when  its  length  remains  constant,  and  he  calls  this  process  an  "  isonietrical 
muscular  act."  He  finds  that  a  voluntary  contraction  in  an  isonietrical  act  in  man  causes  a 
higher  tension  than  a  conti'action  excited  electrically.  In  the  frog,  the  tension  is  nearly  twice 
as°great  during  tetanus  as  during  a  single  maximal  muscular  contraction  ;  in  human  muscles, 
it  may  be  ten  times  as  great. 

299.  RAPIDITY  OF  TRANSMISSION  OF  A  CONTRACTION.— 1.  If  along 
muscle  be  stimulated  at  one  end,  a  contraction  occurs  at  that  point,  and  is  rapidly 
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propagated  in  a  wave-like  manner  through  the  whole  length  of  the  muscle,  until 
it  reaches  its  other  end.  The  condition  of  excitement  or  molecular  disturbance  is 
communicated  to  each  successive  part  of  the  muscle,  in  virtue  of  a  special  conduc- 
tive capacity  of  the  muscle.  The  mean  velocity  of  the  contraction-wave  is  3  to  4 
metres  per  second  in  the  frog  {Bernstein,  3-869  metres) ;  rabbit,  -i  to  5  metre.s 
{Bern-siein  and  Steiner)  ;  lobster,  1  metre  {FrkUricq  and  van  de  Velde)  ;  in  smooth 
muscle  and  in  the  heart,  only  10  to  15  millimetres  per  second  (§  58,  4).  These 
results  have  reference  only  to  excised  muscles,  the  velocity  of  transmission  being 
much  greater  in  the  voluntary  muscles  of  a  living  man,  viz.,  10  to  13  metres  {Uer- 
7nann,  §  334,  11. ). 

Methods. — Aeby  placed  writing-levers  \ipon  both  ends  of  a  muscle,  the  levers  resting  trans- 
versely to  the  direction  of  the  rauscnlar  fibres.  The  muscle  was  stimulated,  and  both  levers 
registered  their  movements,  the  one  directly  over  the  other  on  a  revolving  cylinder.  On  stimu- 
lating one  end  of  the  muscle,  the  lever  nearest  to  this  point  is  raised  by  the  contraction-wave, 
and  a  little  later  the  other  lever.  "When  we  know  the  rate  at  which  the  cylinder  is  moviup, 
and  the  distance  between  the  two  elevations,  it  is  easy  to  calculate  the  rapidity  of  transmission 
of  the  contraction-wave. 

Duration  and  Wave-Length. — The  time,  corresponding  to  the  length  of  the 
abscissa  of  the  muscle-curve  inscribed  by  each  writing-lever,  is  equal  to  the  dura- 
tion of  the  contraction  of  this  part  of  the  muscle  (according  to  Bernstein,  0'053  to 
0"098  second).  If  this  value  be  multiplied  by  the  rapidity  of  transmission  of  the 
muscular  contraction-wave,  we  obtain  the  ivave-length  of  the  contraction-wave 
(  =  206  to  380  millimetres). 

Modifying  Influences. — Cold  (fig.  337),  fatigue,  approaching  death,  and  many 
poisons  [veratrin,  KCy]  diminish  the  velocity  and  the  height  of  the  contraction- 
wave,  while  the 
strength  of  the  stim- 
ulus and  the  extent 
to  which  the  muscle 
is  loaded  are  without 
any  effect  upon  the 
velocity  of  the  wave 
{Aehy).  In  excised 
muscles,  the  size  of 
the  wave  diminishes 
Fig.  337.  as  it  passes  along  the 

Upper  two  curves,  2  and  1,  obtained  from  a  rabbit's  muscle  by  the  muscle,  but  this  is 
above  arrangement  ;  the  lower  two  curves  from  the  same  muscle,  not  the  case  in  the 
when  it  was  cooled  by  ice.  i       r  i  •  • 

muscles  or  living  men 

and  animals.  The  contraction-wave  never  passes  from  one  muscular  fibre  to  a 
neighbouring  fibre. 

[Fig.  337  shows  the  effect  of  cold  on  the  muscles  of  a  rabbit,  in  delaying  the  contraction- 
wave.    There  is  a  longer  distance  between  1  and  2  in  the  lower  than  in  the  ujjper  curves.] 

2.  If  a  long  muscle  be  stimulated  locally  near  its  middle,  a  contraction-wave  is 
propagated  towards  both  ends  of  the  muscle.  If  several  points  be  stimulated 
simultaneously,  a  wave  movement  sets  out  from  each,  the  waves  passing  over  each 
other  in  their  course  {Schif). 

3.  If  a  stimulus  be  applied  to  the  motor  nerve  of  a  muscle,  an  impulse  is  com- 
municated to  every  muscular  fibre ;  a  contraction-wave  begins  at  the  end-orf/an 
[motorial  end-plate],  and  must  be  propagated  in  both  directions  along  the  muscular 
fibres,  whose  length  is  only  3  to  4  centimetres.  As  the  length  of  the  motor  fibres 
from  the  nerve-trunk  to  where  they  terminate  in  the  motorial  end-plates  is  unequal, 
contraction  of  all  the  muscular  fibres  cannot  take  place  absolutely  at  the  same 
moment,  as  the  nerve  impulse  takes  a  certain  time  to  travel  alono-  a  nerve. 
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Nevertheless,  the  difference  is  so  small  that,  when  a  muscle  is  caused  to  contract 
by  stimulation  of  its  motor  nerve,  practically  the  whole  muscle  appears  to  contract 
simultaneously  and  at  once. 

4.  A  complete,  tauform,  momentary  contraction  of  all  the  fibres  of  a  muscle  can 
only  take  place  when  all  the  fibres  are  excited  at  the  same  moment.  This  occurs 
when  the  electrodes  are  placed  at  both  ends  of  the  muscle,  and  an  electrical 
stimulus  of  momentary  duration  passes  through  the  whole  length  of  the  muscle. 

300.  MUSCTJLAIl  WORK. — Muscles  are  most  perfect  machines,  not  only 
because  they  make  the  most  thorough  use  of  the  substances  on  which  their  activity 
depends  (§  217),  but  they  are  distinguished  from  all  machines  of  human  manufac- 
ture by  the  fact  that,  by  frequent  exercise  they  become  stronger,  and  are  thereby 
capable  of  accomplishing  more  work  {Du  Bois-Reymond). 

The  amount  of  work  (W)  which  a  muscle  can  perform  is  equal  to  the  product 
of  the  weight  lifted  {j>)  and  the  height  to  which  it  is  lifted  (A),  i.e.,  W  =  ph 
{Introduction).  Hence,  it  follows  that  when  a  muscle  is  not  loaded  (where  j9  =  0), 
then  to  must  be  =  0,  i.e.,  no  work  is  performed.  If,  again,  it  be  overloaded  with 
too  great  a  load,  so  that  it  is  unable  to  contract  (h  =  0),  here  also  the  work  is  nil. 
lietween  these  two  extremes  an  active  muscle  is  capable  of  doing  a  certain  amount 
of  "work." 

I.  Work  with  Maximal  Stimulation. — When  the  strongest  possible,  or  maximal 
stimulus  is  applied — i.e.,  when  the  strength  of  the  stimulus  is  such  as  to  cause  a 
muscle  to  contract  to  the  greatest  possible  extent  of  which  it  is  cap'able,  the  amount 
of  work  done  increases  more  and  more  as  the  weight  is  increased,  but  only  up  to  a 
certain  maximum.  If  the  weight  be  gradually  increased,  so  that  it  is  lifted  to  a 
less  height,  the  amount  of  work  diminishes  more  and  more,  and  gradually  falls  to 
be  -—  0,  when  the  weight  is  not  lifted  at  all. 


Example  of  the  work  clone  by  a  frog's  muscle  {Ud.  JVeber)  : — 


Weight  lifted  in  Grammes. 

Heiglit  in  Millimetres. 

Work  done  in  Gramme-Millimetres. 

5 

•27 -e 

138 

15 

2.T-1 

376 

25 

11-45 

286 

30 

7-3 

220 

[Suppose  a  muscle  be  loaded  with  a  certain  number  of  grammes,  ami  then  caused  to  contract, 
we  get  a  certain  height  of  contraction.    Fig.  338  shows  the  result  of  an  experiment  of  this 
kind.    Tlie  vertical  lines  represent  the  height  to  which 
the  weights  (in  grammes)  noted  under  them  were  raised, 
so  that,  as  a  rule,  as  the  weight  increases  the  height  to 
which  it  is  raised  decreases.] 

Laws  of  Muscular  Work. — 1.  A  muscle  can 
lift  a  greater  load  the  larger  its  transverse  section, 
i.e.,  the  more  fibres  it  contains  arranged  parallel 
to  each  other. 

2.  The  longer  the  muscle,  the  higher  it  can  lift 
a  weight. 

3.  When  a  muscle  begins  to  contract,  it  can  lift 
the  largest  load  ;  as  the  contraction  proceeds,  it 

can  only  lift  a  less  and  less  load  and  when  it  is  ^  ^^.^^.^^^  ^^^^^  ^^^^^ 

at  its  maximum  of  shortening,  only  relatively  very      ^  is  raised, 

light  loads. 

4.  By  the  term  "  absolute  muscular  force  "  is  meant,  according  to  Ed.  Weber, 
just  the  weight  which  a  muscle  undergoing  maximal  stimulation  is  no  longer  able 
to  lift  (the  muscle  being  in  its  normal  resting  phase),  and  without  the  muscle  at 
the  moment  of  stimulation  being  elongated  by  the  weight. 


50 


100 


150 


200  , 
250 
grammes. 


Fig.  338. 


490 


TESTING  INDIVIDUAL  ML'SCLES. 


Comparative.— Coinpailiig  tlie  absolute  muscular  force  of  different  muscles,  even  in  different 
animals,  it  is  usu;d  to  calculate  it  with  reference  to  that  of  a  snuare  centimetre.  The  mean 
transverse  section  of  a  muscle  is  obtained  by  dividing  its  volume  by  its  length.  The  volume  is 
equal  to  the  absolute  weight  of  the  muscles  divided  by  its  specific  gravity  =  1058.  The  absolute 
muscular  force  for  1  □  centimetre  of  a  frog's  muscle  =  2 -8  to  3  kilos.  [6 '6  lbs.]  Rosen- 
than  ;  for  1  □  centimetre  of  human  muscle  =  7  to  8  [Hcnkc  and  Knorz),  or  even  9  to  10  kilos. 
[20  to  23  lbs.]  {Korstcr,  IlaucjiUon).  Insects  can  perform  an  extraordinary  an.iount  of  woi'k— 
an  insect  can  drag  along  si.xty-seven  times  its  body-weight  ;  a  horse  scarcely  three  times  its 
own  weiglit. 

5.  During  tetanus,  when  a  weiglit  is  kept  suspended,  no  work  is  done  as  long  as 
the  weight  is  suspended,  but  of  course  work  is  done  in  the  act  of  lifting  the  load. 
To  produce  tetanus,  successive  stimuli  are  required,  the  muscular  metabolism  is  in- 
creased, and  fatigue  rapidly  occurs.  The  potential  energy  in  this  case  is  converted 
into  heat  (§  302).  When  a  muscle  is  stimulated  with  a  maximal  stimulus,  it  can- 
not lift  so  great  a  weight  with  one  contraction  as  w'hen  it  is  stimulated  tetanically 
{Hermann).  The  energy  evolved,  even  during  tetanu.s,  is  greater  the  more  frequent 
the  stimulation,  at  least  up  to  100  stimuli  per  second  {Bernstein). 

II.  Medmm.  Stimuli. — If  a  muscle  be  caused  to  contract  by  stimuli  of  moderate 
strength,  i.e.,  such  as  do  not  cause  a  maximal  contraction,  there  are  two  possibilities: 
— Either  the  feeble  stimulus  is  kept  constant  whilst  the  load  is  varied,  in  which 
case  the  amount  of  work  done  follows  the  same  law  as  obtains  for  maximal  stimula- 
tion ;  or,  the  load  may  be  kept  the  same,  whilst  the  strength  of  the  stimulus  is 
varied.  In  the  latter  case,  Fick  observed  that  the  height  to  which  the  load  was 
lifted  increased  in  a  direct  ratio  with  the  strength  of  the  stimulus. 

The  stimulus  which  causes  a  muscle  to  contract  must  reach  a  certain  strength  or  intensity 
before  it  becomes  effective,  i.e.,  the  "liminal  intensity"  of  the  stimulus,  but  this  is  independ- 
ent of  the  weight  applied  to  the  muscle.  Witli  minimal  stimuli,  a  small  weight  is  raised 
higher  than  a  large  one,  but  as  the  stimulus  is  increased,  the  contractions  also  increase  in  a 
larger  ratio  with  an  increased  load  {i\  Kries). 

The  blood-stream  within  the  muscles  of  an  intact  body  is  increased  during 
muscular  activity.  The  blood-vessels  of  the  muscle  dilate,  so  that  the  amount  of 
blood  flowing  through  them  is  increased  {Lmhrir/  and  Srzelkoir^.  At  the  time  that 
the  motor  fibres  are  excited,  so  also  are  the  vaso-dilator  fibres,  which  lie  in  the 
same  nervous  channels  (§  "294,  II.).  [Gaskell  found  that  faradisation  of  the  nerve 
of  the  mylohyoid  muscle  of  the  frog  not  only  caused  tetanus  of  the  muscle,  but 
also  dilatation  of  its  blood-vessels.] 

Testing  Individual  Muscles. — In  estimating  the  absolute  force  of  the  individval  muscles  or 
groups  of  muscles  in  man,  we  must  always  pay  particular  attention  to  the  physical  relations, 

i.e.,  to  the  arrangement  of  the  levers,  direction 
of  the  traction,  degree  of  shortening,  kc.  (§  30(3\ 
Dynamometer. — The  absolute  force  of  certain 
groups  of  mu.scles  is  very  conveniently  and 
practically  ascertained  by  means  of  a  dyna- 
mometer (fig.  339).  This  instrument  is  very 
useful  for  testing  the  difference  between  the 
power  of  the  two  arms  in  cases  of  paralysis. 
The  patient  grasps  the  instrument  in  his  hand 
and  an  index  registers  the  force  exerted. 
Tpjj,^  0.33  Quetelet  has  estimated  the  force  of  certain 

Dynamometer  of "Mathieu.  t "  k'^^'^TV  n  ^"'"'Tm  n  ' 

J  to  be  =  /  O  Ivilos. ;  while  by  pulling  he  can  move 

double  this  weight.    The  force  of  the  female  hand  is  one-third  less.    A  man  can  carry  more 

than  double  his  own  weight  ;  a  woman  about  the  half  of  this.    Boys  can  carry  about  one-third 

more  than  girls.    [Very  convenient  dynamometers  are  made  by  Salter  of  Birmingham,  both 

for  testing  the  strength  of  pull  and  squeeze  ;  in  testing  the  former,  the  instrument  is  held  as 

an  archer  holds  his  bow  when  in  the  act  of  drawing  it,  and  the  strength  of  pull  is  given  by  an 

index  ;  in  the  latter  another  form  of  the  instrument  is  used.    Large  numbers  of  observations 

were  made  by  means  of  these  instruments  by  Francis  Galton  at  the  Health  Exhibition,  1885.] 

Amount  of  Work  Daily.— In  estimating  the  work  done  by  a  man,  we  have  to  consider,  not 

only  the  amount  of  work  done  at  any  one  moment,  but  liow  often,  time  after  time,  he  can 
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succeed  in  i\oin§i  work.  The  mean  value  of  the  daily  work  of  a  man  working  eiglit  hours  a 
day  is  10  (10-5  to  11  at  most)  kilogramme-metres  per  second,  i.e.,  a  daily  amount  of  work  = 
*2SS, 000  (300,000)  kilogramme-metres. 

[Ergostat.— Sometimi-s  it  is  desirable  that  iiatients— especially  those  who  suffer  from  excessive 
corpulence— should  do  a  certain  amount  of  work  daily  ;  this  can  be  carried  out  by  Gaertner's 
Ergostat,  which  resembles  a  winch,  driven  by  a  handle.  The  pressure  upon  the  wheel  can  be 
regulated  by  means  of  a  strap,  lever,  and  weights,  and  according  to  the  weight  and  number  of 
revolutions  of  the  wheel,  can  the  amount  of  mei-hanical  work  be  accurately  regulated.  This 
instrument  is  recommended  for  therapeutical  purposes.] 

Modifying  Conditions.— Many  substances,  after  being  introduced  into  the  bodv,  diminish, 
and  ultimately  i)aralyse  the  production  of  work— mercury,  digitalin,  helleborin,  potash  salts,  &c. 
Others  increase  the  muscular  activity— veratrin  {liossbdch),  glycogen,  [catiein,  and  allied  alka- 
loids], muscarin  {Klug  ami  Fr.  Hiii/t/es),  kreatin  and  hvpoxanthin  ;  extract  of  nu^at  rapidly 
restores  the  nuuscles  after  fatigue  (A'o^'rO.  [Those  drugs  "which  excite  muscular  tissue  restore 
it  after  fatigue.  Kreatin  is  a  waste  ]n-oduct  of  muscle,  and  beef-tea  and  Liebig's  extract  of 
meat  perhai)s  owe  their  restorative  (qualities  i>artly  to  these  extractives.] 

301.  THE  ELASTICITY  OF  MUSCLE.— Physical.— Every  elastic  body  has  its  "natural 
shape,"  i.e.,  its  shape  when  no  external  force  (tension  or  pressure)  acts  upon  it  so  as  to  distort 
it.  Thus,  the  passive  muscle  has  a  "natural  form."  If,  however,  a  muscle  be  extended 
in  the  course  of  its  tibre.s,  the  parts  of  the  muscle  are  evidently  pulled  asunder.  If  the 
stretching  be  carried  only  to  a  certain  degree,  the  muscle,  in  virtue  of  its  elasticity,  will  regain 
its  natural  form.  Such  a  body  is  said  to  possess  "  complete  elasticity,"  i.e.,  after  being 
stretched  it  regains  exactly  its  original  shape.  By  the  term  "  amount  of  elasticity  "  {modulus) 
is  meant  the  weight  (expressed  in  kilogrammes)  necessary  to  extend  an  elastic  body  1  □  milli- 
metre in  diameter,  its  own  length,  without  the  body  breaking.  Of  course  many  bodies  are 
ruptured  before  this  occurs.  For  a  passive  muscle  it  is  ^0'2734  (  Wundt)  [that  of  bone  =  2264 
{IVcrthcim),  tendon  =  1-6693,  nerve  =  1-0905,  the  arterial  Avails  =  0-0726  (JFmidt)].  Thus,  the 
amount  of  elasticity  of  a  passive  muscle  is  small,  as  it  requires  only  a  slight  stretching  force  to 
extend  it  to  its  own  length.  It  has,  therefore,  no  great  amount  of  elasticity.  The  term 
"  coefficient  of  elasticity  "  is  applied  to  the  ft  action  of  the  length  of  an  elastic  body,  to  which 
it  is  elongated  by  the  unit  of  weight  applied  to  stretch  it.  It  is  large  in  a  passive  muscle.  If 
the  tension  be  sufiicientlj' great,  the  elastic  body  ruptures  at  last.  The  "carryinij  cajmcMy" 
of  muscular  tissue,  until  it  raptures,  is  in  the  following  ratios  for  youth,  middle,  and  old  age, 
nearly  7:3:  2.  [Instead  of  the  word  "elasticity,"  Brunton  suggests  the  use  of  extensibility 
and  retractibility,  terms  suggested  by  Iklarey,  the  one  referable  to  the  elongation  on  the  appli- 
cation of  a  weight,  and  the  other  to  the  shortening  after  its  removal.] 

Curve  of  Elasticity. — In  inorganic  elastic  bodies,  the  line  of  elongation,  or  the 
extension,  is  directli/  jJTOjm'tional  to  the  extending  loeight ;  in  organic  bodies,  and 
therefore  in  muscle,  this  is  not  the  case,  as  the  weight  is  continually  increased  by- 
equal  increments — the  muscle  is  less  extended  than  at  the  beginning,  so  that  the 
extension  is  not  jivopiyrtional  to  the  veight.    If  equal  weights  be  added  to  a  scale- 


Fig.  340.  Fig.  341.  Fig.  342. 

Fif   340. — Curve  of  elasticity  from  an  inorganic  body  (india-rubber).    Fig.  341.— Curve  of 
"  elasticity  from  the  sartorius  of  a  frog,  olitained  by  adding  equal  increments  of  weight  at 

A,  B,  C,  &c.    Fig.  342.— Curve  of  elasticity  produced  by  continuous  extension  and  recoil 

of  a  frog's  muscle  ;  0  .v,  abscissa  before,  0/  after  extension, 
pan  attached  to  a  piece  of  india-rubber,  with  a  writing-lever  connected  with  it,  and 
writing  its  movements  on  a  plate  of  glass  that  can  be  moved  with  the  hand,  we 
get  such  a  curve  as  in  fig.  340,  while,  if  the  same- be  done  with  the  sartorius  of  a 
frog,  we  get  a  result  sim^ilar  to  fig.  341.  A  straight  line  joins  the  apices  of  the 
former,  w'hile  the  curve  of  elasticity  is  a  hyperbola,  or  something  near  it,  in  the 
latter  case. 
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Elastic  After-Effect.— At  the  same  time,  after  the  first  elongation,  correspond- 
ing to  the  extending  weight,  is  reached,  the  muscle  may  remain  for  days,  and  even 
weeks,  somewhat  elongated.  This  is  called  the  ''elastic  after-effect"  (§  65). 
[Marey  attached  a  lever  to  a  frog's  muscle,  and  allowed  the  latter  to  record  its 
movements  on  a  slowly  revolving  cylinder.  To  the  lever  was  fixed  a  vessel  into 
which  mercury  slowly  flowed.  This  extended  the  muscle,  and  when  it  had  ceased 
to  elongate,  the  mercury  was  allowed  slowly  to  run  out  again.  The  curve  obtained 
is  shown  in  fig.  342.  The  abscissa?,  o  x  and  x,  indicate  the  position  of  the  writing- 
style  before  and  after  the  experiment,  and  we  observe  that  x  is  lower  than  o  x,  so 
that  the  recoil  is  imperfect.  There  has  been  an  actual  elongation  of  the  muscle, 
so  that  the  limit  of  its  elasticity  is  exceeded.  Although  a  frog's  gastrocnemius 
may  be  loaded  with  1500  grammes  without  rupturing  it,  100  grammes  will  prevent 
its  regaining  its  original  length.] 

Method. — In  order  to  test  the  elasticity  of  a  muscle,  fix  it  to  a  support  provided  with  a 
graduated  scale,  and  to  the  lower  end  of  the  muscle  attach  a  scale-pan,  in  which  are  place<l 
various  weights,  measuring  on  each  occasion  the  corresponding  elongation  of  the  muscle  thereby 
obtained  [Ed.  JFcber).  In  order  to  obtain  the  curve  of  elongation  or  extensibility  take  as 
abscissK  the  successive  units  of  weight  added,  and  the  elongation  corresponding  to  each  weight 
as  ordinates.    Example  from  tiie  hyoglossus  of  the  frog: — 


Weight  in  Grammes. 

Length  of  the  Muscle 
in  Millimetres. 

Extension. 

In  Millimetres.         j  Percentage. 

0-3 

24-9 

1-3 

30-0 

5-1 

20 

2-3 

32-3 

2-3 

7 

3-3 

33-4 

1-1 

3 

4-3 

34-2 

0-8 

2 

5-3 

34-6 

0-4 

1 

The  elasticity  of  passive  muscle  is  S7)ia/l,  but  very  complete,  and  is  comparable 
to  that  of  a  caoutchouc  fibre.  Saiall  weights  greatly  elongate  the  muscle.  If  the 
weights  be  uniformly  increased,  there  is  not  a  uniform  elongation  ;  with  equal 
increments  of  weight,  the  greater  the  load,  the  increase  in  elongation  always 
becomes  less ;  or,  to  express  it  in  another  way,  the  amount  of  elasticity  of  the 
passive  muscle  increases  with  its  increased  extension  (Ed.  Webe)-}. 

In  inorganic  bodies,  the  curve  of  extension  is  a  straight  line,  but  in  organic 
bodies,  it  more  closely  resembles  a  hyperbola  ( Wertlieivi).  The  elasticity  of  a 
passive  fatigued  muscle  does  not  differ  essentially  from  that  of  a  non-fatigued 
muscle. 

Muscles  in  the  living  body,  and  still  in  connection  with  their  nerves  and  blood-vessels,  are 
more  extensible  than  excised  ones.  Muscles,  when  quite  fresh,  are  elongated  (within  certain 
small  limits  as  regards  the  weight)  at  first  with  a  uniformly  increasing  weight,  to  an  extent 
proportional  to  the  latter,  just  as  with  an  inorganic  body.  When  heavy  weights  are  used,  we 
must  be  careful  to  take  into  consideration  the  "■clastic  after-effect''  (§  65). 

The  volume  of  a  stretched  muscle  is  slightly  less  than  an  unstretched  one,  similar  to  the 
contracted  (§  297,  2)  and  stiffened  muscle  (§  295). 

Dead  muscles  and  muscles  in  rigor  mortis  have  greater  elasticity,  i.e.,  they  require  a  heavier 
weight  to  stretch  them  than  fresh  muscles ;  but,  on  the  other  hand,  the  "elasticity  of  dead 
muscles  is  less  complete,  i.e.,  after  they  are  stretched,  they  only  recover  their  original  form 
within  certain  limits. 

Elasticity  of  Intact  Muscles.— Normally,  within  the  body,  the  muscles  are 
stretched  to  a  very  slight  extent,  as  can  be  shown  by  the  slight  degree  of  retraction 
which  occurs  when  the  insertion  of  a  muscle  is  divided.  This  slight  deoree  of 
extension,  or  stretching,  is  important.  If  this  were  not  so,  when  a  muscle  is  about 
to  contract,  and  before  it  could  act  upon  a  bone  as  a  lever,  it  would  have  to  "  take 
in  so  much  slack."    The  elasticity  of  muscles  is  manifested  during  the  contraction 
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of  antagonistic  muscles.  The  position  of  a  passive  limb  depends  upon  the 
resultant  of  the  elastic  tension  of  the  different  muscle  groups. 

The  elasticity  of  an  active  muscle  is  less  than  that  of  a  passive  muscle,  i.e.,  it 
is  elongated  by  the  same  weight  to  a  greater  extent  than  a  passive  muscle.  For 
this  reason,  the  active  muscle,  as  can  be  shown  in  an  excised  contracted  muscle,  is 
softer ;  the  apparently  great  hardness  manifested  by  stretched  contracted  muscles 
depends  upon  their  tension.  When  the  active  muscle  becomes  fatigued,  its 
elasticity  is  diminished  (§  304). 

Method.— Ed.  Weber  took  the  liyoglossus  muscle  of  a  frog  and  suspended  it  vertically, 
noticing  Its  length  when  it  was  jyassive.  It  was  then  tetanised  with  induction  shocks  and  its 
height  again  noted.  One  after  the  other  heavier  weights  were  attached  to  it,  and  the  length 
of  the  passive  and  tetanised  muscle  observed  for  each  weight.  The  extent  to  which  the  active 
loaded  muscle  shortened  from  the  jjosition  of  the  passive  loaded  muscle  he  called  the  "height 
of  the  lift"  (or  "  Hubhiihe  ").  The  latter  becomes  less  as  the  weight  increases,  and  lastly, 
the  tetanised  muscle  may  be  so  loaded  that  it  cannot  contract,  i.e.,  the  height  of  the  lift  is  =  0. 

Weber's  Paradox.— The  case  may  occur  where,  when  a  muscle  is  so  loaded  that  it  cannot 
contract  when  it  is  stimulated,  it  may  even  elongate.  According  to  Wundt,  even  in  this 
condition  the  elasticity  is  not  changed.  [The  usual  explanation  given  is  that,  as  the  elasticity 
of  a  muscle  is  diminished  during  contraction,  it  is  more  extended  with  the  same  weight  in  the 
contracted  as  compared  witli  the  passive  or  uncontracted  state,  so  that  a  heavily  weighted 
muscle,  when  stimulated,  may  elongate  instead  of  shorten.]  According  to  Wundt,  however, 
as  stated,  there  is  no  change  in  the  elasticity  of  the  nuiscle.  In  the.se  experiments,  the  length 
of  the  active  loaded  muscle  is  equal  to  the  length  of  the  passive  muscle  when  similiarly  loaded, 
minus  the  "height  of  the  lift." 

Poisons. — Potash  causes  shortening  of  a  muscle  with  simultaneous  increase  of  its  elasticity. 
Digitalin  produces  other  changes  with  increased  elasticity.  Physostigmin  increases  it,  while 
veratrin  diminishes  it,  and  interferes  with  its  completeness  {Rosshach  and  v.  Anrc])),  and. tannin 
makes  a  muscle  less  extensible,  but  more  elastic  (Lciuin).  Ligature  of  the  blood-vessels 
produces  at  first  a  decrease,  and  then  an  increase,  of  the  elasticity  ;  section  of  the  motor  nerve 
diminishes  the  elasticity  {v,  Anrep)  ;  heat  increases  it. 

Eduard  Weber  concluded  from  his  experiments  that  a  muscle  assumes  two  forms,  the  active 
and  the  passive  form.  Each  of  these  corresponds  to  a  special  natural  form.  The  passive  muscle 
is  longer  and  thinner — the  active  is  shorter  and  thicker  in  form.  The  passive  as  well  as  the 
active  muscle  strives  to  retain  its  form.  If  the  pas.sive  muscle  be  set  into  activity,  the  passive 
rapidly  changes  into  the  active  form,  in  virtue  of  its  elastic  force.  The  latter  is  the  energy 
which  causes  muscular  work.  Schwann  compared  the  force  of  an  active  muscle  to  a  long, 
elastic,  tense  spiral  spring.  Both  can  lift  the  greatest  weight,  only  from  that  form  in  which 
they  are  most  stretched.    The  more  they  shorten,  the  less  the  weight  which  they  can  lift. 

[Uses  of  Elasticity. — As  already  pointed  out,  all  muscles  are  slightly  on  the 
stretch,  so  that  no  time  is  lost  nor  energy  wasted,  in  "taking  in  slack,"  as  it  were; 
but  the  elasticity  also  lessens  the  shock  of  the  contraction,  so  that  it  is  developed 
gradually,  and  muscles  are  not  liable  to  be  torn  from  their  attachments.  The 
muscular  energy  is  transmitted  to  the  mass  to  be  moved  through  an  elastic  and 
easily  extensible  body  (muscle),  whereby  the  shock  due  to  the  contraction  is 
lessened,  but,  as  Marey  has  shown,  the  amount  of  work  is  thereby  considerably 
increased.] 

[Tonicity  of  Muscle  (§  362) — Sensibility  of  Muscle.— That  muscles  contain  sensory  fibres  is 
certain  430).  Section  of  inflamed  muscles  is  painful,  and  during  muscular  cramp  intense  pain 
is  felt.  Sachs  discharged  a  reflex  action  by  stimulating  the  central  end  of  an  intra-muscular 
nerve-tilament  in  a  frog,  while  stimulation  of  the  central  end  of  the  phrenic  nerve  raises  the 
blood-pressure  {Muscular  Sense,  §  430).] 

302.  Formation  of  Heat  in  an  Active  Muscle.— After  Bunzen,  in  1805 
(§  209,  1,  b),  showed  that  during  muscular  activity  heat  is  evolved,  v.  Helmholtz 
proved  that  an  excised  frog's  muscle,  when  tetcmised  for  two  to  three  minutes, 
exhibited  an  increase  of  its  temperature  of  O'li"  to  0-18°  C.  R.  Heidenhain 
succeeded  in  showing  an  increase  of  O'OOr  to  0*005°  C.  for  each  single  contraction. 
The  heart  is  warmer  during  every  systole  (Marey). 

[Method. — The  rise  in  temperature  of  a  frog's  muscle  may  be  estimated  by  placing  the  two 
castrocnemii  of  a  frog's  muscle  on  the  two  junetion.s  of  a  thermo-electric  pile,  connected  with  a 
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heat  galvanometer.  Of  course,  when  the  two  muscles  are  at  the  same  temperature,  the  needle 
of  tlie  f-alvanouieter  is  statiouarv  ;  but,  it'  one  muscle  is  made  to  contract,  or  is  tetanised,  then 
an  electncal  current  is  set  up  winch  deflects  the  needle  (§  208,  B).  Lujaiikow  has,  by  means  of 
a  delicate  thermometer  placed  between  the  thigh  muscles  of  a  dog,  estimated  the  rise  of  tempera- 
ture under  difl'erent  conditions  of  the  muscle,  while  the  latter  was  still  in  situ  and  intact  ] 

The  following  facts  have  been  ascertaiaed  with  regard  to  the  development  of 
heat : — 

1.  Relation  to  Work. — It  bears  a  relation  to  the  amount  of  work. 

(a)  If  a  muscle  during  contraction  carries  a  weight  which  extends  it  again  during 
rest,  no  work  is  transferred  beyond  the  muscle  (§  300).  In  this  case  all  the 
chemical  potential  energy  during  this  movement  is  converted  into  heat.  Under 
these  circumstances,  the  amount  of  heat  evolved  runs  parallel  with  the  amount  of 
work  done,  i.e.,  it  increases  as  the  load  and  the  height  increase  up  to  a  maximum 
point,  and  afterwards  diminishes  as  the  load  is  increased.  The  heat-maximum 
is  reached  with  a  less  load  sooner  than  the  work-maximum  {Hei<fr>ikain). 

(b)  If,  when  the  muscle  is  at  the  height  of  its  contraction,  the  load  he  remuccd, 
then  the  muscle  has  produced  work  referable  to  something  outside  itself  ;  in  this 
case  the  amount  of  heat  produced  is  less  {A.  FicJc).  The  amount  of  work  produced, 
and  the  diminished  amount  of  heat  formed,  when  taken  together,  represent  the 
same  amount  of  energy,  corresponding  to  the  law  of  the  conservation  of  energy. 

(c)  If  the  same  amount  of  work  is  performed  in  one  case  by  many  but  small 
contractions,  and  in  another  by  fewer  but  larger  contractions,  then,  in  the  latter 
case,  the  amount  of  heat  is  greater  {Heidenhain  and  Nawalichin).  This  shows  that 
larger  contractions  are  accompanied  by  a  relatively  greater  metabolism  of  the  mus- 
cular substance  than  small  contractions,  which  is  in  harmony  with  practical  experi- 
ence ;  thus  the  ascent  of  a  tower  with  steep  high  steps  causes  fatigue  more  rapidly 
(metabolism  greater)  than  the  ascent  of  a  more  gentle  slope  with  lower  steps. 

(d)  If  the  w'eighted  muscle  executes  a  series  of  contractions  one  after  the  other, 
and  at  the  same  time  does  work,  then  the  amount  of  heat  it  produces  is  greater  than 
when  it  is  tetanic,  and  keeps  a  weight  suspended.  Thus,  the  transition  of  the 
muscle  into  a  shortened  form  causes  a  greater  production  of  heat  than  the  mainten- 
ance of  this  form. 

2.  Relation  to  Tension. — The  amount  of  heat  evolved  depends  upon  the  tension 
of  the  musde ;  it  also  increases  as  the  muscular  tension  increases  {Hddenhain).  If 
the  ends  of  a  muscle  be  so  fixed  that  it  cannot  conti'act,  the  maximum  of  heat  is 
obtained  (Beclard),  and  this  the  more  quickly  the  more  rapidly  the  stimuli  follow 
each  other  (Fick).  Such  a  condition  occurs  during  tetanus,  in  which  condition  the 
violently  contracted  muscles  oppose  each  other,  and  very  high  temperatures  have 
been  registered  by  Wunderlich  (§  213,  7),  while  the  same  is  true  of  animals  that 
are  tetanised  {Let/den).  Dogs  kept  in  a  state  of  tetanus  by  electrical  stimulation 
die,  because  their  temperature  rises  so  high  (44°  to  45°  C.)  that  life  no  longer  can 
be  maintained  {Richet).  In  addition  to  the  formation  of  heat,  there  is  a  consider- 
able amount  of  acid,  and  of  alcoholic  extractives  produced  in  the  muscular  tissue. 

3.  Relation  to  Stretching^. — Heat  is  also  evolved  during  the  elongation  or 
relaxation  of  a  contracted  muscle,  e.g.,  by  causing  a  muscle  to  contract  without  the 
addition  of  any  weight,  and  loading  it  when  it  begins  to  relax,  whereby  heat  is 
produced  [St  euier,  Schniulewitsch,  and  e.stc7'7Ha)i),  If  weights  be  attached  to  a 
muscle  by  means  of  an  inextensible  medium,  and  the  weights  be  allowed  to  fall 
from  a  height  so  as  to  give  a  jerk  to  the  muscle,  then  an  amount  of  heat  equivalent 
to  the  work  done  by  the  drop,  is  set  free  in  the  muscle  (Fick  and  Danileivski/). 

4.  The  formation  of  heat  diminishes  as  the  muscular  fatigue  increases. 

5.  In  a  muscle  duly  supplied  with  blood,  the  production  of  heat  (as  well  as  the 
mechanical  work)  is  far  more  active  than  in  a  muscle  whose  blood-vessels  are 
ligatured  or  its  blood-stream  cut  off.    Recovery  takes  place  more  rapidly  and  com- 
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pletely  after  fatigue,  while,  at  the  same  time,  there  is  a  new  increase  in  the  produc- 
tion of  heat  {Meade  Smith). 

The  amount  of  work  and  heat  in  a  muscle  must  always  corresponil  to  the  transformation  of 
an  eciuivalent  amount  of  chemical  energy.  A  greater  part  of  this  energy  is  manifested  as  work, 
the  greater  the  resistance  that  is  oftered  to  the  muscular  contraction.  When  the  resistance  is 
great,  J  of  the  chemical  energy  may  be  manifested  as  work,  but  when  it  is  small,  onlv  a  small 
part  of  it  is  so  converted. 

It  was  stated  tliat  a  nerve  in  action  is  C.  warmer  {VaUnlin),  but  this  is  denied  by 
V.  Helmholtz  and  Heidenhain. 

In  man,  if  the  nmscles  be  stimulated  with  electricity  or  contracted  voluutarilv,  the  i)roduc- 
tion  of  heat  may  be  detected  through  the  skin  (r.  Zicmsscn).  The  venous  blood  flowing  from 
an  actively  contracting  muscle  is  0-6°  C.  warmer  than  the  arterial  blood  {Mcadc  Smith). 

303.  THE  MUSCLE  SOUND.— Muscle  Sound.— When  a  muscle  contracts, 
and  is  at  the  same  time  kept  in  a  state  of  tension  by  the  application  of  sufficient 
resistance,  it  emits  a  distinct  sound  or  tone  with  a  semi-musical  quality,  depend- 
ing upon  the  intermittent  variations  of  tension  occurring  within  it  {Wollaston). 

Methods.— The  muscle  sound  may  be  heard  by  placing  tlie  ear  over  the  tetanically  contracted 
and  tense  biceps  of  another  person  ;  or  we  may  insert  the  tips  of  our  inde.x  Angers  into  our  ears, 
and  forcibly  contract  the  muscles  of  our  arm  ;  or  the  sound  of  the  muscles  that  close  the  jaw 
may  be  heard  by  forcibly  contracting  them,  especially  at  night  when  all  is  still,  and  when  the 
outer  ears  are  closed.  V.  Helmholtz  found  that  this' tone  coincides  with  the  resonance  tone  of 
the  ear,  and  he  thought  that  the  vibrations  of  the  muscles  caused  this  resonance  tone.  The 
sound  of  an  isolated  frog's  muscle  may  be  heard  by  placing  one  end  of  a  rod  in  the  ear,  the  other 
ear  being  closed.  To  the  other  end  of  the  rod  is  attached  a  loaded  frog's  muscle  kept  in  a  tetanic 
condition.  The  pitch  of  the  note,  i.e.,  the  number  of  vibrations,  may  be  estimated  by  com- 
paring the  nuiscle  sound  with  that  i)roduced  by  elastic  s^mngs  vibrating  at  a  known  rate. 

When  a  muscle  contracts  voluntarily,  i.e.,  through  the  will,  it  makes  19-5  vibra- 
tions per  second.  [Schiifer  and  others  give  the  number  as  10  successive  nervous 
impulses  per  second,  p.  486.]  We  do  not  hear  this  very  low  tone,  owing  to  the  number 
of  vibrations  per  second  being  too  few,  but  what  we  actually  hear  is  tha  first  over- 
tone, with  double  the  number  of  vibrations.  The  muscle  sound  has  19*5  vibrations, 
when  the  muscles  of  an  animal  are  caused  to  contract,  by  stimulating  its  npinal  cord 
{v.  Helmholtz),  and  also  when  the  motor  nerve-trunk  is  excited  by  chemical  means 
{Bernstein).  If,  however,  tetanising'  induction  shocks  be  applied  to  a  muscle,  then 
the  number  of  vibrations  of  the  muscle  sound  corresponds  exactly  with  the  number 
of  vibrations  of  the  vibrating  spring  or  hammer  of  the  induction  apparatus.  Thus, 
the  tone  may  be  raised  or  lowered  by  altering  the  tension  of  the  spring. 

Loven  found  tliat  the  muscle  sound  was  loudest,  when  the  weakest  currents  capable  of  pro- 
<lucing  tetanus  were  employed.  The  sound  corresponded  to  the  number  of  vibiations  of  the 
octave  just  below  it  in  the  scale.  AVitli  stronger  currents  the  muscle-sound  disappears,  but  it 
reappears  with  the  same  number  of  vibrations  as  that  of  the  interrupter  of  the  induction  ap- 
paratus, if  still  stronger  currents  are  used. 

If  the  induction  shocks  be  applied  to  the  nerve,  the  .sound  is  not  so  loud,  but  it 
lias  the  same  number  of  vibrations  as  the  interrupter.  AVith  rapid  induction 
shock.s,  tones  caused  by  704  {Loven)  and  1000  vibrations  per  second  have  been 
[iroduced  {Bernstein). 

The  first  heart-sound  is  partly  muscular  (§  53), 

A  single  induction  shock  is  said  to  cause  the  muscle-sound  in  a  contracting  muscle.  If  this 
"be  so,  it  is  doubtful  if  the  muscle-sonnd  can  be  regarded  as  a  sigu  that  tetanus  is  due  to  a 
series  of  single  variations  of  the  muscle  (§  298,  III.). 

304.  FATIGUE  AND  RECOVERY  OF  MUSCLE.— Fatigue.— By  the  term 
fatigue  is  meant  that  condition  of  diminished  capacity  for  work  which  is  produced 
in  a  muscle  by  prolonged  activity.  This  condition  is  accompanied  in  the  living 
person  with  a  peculiar  feeling  of  lassitude,  which  is  referred  to  the  muscles.  A 
fatigued  muscle  rapidly  recovers  in  a  living  animal,  but  an  excised  muscle  recovers 
only  to  a  slight  extent  {Ed.  Weber,  Vcdentin). 

[Waller  recognises  a  certain  resemblance  between  experimental  fatigue  and  the  natural  decline 
of  excitability  at  death,  in  disease,  and  in  poisoning.] 
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The  cause  of  fatigue  is  probably  partly  due  to  the  accumulation  of  decomposition- 
products  "  fatigue  stuflfs  "—in  the  muscular  tissue,  these  products  being  formed 

within  the  muscle  itself  during  its  activity.  They  are  phosphoric  acid,  either  free 
or  in  the  form  of  acid  phosphates,  acid  jyotassium  2^hosphate  (§  294),  glycerin- 
phosphoric  acid  (?)  and  COo.  If  these  substances  be  removed  from  a  muscle,  by 
passing  through  its  blood-vessels  an  indifferent  solution  of  common  salt  (0-6  per 
cent.),  or  a  weak  solution  of  sodium  carbonate  [or  a  dilute  solution  of  permanganate 
of  potash  (Kronecker)],  the  muscle  again  becomes  capable  of  energising  (J.  Banlr, 
1863).  The  using  up  of  0  by  an  active  muscle  favours  fatigue  (v.  Pettenkofer  and 
V.  Voit).  The  transfusion  of  arterial  blood  (not  of  venous — Bichat)  removes  the 
fatigue  {Ranke,  Kronecker),  probably  by  replacing  the  substances  that  have  been 
used  up  in  the  muscle.  Conversely,  an  actively  energising  muscle  may  be  rapidly 
fatigued  by  injecting  into  its  blood-vessels  a  dilute  solution  of  phosphoric  acid,  of 
acid  potassium  phosphate,  or  dissolved  extract  of  meat  {Kemmerich).  A  muscle 
fatigued  in  this  way  absorbs  less  O,  and  when  so  fatigued,  it  evolves  only  a  small 
amount  of  acids  and  CO.,.  The  conditions  which  lead  up  to  fatigue  are  connected 
with  considerable  metabolism  in  the  muscular  tissue. 

[Zabludowski  found  that  if  a  frog's  muscles  be  systematically  stimulated  by  maximum  in- 
duction shocks  until  they  cease  to  contract,  massage  or  kneading  them  rapidly  restored  their 
excitability,  while  simple  vest  had  little  effect.  Massage  acts  on  the  nerves,  but  chiefly  by 
favouring  the  blood-  and  lymph-streams  which  wash  out  the  waste  products  from  the  muscle. 
A  similar  result  obtains  in  man,  so  that  the  ancient  Roman  practice  of  "rubbing"  after  a  bath 
and  after  exercise  was  one  conducive  to  restoration  of  the  power  of  the  muscles.] 

Modifying  Conditions. — In  order  to  obtain  the  same  amount  of  work  from  a 
fatigued  muscle,  a  much  more  powerful  stimulus  must  be  applied  to  it  than  to  a 
fresh  one.  A  fatigued  muscle  is  incapable  of  lifting  a  considerable  load,  so  that 
its  absolute  muscular  force  is  diminished.  If,  during  the  course  of  an  experiment, 
an  excised  muscle  be  loaded  with  the  same  weight,  and  if  the  muscle  be  stimulated 
at  regular  intervals  with  maximal  stimuli  (strong  induction  shocks),  contraction 
after  contraction  gradually  and  regularly  diminishes  in  height,  the  decrease  being  a 
constant  fraction  of  the  total  .shortening.  Thus  the  fatigue-curve  is  represented  by  a 
straight  line  \i.e.,  a  straight  line  will  touch  the  apices  of  all  the  contractions].  The 
more  rapidly  the  contractions  succeed  each  other,  the  greater  is  the  fall  in  the  height 
of  the  contraction  [i.e.,  if  the  interval  between  the  contractions  be  short,  the  fatigue- 
curve  falls  rapidly  towards  the  abscissa],  and  conversely.  After  a  certain  number 
of  contractions,  an  excised  muscle  becomes  exhausted. 

This  result  occurs  whether  the  stimuli  are  applied  at  short  or  long  intervals 
{Kronecker),  and  a  similar  result  is  obtained  with  sub-maximal  stimuli  (Tiegel), 
A  fatigued  muscle  contracts  more  sloivly  than  a  fresh  one,  while  the  latent  period 
is  also  longer  during  fatigue  (p.  480).  The  fatigued  muscle  is  said  to  be  more 
extensible  {Bonders  and  van  Mansvelt).  If  a  muscle  be  so  loaded  that,  when  it 
contracts,  it  cannot  lift  the  load,  fatigue  occurs  even  to  a  greater  extent  than  when 
the  load  is  such  that  the  muscle  can  lift  it  {Leber).  The  metabolism  and  the  forma- 
tion of  acid  are  greater  in  a  contracted  muscle  kept  on  the  stretch,  than  in  a  con- 
tracted muscle  allowed  to  .shorten  {Ileidenhain).  If  a  mu.scle  contract,  but  be  not 
required  to  lift  any  load,  it  becomes  fatigued  only  very  gradually.  If  a  muscle  be 
loaded  only  during  contraction,  and  not  during  relaxation,  it  is  fatigued  more 
slowly  than  when  it  is  loaded  during  both  phases  ;  and  the  same  is  true  when 
a  muscle  has  to  lift  its  load  only  during  the  course  of  its  contraction,  instead  of  at 
the  beginning  of  the  contraction.  Loads  may  be  suspended  to  perfectly  passive 
muscles  without  fatiguing  them  {Ilarless,  Leber). 

[Signs  of  Fatigue  (fig.  .343).— In  the  record  of  the  series  of  contractions  ;  (1) 
the  contractions  become  more  prolonged;  (2)  they  decrease  in  height;  (3)  the 
latent  period  becomes  longer ;  (4)  if  maximal  shocks  be  used,  the  begmniug  of  the 
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series  exhibits  a  "staircase 
(§  57).] 


character  of  its  contractions  just  like  the  heart 


[AVliilc  an  excised  frog's  muscle  is  laiily  rapidly  exhausted  by  single  opening  induction 
sliocks  at  intervals  ot  one  second,  human  muscle  in  its  normal  relations  may  be  almost  in- 
dehnitely  so  treated,  and  there  is  no  change 
in  the  record  or  any  sensation  of  fatii,'iie. 
Waller  regards  this  as  favouring  the  view- 
that  the  "fatigue  conseijuent  upon  pro- 
longed muscular  exertion  is  normally  cen- 
tral rather  than  peripheral."  Such  results, 
however,  do  not  harmonise  with  those  of 
Zabludowski  on  the  kneading  of  muscles,  or 
massage.  Probably  there  are  two  factors, 
one  central,  the  other  periidieral.] 

Blood  Supply.— If  the  arteries  of  a  mam- 
mal be  ligatured,  stimulation  of  the  motor  Fi"  343 
T'oln  1"'^;^""^"  complete  fatigue  after  120  Fatigue-curve  of  a  frog's'nmscle.    The  sciatic  nerve 
to  240  contractions  (in  two  to  tour  minutes).     ,vas  stimulated  with  maximal  induction  shocks 
but  direct  muscular  stimulation  still  causes     and  every  fifteenth  contraction  recorded  {Stir- 
the  muscles  to  contract.    In  both  cases  the 
fatigue-curve  is  in  the  form  of  a  straight 

line.  If  the  blood  supidy  to  a  mammalian  muscle  be  normal,  on  stimulating  the  motor 
nerve,  the  muscular  contractions  at  first  increase  in  height  and  then  fall,  their  apices  forming 
a  straiglit  line  {lioasbach  and  Hartcncck).  In  persons  who  have  used  their  muscles  until  fatigue 
sets  in,  it  is  found  that  at  the  beginning  the  nerves  and  muscles  react  better  tu'galvanic  and 
faradic  stimulation,  but  afterwards  always  to  a  less  degree  {Orschanithi),  According  to  v.  Kries, 
a  inuscle  tetanised  and  fatigued  with  maximal  stimuli  behaves  like  a  fresh  muscle  tetanised 
with  sub-maximal  stimuli  ;  both  show  an  incomplete  transition  from  the  2>assive  to  the  active 
condition. 

[Relation  of  End-Plates. — Muscle  is  fatigued  far  more  rapidly  than  nerve,  and  the  fatigue 
begins  in  the  muscle  and  not  in  the  nerve,  and  it  seems  to  be  the  weakest  link  in  the  chain 
between  nen'e  and  muscle  which  is  atl'ected  during  excessive  action,  viz.,  the  motor  end-plate 
( JV allcr).  In  a  nerve  its  conductivity  is  sooner  affected  by  fatigue  than  its  direct  excitability. 
Waller  finds  that  after  death  "  the  excitability  of  a  nerve  persists  when  its  action  upon  muscle 
has  ceased,  such  muscle  being  still  excitable  by  direct  stimulation."  Some  link  in  the  chain  is 
obviously  afiected,  and  it  is  perhaps  the  end-plates.] 

[Action  of  Drugs  on  Fatigue. — Waller  finds,  in  a  frog  poisoned  with  veratrin,  that  if  the 
muscles  be  stimulatetl  electrically,  the  characteristic  elongation  of  the  descent  (§  298)  gradually 
disappears,  but  reapi)ear.s 
after  a  i)eriod  of  rest.  In 
this  res[)ect,  strychnin  in 
its  action  on  the  s}iinal 
cord  behaves  precisely 
the  same  as  veratrin  on 
muscle,  viz.,  its  effect  is 
dissi[)ated  by  action  and 
restored  bj'rest.]  Curaia 
and  the  ptomaines  cause 
an  irregular  course  of  tlie 
fatigue-curve  {Guarcschi 

amlMosso).   [If strychnin  „  ,    .     ,  ,     i-  .     ,    •       ^  ,  •      r  r 

be  iniected  into  a  fro"-  Curves  obtained  by  direct  stimulation  of  tlie  gastrocnemius  of  a  frog 
and  the  sciatic  nerve  ml  poisoned  with  strychnin,  the  .sciatic  nerve  divided  on  one  side  (upper 
one  side  divided  after  the  ci"'^'^)  ^^^^  ^n  the  other  (lower  or  fatigue-curve), 
strychnin  tetanus  has  lasted  for  a  time,  the  leg  muscles  of  the  side  with  the  nerve  undivided 
exhibit  signs  of  fatigue,  as  shown  by  direct  stimulation  of  the  muscles  of  both  legs,  when  a 
curve  similar  to  fig.  344  is  obtained.  The  higher  one  is  the  non-fatigued,  the  lower  that  of  the 
side  with  the  nerve  undivided  {JFaller).] 

Recovery  from  the  condition  of  fatigue  is  promoted  by  passing  a  constant  electrical 
ctirrent  through  the  entire  length  of  the  fnuscle  {lleidmhain),  also  by  injecting 
fresh  arterial  blood  into  its  blood-vessel,  or  by  very  small  doses  of  veratrin,  [or 
Tiermanganate  of  potash],  and  by  rest. 

If  the  muscle  of  au  intact  animal  be  stimulated  continuously  (fourteen  days  or  so),  until 
complete  fatigue  occurs,  the  muscular  fibres  become  granular  and  exhibit  a  wax-like  degenera- 

2  I 
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tion.  The  transverse  striation  is  still  visible  as  long  as  the  sarcous  substance  is  in  large  masses, 
but  as  soon  as  it  breaks  up  into  suiall  pieces  the  transverse  striation  disappears  completelj' 
{0.  Roth). 

305.  MECHANISM  OF  THE  BONES  AND  JOINTS.— Bones  exhibit  in  tlie 
inner  architecture  of  their  spongiosa  an  arrangement  of  their  lamellae  and  spicules 
which  represents  the  static  result  of  those  forces — pressure  and  traction — which  act 
on  the  developing  bone  (Structure  of  Bone,  §  447).  They  are  so  arranged  that, 
with  the  minimum  of  material,  they  afford  the  greatest  resistance  as  a  supporting 
structure  or  framework  (//.  v.  Meyer,  Culmann,  Jul.  Wolff). 

I.  The  joints  permit  the  freest  movements  of  one  bone  upon  another,  [such  as  exist  between 
the  extremities  of  the  bones  of  the  limbs.  In  other  cases,  sutures  are  formed,  which,  while 
permitting  no  movement,  allow  the  contents  of  the  cavity  which  they  surround  to  enlarge,  as 
in  the  case  of  the  cranium].  The  articular  end  of  a  fresh  bone  is  covered  with  a  thin  layer  or 
plate  of  hyaline  cartilage,  which  in  virtue  of  its  elasticity  moderates  any  shocks  or  impulses 
communicated  to  the  bones.  The  surface  of  the  articular  cartilage  is  perfectly  smooth,  and 
facilitates  an  easy  gliding  movement  of  the  one  surface  upon  the  other.  At  the  outer  boundary 
line  of  the  cartilage,  there  is  fixed  the  capsule  of  the  joint,  which  encloses  the  articular  ends  of 
the  bones  like  a  sac.  The  inner  surface  of  the  capsule  is  lined  by  a  synovial  membrane,  which 
secretes  the  sticky,  semi-fluid,  synovia,  moistening  the  joint.  The  outer  surface  of  the  caiisule 
is  provided  at  various  parts  with  bands  of  fibrous  tissue,  some  of  which  strengthen  it,  whilst 
others  restrain  or  limit  the  movement  of  the  joint.    Some  osseous  processes  limit  the  movements 

of  particular  joints,  e.g.,  the  coronoid  process  of  the  ulna,  which 
permits  the  fore-arm  to  be  flexed  on  the  upper  arm  only  to  a 
certain  extent  ;  the  olecranon,  which  prevents  over-extension 
at  the  elbow-joint.  The  joint  surfaces  are  kept  in  apposition 
— (1)  by  the  adhesion  of  the  synovia-covered  smooth  articular 
surface  ;  (2)  by  the  capsule  and  its  fibrous  bands  ;  and  (3)  by 
the  elastic  tension  and  contraction  of  the  muscles. 

[Structure  of  Articular  Cartilage. —The  thin  layer  of  hyaline 
encrusting  cartilage  is  fixed  by  an  irregular  surface  upon  the 
corresponding  surface  of  the  head  of  the  bone  (fig.  345).  In  a 
vertical  section  through  the  articular  cartilage  of  a  bone  which 
has  been  softened  in  chromic  or  other  suitable  acid,  we  observe 
that  the  cartilage  cells  are  flattened  near  the  free  surface  of  the 
cartilage,  and  their  long  axes  are  parallel  to  the  surface  of  the 
joint ;  lower  down,  the  cells  are  arranged  in  irregular  groups, 
and  farther  down  still,  nearer  the  bone,  in  columns  or  rows, 
whose  long  axis  is  in  the  long  axis  of  the  bone.  These  rows 
are  produced  by  transverse  cleavage  of  pre-existing  cells.  In 
the  upper  two-thirds  or  thereby  the  matrix  of  the  cartilage  is 
hyaline,  but  in  the  lower  third,  near  the  bone,  the  matrix  is 
granular  and  sometimes  fibrillated.  This  is  the  calcified  zone, 
which  is  impregnated  with  lime  salts,  and  sharply  defined  by 
a  nearly  straight  line  from  the  hyaline  zone  above  it,  and  by  a 
very  bolcl  \vavy  line  from  the  osseous  head  of  the  bone.] 

Synovial  Membrane. — Synovial  membrane  consists  of  bundles 
of  delicate  connective-tissue  mixed  with  elastic  tissue,  while  on 
its  inner  surface  it  is  provided  with  folds,  some  of  which  con- 
tain fat,  and  others  blood-vessels  (synovial  villi).  The  inner 
surface  is  lined  with  endothelium.  The  intra-capsular  liga- 
ments and  cartilages  are  not  covered  by  the  synovial  membrane, 
nor  are  they  covered  by  endothelium.  The  synovia  is  a  colour- 
less, stringy,  alkaline  fluid,  with  a  chemical  composition  closely 
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allied  to  that  of  transudations,  with  this  difference,  that  it  contains  much  mucin  to-ether  with 
albumin  and  traces  of  fat.  Excessive  movement  diminishes  its  amount,  makes  it  more  inspis- 
sated, and  increases  the  mucin,  but  diminishes  the  salts. 

Joints  may  be  divided  into  several  classes,  according  to  the  kind  of  movement 
which  they  permit : — 

1.  Joints  with  movement  around  one  axis:  (a)  The  Ginglymus,  or  Hinge-Joint —The  one 
articular  surface  represents  a  portion  of  a  cylinder  or  sphere,  to  which  the  other  surface  is 
adapted  by  a  correspondnig  depression,  so  that,  when  flexion  or  extension  of  the  ioint  takes 
place,  It  moves  only  on  one  axis  of  the  cylinder  or  sphere.  The  joints  of  the  fingers  and  toes  are 
hinge-joints  of  this  description.  Lateral  ligaments,  which  prevent  a  lateral  displacement  of 
the  articular  surfaces,  are  always  present.  ^ 
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The  Screw-hinge  Joint  is  a  modification  of  the  simple  hinge  form  {Lancfcr,  Ucnkc),  e.g.,  the 
humero-uluar  aiticulatioii.  Strictly  speaking,  simple  flexion  and  extension  do  not  take  place 
at  the  elbow-joint,  but  the  ulna  moves  on  the  capitellum  of  the  humerus  like  a  nut  on  a  bolt; 
m  the  right  humerus,  the  screw  is  a  right  spiral,  in  the  left,  a  left  spiral.  The  ankle-joint  is 
another  example  ;  the  nut  or  female  screw  is  the  tibial  surface,  the  right  joint  is  like  a  left- 
banded  screw,  the  left  the  reverse,  {b)  The  Pivot-Joint  (rotatoria),  with  a  cylindrical  surface, 
c./;.,  the  joint  between  the  atlas  and  the  axis,  the  axis  of  rotation  being  around  the  odontoid 
process  of  the  axis.  In  the  acts  of  pronation  and  supination  of  the  fore-arm  at  the  elbow- 
jomt,  the  a.xis  of  rotation  is  from  the  middle  of  the  cotyloid  cavity  of  the  head  of  the  radius 
to  the  styloid  process  of  the  ulna.  The  other  joints  which  assist  in  these  movements  are  above 
the  joint,  between  the  circumferential  part  of  the  head  of  the  radius  and  the  sigmoid  cavity  of 
the  ulna,  and  below  the  joint,  between  the  sigmoid  cavity  of  the  jadius  which  nioves  over  the 
rounded  lower  end  of  the  ulna. 

2.  Joints  with  movements  around  two  axes.— {a)  Such  joints  have  two  unequally  curved 
surfaces  which  intersect  each  other,  but  which  lie  in  tne  same  direction,  e.g.,  the  atlanto- 
occipital  joint,  or  the  wrist-joint,  at  which  lateral  movements,  as  well  as  flexion  and  extension, 
take  place.  (6)  Joints  with  curved  surfaces,  which  intersect  each  other,  but  which  do  not  lie 
in  the  same  direction.  To  this  group  belong  the  saddle-shaped  articulations,  whose  surface  is 
concave  in  one  direction,  but  convex  in  the  other,  e.g.,  tlie  joint  between  the  metacarpal  bone 
of  the  thumb  and  the  trapezium.  The  chief  movements  are— (1)  flexion  and  extension,  (2) 
abduction  and  adduction.  Further,  to  a  limited  degree,  movement  is  possible  in  all  other 
directions  ;  and,  lastly,  a  pyramidal  movement  can  be  described  by  the  thumb. 

3.  Joints  with  movement  mi  a  spiral  artieular  swrfaee  {spiral  joints),  e.g.,  the  knee-joint 
(Goodsir).  The  condyle  of  the  femur,  curved  from  before  backwards,  in  the  antero-posterior 
section  of  its  articular  surface,  represents  a  sjnral  {Ed.  Weber),  whose  centre  lies  nearer  the 
posterior  part  of  the  condyle,  and  whose  radius  vector  increases  from  behind,  downwards  and 
forwards.  Flexion  and  extension  are  the  chief  movements.  The  strong  lateral  ligaments  arise 
from  the  condyles  of  the  femur  corresponding  to  the  centre  of  the  spiral,  and  are  inserted  into  the 
head  of  the  fibula  and  internal  condyle  of  the  tibia.  When  the  knee-joint  is  strongly  flexed, 
the  lateral  ligaments  are  relaxed— they  become  tense  as  the  extension  increases  ;  and  when  the 
knee-joint  is  fully  extended,  they  act  (juite  like  tense  bands  which  secure  the  lateral  fixation  of 
the  joint.  Corresponding  to  the  spiral  form  of  the  articular  surface,  flexion  and  extension  do  not 
take  place  around  one  axis,  but  the  axis  moves  continually  with  the  point  of  contact ;  the  axis 
moves  also  in  a  spiral  direction.  The  greatest  flexion  and  extension  cover  an  angle  of  about 
145".  The  anterior  crucial  ligament  is  more  tense  during  extension,  and  acts  as  a  check  liga- 
ment for  too  great  extension,  while  the  posterior  is  more  tense  during  flexion,  and  is  a  check 
ligament  for  too  great  flexion.  The  movements  of  extension  and  flexion  at  the  knee  are  further 
complicated  by  the  fact  that  the  joint  has  a  screw-like  movement,  in  that  during  the  greater 
extension  the  leg  moves  outwards.  Hence,  the  thigh,  when  the  leg  is  fixed,  must  be  rotated 
outwards  during  flexion.  Pronation  and  supination  take  place  during  the  greatest  flexion  to 
the  extent  of  41°  {Albert)  at  the  knee-joint,  while  with  tlie  greatest  extension  it  is  nil.  It 
occurs  because  the  external  condyle  of  the  tibia  rotates  on  the  internal.  In  all  positions  during 
flexion,  the  crucial  ligaments  are  fairly  and  uniformly  tense,  whereby  the  articular  surfaces  are 
against  each  other.  Owing  to  their  arrangement,  during  increasing  tension  of  the  anterior 
ligament  (extension),  the  condyles  of  the  femur  must  roll  more  on  to  the  anterior  part  of  the 
articular  surface  of  the  tibia,  while  by  increasing  tension  of  the  posterior  ligament  (flexion),  they 
must  pass  more  backwards. 

4.  Joints  with  the  ax-is  of  rotation  round  one  fixed  point. — These  are  the  freely  movable 
arthrodial  joints.  The  movements  can  take  place  around  innumerable  axes,  which  all  inter- 
sect each  other  in  the  centre  of  rotation.  One  articular  surface  is  nearly  spherical,  the  other  is 
cup-shaped.  The  shoulder-  and  hip-joints  are  typical  "  baU-and-socket-joints."  We  may 
represent  the  movements  as  taking  place  around  three  axes,  intersecting  each  other  at  right 
angles.  The  movements  which  can  be  performed  at  these  joints  may  be  grouped  as  :— (1) 
pendulum-like  movements  in  any  plane,  (2)  rotation  round  the  long  axis  of  the  limb,  and  (-3) 
circumscribin"'  movements  [circumduction],  such  as  are  made  round  the  circumference  of  a 
sphere  ;  the  centre  is  in  the  point  of  rotation  of  the  joint,  while  the  circumference  is  described 
by  the  limb  itself. 

Limited  arthrodial  joints  are  ball  joints  with  limited  movements,  and  where  rotation  on  the 
long  axis  is  wanting,  e.g.,  the  metacarpo-phalangcal  joints. 

5.  Rigid  joints  or  amphiarthroses  are  characterised  by  the  fact  that  movement  may  occur  in 
all  directions,  but  only  to  a  very  limited  extent,  in  conseiiuence  of  the  tough  and  unyielding 
external  ligaments.  Both  articular  surfaces  are  usually  about  the  same  size,  and  are  nearly 
plane  surfaces,  e.g.,  the  articulations  of  the  carpal  and  the  tarsal  bones. 

II.  Symphyses,  synchondroses,  and  syndesmoses  unite  bones  without  the  formation  of  a 
proper  articular  cavity,  are  movable  in  all  directions,  but  only  to  the  slightest  extent.  Physio- 
logically they  are  closely  related  to  amphiarthrodial  joints. 

III.  Sutures  unite  bones  without  permitting  any  movement.    The  physiological  importance 
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of  the  suture  is  that  the  bones  can  still  grow  at  their  edges,  which  thus  renders  possible  the 
distension  of  tlie  eavilv  ciiflosL-d  bv  the  bones  (Ilcrm.  v.  Meyer). 

306.  ARRANGEMENT  AND  USES  OF  MUSCLES.— The  muscles  form  45 
per  cent,  of  the  total  mass  of  the  body,  those  of  the  right  side  being  heavier  than 
those  on  the  left.  Muscles  may  be  arranged  in  the  following  groups,  as  far  as  their 
mechanical  actions  are  concerned  : — 

A.  Muscles  without  a  definite  origin  and  insertion  : — 

1.  The  hollow  muscles  surrounding  globular,  oval,  or  irregular  cavities,  such 
as  tlie  urinary  bladder,  gall-bladder,  uterus,  and  heart ;  or  the  walls  of  more  or  less 
cylindrical  canals  (intestinal  tract,  muscular  gland  ducts,  ureters.  Fallopian  tubes, 
vasa  deferentia,  blood-vessels,  lymphatics).  In  all  these  cases  the  muscular  fibres 
are  arranged  in  several  layers,  e.  g.,  in  a  longitudinal  and  a  circular  layer,  and  some- 
times also  in  an  oblique  layer.  All  these  layers  act  together  and  thus  diminish  the 
cavity.  It  is  inadmissible  to  ascribe  different  mechanical  effects  to  the  different 
layers,  e.g.,  that  the  circular  fibres  of  the  intestine  narrow  it,  while  the  longitudinal 
dilate  it.  Both  sets  of  fibres  rather  seem  to  act  simultaneously,  and  diminish  the 
cavity  by  making  it  narrower  and  shorter  at  the  same  time.  The  only  case  where 
muscular  fibres  may  act  in  partially  dilating  the  cavity  is  when,  owing  to  pressure 
from  Avithout,  or  from  partial  contraction  of  some  fibres,  a  fold,  projecting  into  the 
lumen,  has  been  formed.  When  the  fibres,  necessarily  stretching  across  the  dej^res- 
sion  thereby  produced,  contract,  they  must  tend  to  undo  it,  i.e.,  enlarge  the  cavity. 
The  various  layers  are  all  innervated  from  the  same  motor  source,  which  supports 
the  view  of  their  conjoint  action. 

2.  The  sphincters  surround  an  opening  or  a  short  canal,  and  by  their  action 
they  either  constrict  or  close  it,  e.g.,  sphincter  pupillse,  palpebrarum,  oris,  pylori, 
ani,  cunni,  urethrie. 

B.  Muscles  with  a  definite  origin  and  insertion : — 

1.  The  origin  is  completely  fixed  when  the  muscle  is  in  action.  The  course 
of  the  muscular  fibres,  as  they  pass  to  where  they  are  inserted,  permits  of  the 
insertion  being  approximated  in  a  straight  line  towards  their  origin  during  con- 
traction, e.g.,  the  attolens,  attrahens,  and  retrahentes  of  the  outer  ear,  and  the 
rhomboidei.  Some  of  these  muscles  are  inserted  into  soft  parts  which  necessarily 
must  follow  the  line  of  traction,  e.g.,  the  azygos  uvulae,  levator  palati  mollis,  and 
most  of  the  muscles  which  arise  from  bone  and  are  inserted  into  the  skin,  such  as 
the  muscles  of  the  face,  styloglossus,  stylopharyngeus,  etc. 

2.  Both  Origin  and  Insertion  movahle.— In  this  case  the  movements  of  both 
points  are  inversely  as  the  resistance  to  be  overcome.  The  resistance  is  often 
voluntary,  which  may  be  increased  either  at  the  origin  or  insertion  of  the  muscle. 
Thus,  the  sternocleidomastoid  may  act  either  as  a  depressor  of  the  head  or  as  an 
elevator  of  the  chest ;  the  pectoralis  minor  may  act  as  an  abductor  and  depressor 
of  the  shoulder,  or  as  an  elevator  of  the  3rd  to  5th  ribs  (when  the  shoulder-girdle 
is  fixed). 

3.  Angular  Course.— Many  muscles  having  a  fixed  origin  are  diverted  from 
their  straight  course ;  either  their  fibres  or  their  tendons  rnay  be  herit  out  of  the 
straight  course.  Sometimes  the  curving  is  slight,  as  in  the  occipito-frontalis  and 
levator  palpebra?  superioris,  or  the  tendon  may  form  an  angle  round  some  bony 
process,  whereby  the  muscular  traction  acts  in  quite  a  different  direction,  i.e.,  as  if 
the  muscle  acted  directly  from  this  process  upon  its  point  of  insertion,  e'.g,  the 
obliquus  oculi  superior,  tensor  tympani,  tensor  veli  palatini,  obturator  internus. 

4.  Many  of  the  muscles  of  the  extremities  act  upon  the  long  bones  as  upon 
levers:— (rt)  Some  act  upon  a  lever  with  one  arm,  in  which  case  the  insertion  of 
the  muscle  (power)  and  the  weight  lie  upon  one  side  of  the  f  nlcrum  or  point  of 
support,  e.g.,  biceps,  deltoid.  The  insertion  (or  power)  often  lies  very  close  to 
the  fulcrum.    In  such  a  case,  the  ixvpidity  of  the  movement  at  the  end  of  the  lever 
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is  greatly  increased,  but  force  is  lost  [i.e.,  what  is  gained  in  rapidity  is  lost  in 
power].  This  arrangement  has  this  advantage,  that,  owing  to  the  sliglit'contraction 
of  the  muscle,  little  energy  is  evolved,  which  would  be  the  case  had  the  muscular 
contraction  been  more  considerable  (§  300,  I.,  3).  (h)  The  muscles  act  upon  the 
bones  as  upon  a  lever  with  two  arms,  in  which  case  the  power  (insertion  of  the 
muscle)  lies  on  the  other  side  of  the  fulcrum  opposite  to  the  weight,  e.r/.,  the 
triceps  and  muscles  of  the  calf.  In  both  cases,  the  muscular  force  necessary  to 
overcome  the  resistance  is  estimated  by  the  principles  of  the  lever  :  equilibrium  is 
established  when  the  static  moments  (  =  product  of  the  power  in  its  vertical 
distance  from  the  fulcrum)  are  equal ;  or  when  the  power  and  weight  are  inversely 
proportional,  as  their  vertical  distance  from  the  fulcrum. 

[The  Bony  Lever.— All  the  three  orders  of  levers  are  met  with  in  the  bodv.  Indeed,  in  the 
elbow-joint  all  tlie  three  orders  are  represented.  The  annexed  neheme  show.s  the  relative  posi- 
tions of  P,  W,  and  F  (tig.  346).  The  tirst  order  represented  by  such  a  movement  as  nodding  the 
head,  the  second  by  raising  the  body  on  the  tiptoes  by  the  muscles 
of  the  calf,  and  the  third  by  the  action  of  tlie  biceps  in  raising  the 
fore-arm.  At  the  elbow-joint,  tlie  first  order  is  illustrated  by  ex- 
tending the  flexed  fore-arm  on  the  upjier  arm,  as  in  striking  a  blow 
on  the  table,  where  the  triceps  attached  to  the  olecranon  is  the 
power,  the  trochlea  the  fulcrum,  and  the  hand  the  weight.  If  the 
hand  rest  on  the  table  and  the  body  be  raised  on  it,  then  the  hand 
is  the  fulcrum,  while  the  triceps  is  the  power  raising  the  humerus 
and  the  parts  resting  on  it  (W).  The  third  order  has  already  been 
referred  to,  '•.;/.,  flexing  the  fore-arm.] 

Direction  of  Action. — It  is  most  important  to  observe  the  direc- 
tion in  which  the  muscular  force  and  weight  act  upon  the  lever-arm. 
Thus,  the  direction  may  be  vertical  to  the  lever  in  one  position,  while  after  flexion  it  may  act 
obliipiely  upon  the  lever.  The  static  moment  of  a  power  acting  obliquely  on  the  lever-arm  is 
obtained  by  multiplying  the  power  with  the  power  acting  in  a  direction  vertical  to  the  point 
of  rotation. 

Examples  : — In  fig.  347,  I.,  B  x  represents  the  humerus,  and  x  Z  the  radius;  A  y,  the  direc- 
tion of  the  traction  of  the  biceps.  If  the  biceps  acts  at  a  right  angle  only,  as  by  lifting 
horizontally  a  weight  (P)  lying  on  the  fore-arm  or  in  the  hand,  then  the  power  of  the  biceps 
(=  A)  is  obtaiaed  from  the  formula,  A  y  x  =  P  x  Z,  i.e.,  A  =  (P  x  Z)  :  y  x.    It  is  evident 
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Fig.  346. 
The  three  orders  of  levers. 


II. 


Fig.  347. 

Scheme  of  the  action  of  the  muscles  on  bones. 

that,  when  the  radius  is  depressed  to  the  position  x  C,  the  result  is  different  ;  then  the  force  of 
the  biceps  =  Aj  =  {V■^vx)  :  ox.  In  fig.  347,  II.,  TF  is  the  tibia,  F,  the  ankle-joint,  MC, 
the  foot  in  a  horizontal  position.  The  power  of  the  muscles  of  the  calf  (  =  a)  necessary 
to  equalise  a  force,  p,  directed  from  below  against  the  anterior  part  of  the  foot,  would  be 
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a  =  (p  M  F)  :  F  C.  If  the  foot  be  altered  to  the  position  II  S,  the  force  of  the  muscles  of 
tlie  calf  wouki  then  be  (>i  =  {pi  M  F)  :  F  C. 

In  muscles  also,  which,  like  the  coraco-brachialis,  are  stretched  over  the  angle  of 
a  hinge,  the  same  result  obtains. 

In  fig.  347,  III.,  II  E  is  the  humerus,  E,  the  elbow-joint,  E  R,  the  radius,  B  R,  the  coraco- 
brachialis.  Its  moment  in  this  position  is  -  A,  a  E.  When  the  radius  is  raised  to  E  Rj, 
then  it  is  =  A,  «  E.  We  must  notice,  however,  that  B  Rj  <  BR.  Hence,  the  absolute 
jnuscuhu-  force  must  be  less  in  the  Hexed  jiosition,  because  every  muscle,  as  it  becomes  shorter, 
lifts  less  weight.    What  is  lost  in  power  is  gained  by  the  elongation  of  the  lever-arm. 

5.  Many  muscles  have  a  double  action ;  when  contracted  in  the  ordinary  way 
they  execute  a  combined  movement,  e.g.,  the  biceps  is  a  flexor  and  supinator  of 
the  fore-arm.  If  one  of  these  movements  be  prevented  by  the  action  of  other 
muscles,  the  muscle  takes  no  part  in  the  execution  of  the  other  movement. 

If  the  fore-arm  be  strongly  pronated  and  flexed  in  this  position,  the  bicejis  takes  no  part 
therein  ;  or,  when  the  elbow-joint  is  rigidly  supinated,  onl}'  the  supinator  brevis  acts,  not  the 
biceps.  The  muscles  of  mastication  are  another  example.  The  masseter  elevates  the  lower  jaw, 
and  at  the  same  time  pulls  it  forward.  If  the  depressed  jaw,  however,  be  strongly  pulled  back- 
wards when  the  jaw  is  raised,  the  masseter  is  not  concerned.  The  temporal  muscle  raises  the 
jaw,  and  at  the  same  time  pulls  it  backwards.  If  the  depressed  jaw  be  raised  after  being  pushed 
forward,  then  the  temporal  is  not  concerned  in  its  elevation. 

6.  Muscles  acting  on  two  or  more  joints  are  those  which,  in  their  course  from 
their  origin  to  their  insertion,  pass  over  two  or  more  joints.  Either  the  tendons 
may  deviate  from  a  straight  course,  e.g.,  the  extensors  and  flexors  of  the  fingers 
and  toes,  as  when  the  latter  are  flexed ;  or  the  direction  is  always  straight,  e.g.,  the 
gastrocnemius.  The  muscles  of  this  group  present  the  following  points  of  interest— 
(a)  The  phenomenon  of  so-called  "  active  insufficiency."  If  the  position  of  the 
joints  over  which  the  muscle  passes  be  so  altered  that  its  origin  and  insertion 
come  too  near  each  other,  the  muscle  may  require  to  contract  so  much  before 
it  can  act  on  the  bones  attached  to  it,  that  it  cannot  contract  actively  any 
further  than  to  the  extent  of  the  shortening  from  which  it  begins  to  be  active  ;  e.g., 
when  the  knee-joint  is  bent,  the  gastrocnemius  can  no  longer  produce  plantar  flexion 
of  the  foot,  but  the  traction  on  the  tendo  Achilles  is  produced  by  the  soleus.  (b) 
"Passive  insufficiency "  is  shown  by  many-jointed  muscles  under  the  following 
circumstances  : — In  certain  positions  of  the  joint,  a  muscle  may  be  so  stretched 
that  it  may  act  like  a  rigid  strap,  and  thus  limit  or  prevent  the  action  of  other 
muscles,  e.r/.,  the  gastrocnemius  is  too  short  to  permit  complete  dorsal  flexion  of 
the  foot  when  the  knee  is  extended.  The  long  flexors  of  the  leg,  arising  from  the 
tuber  ischii,  are  too  short  to  permit  complete  extension  of  the  knee-joint  when  the 
hip-joint  is  flexed  at  an  acute  angle.  The  extensor  tendons  of  the  fingers  are  too 
short  to  permit  of  complete  flexion  of  the  joints  of  the  fingers  when  the  hand  is 
comijletely  flexed. 

7.  Synergetic  muscles  are  those  which  together  subserve  a  certain  kind  of 
movement,  e.g.,  the  flexors  of  the  leg,  the  muscles  of  the  calf,  and  others.  The 
abdominal  muscles  act  along  with  the  diaphragm  in  diminishing  the  abdomen 
during  straining,  while  the  muscles  of  inspiration  or  expiration,  even  the  diff'erent 
«rigins  of  one  muscle,  or  the  two  bellies  of  a  biventral  muscle,  may  be  regarded 
from  the  same  point  of  view. 

Antagonistic  muscles  are  those  which,  during  their  action,  have  exactly  the 
opposite  effect  of  other  muscles,  e.g.,  flexors  and  extensors— pronators  and  supina- 
tors—adductors  and  abductors— elevators  and  depressors — sphincters  and  dilators^  

inspiratory  and  expiratory. 

When  it  is  necessary  to  bring  the  full  power  of  our  muscles  into  action  we 
quite  involuntarily  bring  them  beforehand  into  a  condition  of  the  greatest  tension 
as  a  muscle  in  this  condition  is  in  the  most  favourable  position  for  doing 
work  {§  300,  I,  3).    Conversely,  when  we  execute  delicate  movements  requiriu<r 
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little  energy,  we  select  a  position  in  wliich  the  corresponding  muscle  is  already 
shortened. 

All  the  fascire  of  the  body  are  connected  with  muscles,  which,  when  they  contract,  alter  the 
tension  of  the  former,  so  that  they  are  in  a  certain  sense  aponeuroses  or  tendons  of  the  latter 
{K.  Bardelchen).  [For  the  importance  of  muscular  movements  and  those  of  fascire  in  connection 
with  the  movements  of  the  lymph,  see  §  201.] 

307.  GYMNASTICS;  MOTOR  PATHOLOGICAL  VARIATIONS. —Gymnastic  exercise  is 

most  injportant  for  the  proper  development  of  the  muscles  and  motor  power,  and  it  ou.qht  to 
be  commenced  in  both  sexes  at  an  early  age.  Systematic  muscular  activity  increases  the 
volume  of  the  muscles,  and  enables  them  to  do  more  work.  The  amount  of  blood  is  increased 
with  increase  in  the  muscular  development,  while  at  the  same  time  the  bones  and  ligaments 
beconre  more  resistant.  As  the  circulation  is  more  lively  in  an  active  muscle,  gymnastics  favour 
the  circulation,  and  ought  to  be  practised,  especially  by  persons  of  sedentary  habits,  who  are 
apt  to  suffer  from  congestion  of  blood  in  abdominal  organs  {e.g.,  hi^moiThoids),  as  it  favours 
the  movement  of  the  tissue  juices  [§  201].  An  active  muscle  also  uses  more  0  and  produces 
more  COo,  so  that  respiration  is  also  excited.  The  total  increase  of  the  metabolism  gives  rise 
to  the  feeling  of  well-being  and  vigour,  diminishes  abnormal  irritability,  and  dispels  the 
tendency  to  fatigue.    The  whole  body  becomes  firmer,  and  specifically  heavier  (Jdger). 

By  Ling's,  or  the  Swedish  system,  a  systematic  attempt  is  made  to  strengthen  certain  weak 
muscles,  or  groups  of  muscles,  whose  weakness  might  lead  to  the  production  of  deformities. 
These  inuscles  are  exercised  systematically  by  opposing  to  them  resistances,  which  must  either 
be  overcome,  or  against  which  the  patient  must  strive  by  muscular  action. 

Massage,  which  consists  in  kneading,  pressing,  or  rubbing  the  muscles,  favours  the  blood- 
stream ;  hence,  this  system  may  be  advantageously  used  for  such  muscles  as  are  so  weakened  by 
disease  that  an  independent  treatment  by  means  of  gymnastics  cannot  be  adopted.  [The 
importance  of  massage  as  a  restorative  practice  in  getting  rid  of  the  waste  products  of  muscular 
activity  has  been  already  referred  to  (§  304).] 

Disturbances  of  the  normal  movements  may  partly  affect  the  passive  motor  organs  (e.g., 
the  bones,  joints,  ligaments,  and  aponeuroses),  or  the  active  organs  (muscles  with  their 
tendons,  and  motor  nerves). 

Passive  Organs. — Fractures,  caries  and  necrosis,  and  inflammation  of  the  bones,  which  make 
movfments  painful,  influence  or  even  make  movement  impossible.  Similarly,  dislocations, 
relaxation  of  the  ligaments,  arthritis,  or  anchylosis  interfere  with  movement.  Also  curvature  of 
bones,  hyperostosis  or  exostosis;  lateral  curvature  of  the  vertebral  column  (Scoliosis),  back- 
ward angular  curvature  (Kyphosis),  or  forward  curvature  (Lordosis).  The  latter  interfere  with 
respiration.  In  the  lower  extremities,  which  have  to  carry  the  weight  of  the  body,  genu 
valgiun  may  occur  in  flabby,  tall,  rapidly-growing  individuals,  especially  in  some  trades,  e.g., 
in  bakers.  The  opposite  form,  genu  varum,  is  generally  a  result  of  rickets.  Flat  foot  depends 
upon  a  depression  of  the  arch  of  tlie  foot,  whicli  then  no  longer  rests  upon  its  three  points  of 
support.  Its  causes  seem  to  be  siniiliar  to  those  of  genu  valgum.  The  ligaments  of  the  small 
tarsal  joints  are  stretched,  and  the  long  axis  of  the  foot  is  usually  directed  outwards  ;  tbo 
inner  margin  of  the  foot  is  more  turned  to  the  ground,  while  pain  in  the  foot  and  malleoli 
make  walking  and  standing  impossible.  Club-foot  (Talipes  varus),  in  which  the  inner  margin 
of  the  foot  is  raised,  and  the  point  of  the  toes  is  directed  inwards  and  downwards,  depends 
upon  imperfect  development  during  fcetal  life.  All  children  are  born  with  a  certain  very 
.slight  degree  of  bending  of  the  foot  in  this  direction.  Talipes  equinus,  in  which  the  toes, 
and  T.  calcaneus,  in  which  the  heel  touches  the  ground,  usually  de])end  upon  contracture  of 
the  muscles  causing  these  positions  of  the  foot,  or  upon  paralysis  of  the  antagonistic  muscles. 

Rickets  and  Osteomalacia. — If  the  earthy  salts  be  withheld  from  the  food,  the  bones 
gradually  undergo  a  change  ;  they  become  thin,  translucent,  and  may  even  bend  uiuler 
pressure.  In  certain  persistent  defects  of  nutrition,  the  lime  and  other  salts  of  the  food  are  not 
absorbed,  giving  rise  to  rachitis,  or  rickets,  in  children.  If  fully  formed  bones  lose  their  lime- 
salts  to  the  extent  of  ^  to  ^  (halisterisis),  they  become  brittle  and  soft  (osteomalacia).  Tliis 
occurs  to  a  limited  extent  in  old  age. 

Muscles. — The  normal  nutrition  of  muscle  is  intimately  dependent  on  a  proper  supply  of 
sodium  chloride  and  2)otash  sails  in  the  food,  as  these  form  integral  parts  of  the  muscular  tissue 
{Kcmmerich,  Forester).  Besides  the  atrophic  changes  which  occur  in  the  muscles  when  these 
substances  are  withheld,  there  are  disturbances  of  the  central  nervous  system  and  digestive  appa- 
ratus, and  the  animals  ultimately  die.  The  condition  of  the  muscles  during  inanition  is  given 
in  §  237.  If  muscles  and  bones  be  kept  inactive,  they  tend  to  atrophy  (§  244).  In  atrophic 
muscles,  and  in  cases  of  anchylosis,  there  is  an  enormous  increase,  or  "atrophic  proliferation," 
of  the  muscle-corpuscles,  which  takes  place  at  the  expense  of  the  contractile  contents 
{Cohnheim).  A  certain  degree  of  muscular  atrophy  takes  place  in  old  age.  The  uterus,  after 
deliverv,  undergoes  a  great  decrease  in  size  and  weight — from  1000  to  350  grammes— due 
chiefly  "to  the  diminished  blood  supply  to  the  organ.    In  chronic  lead  poisoning,  the  extensors 
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and  iiiterossei  clueflj'  undergo  atl•opll)^  Atrophy  and  degeneration  of  the  muscles  are  followed 
by  shortenincc  ami  thinnin.ii;  of  the  bones  to  which  the  niuscles  are  attached. 

Section  and  paralysis  oi'  the  motor  nerves  cause  palsy  of  the  muscle,  thus  rendering  them 
inactive,  and  they  ultimately  degenerate.  Atrophy  also  occurs  after  inflammation  or  sottening 
of  the  multipolar  nerve-cells  in  the  anterior  horn  of  tlie  grey  matter  of  the  spinal  cord,  or  the 
vioior  nudei  (tacial,  spinal  accessory,  and  hypoglossal  of  Stilling  in  the  medulla  oblongata),  in 
the  muscles  connected  with  these  parts.  Rapid  atrophy  takes  place  in  certain  forms  of  spinal 
paralysis  and  in  acute  bulbar  paralysis  (paralysis  of  the  medulhi  oblongata),  and  in  a  chronic 
form  in  progressive  muscular  atrophy  and  progressive  bulbar  paralysis.  The  muscles  and  their 
nerves  become  small  and  soft.  The  muscles  show  many  nuclei,  the  sarcous  substance  becomes 
fatty,  and  ultimately  disappears.  According  to  Charcot,  these  areas  are  at  the  same  time  the 
trophic  centres  for  the  nerves  proceeding  from  them,  as  well  as  for  the  muscles  belonging  to 
them.  According  to  Friedreicli,  the  primary  lesion  in  progressive  muscular  atrophy  is  in  the 
muscles,  and  is  due  to  a  [)riniary  interstitial  infinmmation  of  the  muscle,  resulting  in  atrophy 
and  degenerative  changes,  while  the  nerve-centres  are  affected  secondarily,  just  as  after  amputa- 
tion of  a  limb,  the  corresponding  part  of  the  spinal  cord  degenerates. 

In  pseudo-hypertrophic  muscular  atrophy  the  muscular  fibres  atrophy  completely,  with 
copious  development  of  fat  and  connective-tissue  between  the  fibres,  without  the  nerves  or  spinal 
cord  undergoing  degeneration.  The  muscular  substance  may  also  undergo  amyJoid  or  vyxx-like 
degeneration',  whereby  the  amyloid  substance  infiltrates  the  tissue  (^  249,  YI. ).  Sometimes 
atrophic  muscles  have  a  dcq}  hroim  colour,  due  to  a  change  of  the  Inemoglobin  of  the  muscle. 
"When  muscles  are  much  used  they  hypertrophy,  as  the  heart  in  certain  cases  of  valvular  lesion 
or  obstruction  (§  40),  the  bladder,  and  intestine.  [In  true  hypertrophy  there  is  an  increased 
number  or  increase  in  the  size  of  its  tissue  elements,  throughout  the  entire  tissue  or  organ, 
without  any  deposit  of  a  foreign  bodj^  Perhaps,  in  hypertrophy  of  the  bladder,  the  thickened 
jnuscular  coat  not  only  serves  to  overcome  resistance,  but  it  oflers  greater  resistance  to  bursting 
under  the  increased  intra-vesical  pressure.  ]\Iere  enlargement  is  not  hypertrophy,  for  this  maj" 
be  brought  about  by  foreign  elements.  In  atrophy  there  is  a  diminution  in  size  or  bulk,  even 
when  the  blood-stream  is  kept  u[),  the  decrease  being  due  to  pressure.  An  atrophied  organ  may 
be  even  enlarged,  as  seen  in  pseudo-hypertrophic  paralj-sis,  where  the  muscles  are  larger,  owing 
to  the  interstitial  growth  of  fatty  and  connective-tissue,  while  the  true  muscular  tissue  is 
diminished  and  truly  atrophied.] 

308.  STANDING. — The  act  of  standing  is  accomplished  by  muscular  action, 
and  is  the  vertical  position  of  equilibrium  of  the  body,  in  which  a  line  drawn  from 
the  centre  of  gravity  of  the  body  falls  within  the  area  of  both  feet  placed  upon  the 
ground.  In  the  military  attitude,  the  muscles  act  in  two  directions — (1)  to  fix  the 
jointed  body,  as  it  were,  into  one  unbending  column  ;  and  (2)  in  case  of  a  variation 
of  the  equilibrium,  to  compensate  by  muscular  action  for  the  disturbance  of  the 
equilibrium. 

The  following  individual  motor  acts  occur  in  standing  : — 

1.  Fixation  of  the  head  upon  the  vertebral  column.  The  occiput  may  be  moved  in  various 
directions  upon  the  atlas,  as  in  the  acts  of  nodding.  As  tlie  long  arm  of  the  lever  lies  in  front 
of  the  atlas,  necessarily  when  the  muscles  of  the  back  of  the  neck  relax,  as  in  sleep  or  death, 
the  chin  falls  u[ion  the  breast.  _  The  strong  neck  muscles,  Avhich  jiull  from  the  vertebral  column 
upon  the  occiput,  fi.x  the  head  in  a  firm  position  on  the  vertebral  column.  The  chief  rotatory 
movement  of  the  head  on  a  vertical  axis  occurs  round  the  odontoid  process  of  the  axis.  The 
articular  surfaces  on  the  pedicles,  and  ])art  of  the  bodies  of  the  1st  and  2nd  vertebnij,  are  con- 
vex towards  each  other  in  the  middle,  becoming  somewhat  lower  in  front  and  behind,  so  that 
the  head  is  highest  in  the  erect  posture.  Hence,  when  the  head  is  greatly  rotated,  compression 
of  the  medulla  oblongata  is  prevented  {Henkc).  In  standing,  these  muscles  do  not  require  to 
be  fixed  by  nuiscular  action,  as  no  rotation  can  take  place  when  the  neck  muscles  are  at  rest. 

2.  Fixed  Vertebral  Column.— The  vertebral  column  itself  must  be  fixed,  especially  where  it 
is  most  mobile,  i.e.,  in  the  cervical  and  lumbar  regions.  This  is  brought  about  by  the  strong 
muscles  situate  in  these  regions,  e.g.,  the  cervical  spinal  muscles,  Extensor  dorsi  communis  and 
QjcadrafKS  lumhorv/m. 

Mobility  of  the  Vertebrae. —The  least  movable  vertebra?,  are  the  3rd  to  the  6th  dorsal; 
the  sacrum  is  quite  immovable.  For  a  certain  length  of  the  column,  the  mobility  depends 
on  {a)  the  number  and  height  of  the  interarticular  fibro-cartilages.  They  are  most 
numerous  in  the  neck,  thickest  in  the  lumbar  region,  and  relatively  also  in  the  lower 
cervical  region.  They  permit  movement  to  take  place  in  every  direction.  Collectively  the 
interarticular  discs  form  one-fourth  of  the  height  of  the  whole  vertebral  column.  They  are 
compressed  somewhat  by  the  pressure  of  the  body  ;  hence,  the  body  is  longest  in  the  mornin-^ 
and  after  lying  in  the  horizontal  position.  The  smaller  periphery  of  the  bodies  of  the  cervical 
vertebroe  favours  the  mobility  of  these  vertebra^  compared  with  the  larger  lower  ones,    {b)  The 
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position  of  the  processes  also  influences  greatly  the  mobility.  The  strongly  depressed  spines  of 
the  dorsal  region  hinder  hyperextension.  The  articular  processes  on  the  cervical  vertebra3  are 
so  p  aced  that  their  surfaces  look  obliquely  from  before  and  upwards,  backwards,  and  down- 
wards ;  this  permits  relatively  free  movement,  rotation,  lateral  and  nodding  movements.  In 
the  dorsal  region,  the  articular  surfaces  are  directed  vertically  and  directly  to  the  front,  the 
lower  directly  backwards  ;  in  the  lumbar  region,  the  position  of  the  articular  processes  is  almost 
completely  vertical  and  antero-posterior.  In  bending  backwards  as  far  as  possible,  the  most 
mobile  parts  of  the  column  are  the  lower  cervical  vertebne,  the  11th  dorsal  to  the  2nd  lumbar 
and  the  lower  two  lumbar  vertebrje  {E.  H.  Weber). 

3.  The  centre  of  gravity  of  the  head,  trunk,  and  arms  when  fixed  as  above,  lies  in  front  of 
the  10th  dorsal  vertebra.  It  lies  further  forward,  in  a  horizontal  plane,  passing  thi'ough  the 
xiphoid  process,  the  greater  the  distension  of  the  abdomen  by  food,  fat,  or  j)regiiancy.  A  line 
drawn  vertically  downwards  from  the  centre  of  gravity  passes  hcliiad  the  line  uniting  both  hip- 
joints.  Hence,  the  trunk  Avould  fall  backwards  on  the  hip-joint,  were  it  not  prevented  partly 
by  ligaments  and  partly  by  muscles.  The  former  are  represented  by  the  ileo-femoral  band  and 
the  anterior  tense  layer  of  the  fascia  lata.  As  ligaments  alone,  however,  never  resist  permanent 
traction,  they  are  aided,  especially  by  the  ileo-psoas  muscle  inserted  into  tlie  small  trochanter, 
and  in  part,  also,  by  the  rectus  femoris.  Lateral  movement  at  tlie  hip-joint,  whereby  the  one 
limb  must  be  abducted  and  the  other  adducted,  is  prevented  especially  by  the  large  mass  of  the 
glutei.  When  the  leg  is  extended,  the  ileo-femoral  ligament,  aided  by  the  fascia  lata,  prevents 
adtluction. 

4.  The  rigid  part  of  the  body,  head,  and  trunk,  with  the  arms  and  legs,  whose  centre  of 
gravity  lies  lower  and  only  a  little  in  front,  so  that  the  vertical  lino  drawn  downwards  inter- 
sects a  line  connecting  the  posterior  surfaces  of  the  knee-joints,  must  now  be  fixed  at  the  knee- 
joint.  Falling  backwards  is  prevented  by  a  slight  action  of  the  quadriceps  femoris,  aided  by 
the  tension  of  the  fascia  lata.  Indirectly  it  is  aided  also  by  the  ileo-femoral  ligament.  Lateral 
movement  of  the  knee  is  prevented  by  the  disposition  of  the  strong  lateral  ligaments.  Rotation 
cannot  take  place  at  the  knee-joint  in  the  extended  position     305,  I.,  3). 

5.  A  line  drawn  downwards  from  the  centre  of  gravity  of  the  whole  body,  which  lies  in  the 
promontory,  falls  slightly  in  front  of  a  line  between  the  two  ankle-joints\  Hence,  the  body 
would  idX\  forward  on  the  latter  joint.  This  is  prevented  especially  by  the  muscles  of  the  calf, 
aided  by  the  mu.scles  of  the  deep  layer  of  the  leg  (tibialis  posticus,  flexors  of  the  toes,  peroneus 
longus  et  brevis). 

Other  Factors  : — {a)  As  the  long  axis  of  the  foot  forms  with  the  leg  an  angle  of  50°,  falling 
forward  can  only  occur  after  the  feet  are  in  a  position  more  nearly  parallel  with  their  long  axis. 
{h)  The  form  of  the  articular  surfaces  helps,  as  the  anterior  broad  part  of  the  astragalus  must  be 
pressed  between  the  two  malleoli.    The  latter  mechanism  cannot  be  of  much  importance. 

6.  The  metatarsus  and  phalanges  are  united  by  tense  ligaments  to  form  the  arch  of  the  foot, 
which  touches  the  ground  at  three  points — tuber  calcanei  (heel),  the  head  of  the  first  metatarsal 
bone  (ball  of  the  great  toe),  and  of  the  fifth  toe.  Between  the  latter  two  points,  the  heads  of 
the  metatarsal  bones  also  form  points  of  supjiorts.  Tlie  weight  of  the  body  is  transmitted  to 
the  highest  jiart  of  the  arch  of  the  foot,  the  caput  tali.  The  arching  of  the  foot  is  fixed  only  by 
ligaments.  The  toes  play  no  part  in  standing,  although,  when  moved  by  their  muscles,  they 
greatly  aid  the  balancing  of  the  body.  The  maintenance  of  the  erect  attitude  fatigues  one 
more  rapidly  than  walking. 

309.  SITTING. — Sitting  is  that  position  of  equilibrium  whereby  the  body  is  supported 
on  the  tubera  iscliii,  on  which  a  to  and  fro  movement  may  take  place  {H.  v.  Meyer).  The 
head  and  trunk  togetiier  are  made  rigid  to  form  an  immovalile  column,  as  in  standing.  We 
may  distinguish — (1)  the  forward  posture,  in  which  the  line  of  gravity  passes  in  front  of  the 
tubera  Lschii ;  the  body  being  supported  either  against  a  fixed  object,  e.g.,  by  means  of  the  arm 
on  a  table,  or  against  the  upper  surface  of  the  thigh.  (2)  The  backward  posture,  in  which  the 
line  of  gravity  falls  behind  the  tubera.  A  person  is  prevented  from  falling  backward  either  by 
leaning  on  a  support,  or  by  the  counter- weight  of  the  legs  kept  extended  by  muscular  action, 
whereby  the  sacrum  forms  an  additional  point  of  support,  while  the  trunk  is  fixed  on  the  thigh 
by  the  ileo-psoas  and  rectus  femoris,  the  leg  being  kept  extended  by  the  extensor  quadriceps. 
Usually  the  centre  of  gravity  is  so  placed  that  the  heel  also  acts  as  a  point  of  support.  The 
latter  sitting  posture  is  of  course  not  suited  for  resting  the  muscles  of  the  lower  limbs.  (3) 
When  "  sitting  erect"  the  line  of  gravity  falls  between  the  tubera  themselves.  The  muscles  of 
the  legs  are  relaxed,  the  rigid  trunk  only  requires  to  be  balanced  by  slight  muscular  action. 
Usually  the  balancing  of  the  head  is  sufficient  to  maintain  the  equilibrium. 

310.  WALKING,  RUNNING,  AND  SPRINGING.— By  the  term  walking 
is  understood  progression  in  a  forward  horizontal  direction  with  the  least  possible 
muscular  exertion,  due  to  the  alternate  activity  of  the  two  legs. 

Methods. — The  Brothers  Weber  were  the  first  to  analyse  the  various  positions  of  the  body  in 
walking,  running,  and  springing,  and  they  represented  them  in  a  continuous  series,  which 
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represents  the  successive  phases  of  locomotion.    These  phases  may  be  ^^jjjM^^^ 
zoetrone  (§  398,  3).    Marev  estimated  the  t imc-rclations  of  the  mdivuliTal  acts,  bj  tiaiistemn 
^Se  mm  ements  by  means  6f  his  air-tambours  to  a  recording  surface.    Recently,  by  means  of  a 
revolving  camera,  he  has  succeeded  in  photographing,  in  ^"■''^^"^^"^'^'jy'^^^l'j^ole  ^g^?^  of  acts! 

Of  course  this  series.when 
placed  in  the  zoetrope, 
represents  the  natural 
movements.  Figs.  349, 
350,  351  represent  these 
acts. 

In  walking,  the  legs 
are  active  alternately; 
while  one — the  "sup- 
porting "  or  "active  " 
leg — carries  the  trunk, 


IS 


•  inac- 


the  other 

tive "    or    "  passive. 
Each  leg  is  alternately 
in   an  active  and  a 
Fig.  348.  passive  phase.  Walk- 

The  thick  lines  represent  the  active,  the  thin  the  ing  may  be  divided 
passive  leg  ;  h,  the  hip-joint  ;  k,  a,  knee  ;  /,  b,  ankle  ;  c,  cl,  heel ;  into     the  following 

movements : — 


Phases  of  walking 

passive  leg  ;  h,  uie  iiip-jumi  ;  k,  a,  Kiiee  ',  J,  u,  iiuii.it;  ;  c,  u,  xict 
m,  c,  ball  of  the  tarso-metatarsal  joint ;  z,  g,  point  of  great  toe. 


I.  Act  (fig.  348,  2). — The  active  leg  is  vertical,  slightly  flexed  at  the  knee,  and  it  alone 
supports  the  centre  of  gravity  of  the  body.  The  passive  leg  is  completely  extended,  and 
touches  the  ground  only  with  ithe  tip  of  the  great  toe  {z).  This  position  of  the  leg  corresponds 
to  a  right-angled  triangle,  in  which  the  active  leg  and  the  ground  form  two  sides,  while  the 
passive  leg  is  the  liypothenuse. 

II.  Act. — For  the  forward  movement  of  the  trunk,  the  active  leg  is  inclined  slightly  from  its 
vertical  position  (cathetns)  to  an  oblique  and  more  forward  (hypotlienuse)  position  (3).  In 
order  that  the  trunk  may  remain  at  the  same  height,  it  is  necessary  that  the  active  leg  be 
lengthened.  This  is  accomplished  by  completely  extending  the  knee  (3,  4,  5),  as  well  as  by 
lifting  the  heel  from  the  ground  (4,  5),  so  that  the  foot  rests  on  the  balls  or  the  heads  of  the 
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Fig.  349. 


Phases  of  slow  walking. 


Instantaneous  photograph  [Marcy),  only  the  side  directed  to  the  ob- 
server is  shown.  From  the  vertical  position  of  the  right,  active  leg;  (I.),  all  the  phases  of 
this  leg  are  represented  in  six  pictures  (I.  to  VI.),  while  after  VI.  the  vertical  position  is 
regained.  The  Arabic  numerals  indicate  the  simultaneous  position  of  the  corresponding 
left  leg;  thus  1  =  1.,  2  =  11.,  &c.,  so  that  during  the  position  IV.  of  the  right  leg,  at  the 
same  time  the  left  leg  has  the  position  as  1.  ° 


metatarsal  bones,  and,  lastly,  by  elevating  it  on  the  point  of  the 


great 


toe  (2,  thin  line). 


DiM-Mij/the  extension  and  forward  movement  of  the  active  leg,  the  tips  of  the  toes  of  the  passive 
leg  have  left  the  ground  (3).    It  is  slightly  Hexed  at  the  knee-joint  (owing  to  the  shortenino-) 
it  performs  a  "  pendulum-like  movement"  (4,  5),  whereby  its  foot  is  moved  as  far  in  front'^of 
the  active  leg  as  it  was  formerly  behind  it.    The  foot  is  then  placed  flat  upon  the  ground  (1,  2 
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thick  lines)  ;  tlie  centre  of  gravity  is  now  transferred  to  this  active  leg,  which,  at  the  same  time, 
IS  slightly  tk>xea  at  the  knee,  and  placed  vertically.    The  first  act  is  then  repeated. 

Simiiltaneons  Movements  of  the  Tnink.— During  walking,  the  trunk  performs  certain 
characteristic  movements.  (1)  It  leans  every  time  towards  the  active  leg,  owing  to  the  traction 
of  the  glutei  and  the  tensor  fascial  latiie,  so  that  the  centre  of  gravity  is  moved,  which  in  short 
heavy  persons  with  a  broad  pelvis  leads  to  their  "waddling"  gait.  (2)  The  trunk,  especially 
during  rapid  walking,  is  inclined  slightly  forward  to  overcome  the  resistance  of  the  air.  (3) 
During  the  "  i)endulum-like  action,"  the  trunk  rotates  slightlv  on  the  head  of  the  active  femur. 
This  rotation  is  compensated,  especially  in  rapid  walking,  by  the  arm  of  the  same  side  as  the 
oscillating  leg  swinging  in  the  opjiosite  direction,  while  that  on  the  other  side  at  the  same  time 
swings  ill  the  same  direction  as  the  oscillating  limb. 

Modifying  Conditions  :  1.  The  Duration  of  the  Step.— As  tlie  rapidity  of  the  vibration  of  a 
penduhim  (leg)  depenils  upon  its  length,  it  "is  evident  that  each  individual,  according  to  the 
length  of  his  legs,  must  have  a  certain  natural  rate  of  walking.  The  ''duration  of  a  step" 
depends  also  upon  the  time  during  which  both  feet  touch  the  ground  simultaneously,  which,  of 
course,  can  be  altered  voluntarily.  "When  "walking  i-apidly"  the  time  =  0,  i.e.,  at  the  same 
moment  in  which  the  active  leg  reaches  the  ground,  the  passive  leg  is  raised.  2.  The  lentjth 
of  the  step  is  usually  about  6  to  7  decimetres  [23  to  27  inclies],  and  it  must  be  greater,  the 
more  the  length  of  the  hypothenuse  of  the  passive  leg  exceeds  the  cathetus  of  the  active  one. 
Hence,  during  a  long  step,  the  active  leg  is  greatly  shortened  (by  flexion  of  the  knee),  so  that 
the  trunk  is  pulled  downwards.    Similarly,  fong  legs  can  make  longer  steps. 

According  to  Marey  and  others,  the  pendulum  movement  of  the  })assive  leg  is  not  a  true 
pendulum  movement,  because  its  movement,  owing  to  muscular  action,  is  of  more  uniform 
rapidity.  During  the  pendulum  movement  of  the  whole  limb,  the  leg  vibrates  by  itself  at  the 
knee-joint  {Lucn,  H.  Vicrordt). 

Fixation  of  the  Femur.— According  to  Ed.  and  AV.  Weber,  the  head  of  the  femur  of  the 
passive  leg  is  fixed  in  its  socket  chiefiy  by  the  atmospheric  pressure,  so  that  no  muscular  action 
is  necessarj'  for  carrying  the  whole  limb.  If  all  the  muscles  and  the  capsule  be  divided,  the 
head  of  the  femur  still  remains  in  the  cotyloid  cavity.  Rose  refers  this  condition  not  to  the 
action  of  the  atmospheric  pressure,  but  to  two  adhesion  surfaces  united  by  means  of  synovia. 


Instantaneous  photograph  of  a  runner  {Marcy).    Ten  pictures  per  second.    The  abscissa 

indicates  the  length  of  the  step  in  metres. 

The  experiments  of  Aeby  show  that  not  only  the  weight  of  the  limb  is  supported  by  the 
atmospheric  pressure,  but  that  the  latter  can  support  several  times  this  weight.  When  traction 
is  exerted  on  the  limb,  the  margins  of  the  cotyloid  ligament  of  the  cotyloid  cavity  are  ajjplied 
like  a  valve  tightly  to  the  margin  of  the  cartilage  of  the  head  of  the  femur.  According  to  the 
Brothers  Weber,  the  leg  falls  from  its  socket  as  soon  as  air  is  admitted  by  making  a  perforation 
into  the  articular  cavity. 

Work  done  during '  Walking. — Marey  and  Demery  estimate  the  amount  done  by  a  man 
weighing  64  kilos.  [10  stones],  when  walking  slowly,  as  =  6  kilogranimetres  per  second;  rapid 
running  =  56  kilogranimetres.  The  work  done  is  due  to  the  raising  of  the  entire  body  and 
extremities,  to  the  velocity  communicated  to  the  body,  as  well  as  to  the  maintenance  of  the 
centre  of  gravity. 

In  springing  or  leaping,  the  body  is  rapidly  projected  upwards  by  the  greatest  possible  and 
most  rapid  contraction  of  the  muscles,  while  at  the  same  time  the  centre  of  gravity  is  maintained 
by  other  muscular  acts  (fig.  351). 

The  pressure  upon  the  sole  of  the  foot  in  walking  is  distributed  in  the  following  manner  :— 
The  supporting  leg  always  presses  more  strongly  on  the  ground  than  the  other  ;  the  longer  the 
step  the  greater  the  pressure.  The  heel  receives  the  maximum  amount  of  pressure  sooner  than 
the  point  of  the  foot  {Carlet). 


5o8  WALKING,  RUNNING,  AND  SPRINGING. 

Running  is  distinguished  from  rapid  walking  by  the  fact  that,  at  a  particular 
moment,  both  legs  do  not  touch  the  ground,  so  that  the  body  is  raised  in  the  air. 
The  active  leg,  as  it  is  forcibly  extended  from  a  flexed  position,  gives  the  body  the 
necessary  impetus  (fig.  350). 

Pathological.— Variations  of  the  walking  movements  depend  primarily  upon  diseases  of 
bones,  ligaments,  muscles,  and  tendons,  and  also  upon  affections  of  the  motor  nerves.  The 


Fig.  351. 

High  leap.  Instantaneous  photograph  {Marcy).  The  pictures  partly  overlap  each  other,  as 
soon  as  the  velocity  of  the  forward  movement  on  the  descent  diminishes  after  springing. 
In  the  left-hand  corner  is  the  dial  plate,  the  radius  of  which  moved  one  division  in  ^  second. 
The  abscissa  indicates  the  distance  in  metres. 

effect  of  sensory  nerves  and  the  reflex  mechanism  of  the  spinal  cord,  and  also  of  the  muscular 
sense  on  walking,  are  stated  in  §§  3.55,  360,  430. 

311.  COMPARATIVE. — The  absolute  miiscular  force  in  animals  is  not,  as  a  rule,  much 
diti'erent  from  that  in  man.  The  great  motor  power  exerted  by  animals  results  from  the  thickness 
and  number  of  the  muscles,  as  well  as  from  the  different  arrangement  of  the  levers  and  the  action 
of  muscles  on  them.  Insects  particularly  exert  a  large  amount  of  force  ;  some  insects  can  drag 
a  body  sixty-seven  times  their  own  weight ;  a  horse  scarcelj-  its  own  weight.  A  man  pressing 
upon  a  dynamometer  with  one  hand  exerts  pressure  =  0'70  times  his  own  weight,  while  a  dog 
lifting  its  lower  jaw  exerts  8"3  times.  A  crab  by  closing  its  pincers  28 '5  times.  A  mussel  on 
closing  its  shell  382  times  its  body-weight  {Plateau). 

In  mammals  standing  is  much  more  easy,  as  they  have  four  supporting  surfaces.  The 
springing  animals  have  a  sitting  attitude,  while  the  tail  is  often  used  as  a  support  (kangaroo, 
squirrel).  In  birds,  there  is  a  mechanical  arrangement  by  which,  while  perching,  the  tendons 
are  flexed  ;  hence,  a  bird  while  sleeping  can  still  retain  its  hold  {Giivicr).  In  the  stork  and 
crane,  which  stand  for  a  long  time  on  one  leg,  this  act  is  unaccompanied  by  muscular  action, 
as  the  tibia  is  fixed  by  means  of  a  process  which  fits  into  a  depression  of  the  articular  surface  of 
the  femur. 

In  walking,  we  distinguish  in  mammals  the  step  (le  pas) — the  four  feet  are  generally  moved 
in  four  tempo,  and  usually  diagonally,  e.g.,  in  the  horse  right  fore,  left  hind;  left  fore,  right 
hind.  [The  camel  is  an  exception — it  moves  the  fore  and  hind  limbs  simultaneously  on  each 
side.]  In  trotting  this  movement  is  accelerated  ;  the  two  limbs  in  a  diagonal  direction  lift  to- 
gether, so  that  only  two  hoof-sounds  are  heard,  while  at  the  same  time,  the  body  is  raised  more 
in  the  air.  During  the  interval  between  two  hoof-beats  the  body  is  free  in  "the  air,  all  the 
limbs  having  left  the  ground.  Strictly  speaking,  the  fore  limb  leaves  the  ground  slightly 
sooner  than  the  hind  one.  Tlie  gallop.  —  When  a  (right)  galloping  horse  moves  in  the  air,  the 
upper  part  of  its  body  is  fairly  horizontal  ;  when  it  touches  the  ground,  the  left  hind  foot  is  the 
first  to  touch  the  ground.  Shortly  thereafter,  the  left  fore  and  right  hind  foot  touch  the 
ground,  while  the  right  fore  leg  has  not  yet  reached  the  ground  and  is  directed  forward.  The 
upper  part  of  the  body  still  retains  its  horizontal  direction.  When,  however,  a  few  moments 
thereafter,  the  left  hind  leg  again  leaves  the  ground,  it  is  higher  than  the  fore  leg— simultane- 
ously the  right  fore  leg  is  thrown  forward  and  lower,  while  the  right  hind  and  left  fore  leg  are 
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stretched  to  the  extreme.  Immediately  thereafter  these  limbs  leave  the  ground,  while  the  hind 
limb  so  far  overtakes  the  fore  limb  that  it  comes  to  lie  hit^her  than  the  latter.  The  body, 
therefore,  is  projected  forwards  and  downwards  until  the  right  fore  limb,  which  alone  touches 
the  ground,  acti\'ely  contracts  and  again  raises  the  body  from  the  ground.'  "When  this  liaiipens, 
the  horse  again  floats  in  the  air,  its  body  being  directed  horizontally.  The  long  axis  of  the 
horse's  body  in  galloping  is  placed  oblit^aely  to  the  direction  of  movement,  and  forming  a  right 
angle.  In  forced  galloping  (la  carriere),  which  is  really  a  si>ringing  movement,  the  right  hind 
leg  and  left  fore  leg  do  not  touch  the  ground  at  the  saine  time,  but  the  former  does  so  sooner. 
The  amble  is  a  modification  of  the  step,  which  consists  in  this,  that  both  feet  on  the  same  side 
move  at  the  same  time  or  shortly  after  each  other  (camel,  giraffe,  elephant).  Marey  attached 
compressible  ampulliB  under  the  hoof  of  a  horse,  connecting  them  with  registering  apparatus, 
and  thus  accurately  registered  the  time-relation  of  each  act.  Muybridge  photographed  the 
actions  of  a  horse  and  the  ditferent  phases  of  the  movement. 

In  snakes  the  rudder-like  elevation  and  depression  of  the  ribs  cause  the  progression  of  the 
body. 

Swimming  is  an  acquired  art  in  man.  The  specific  gravitv  of  the  body  is  slightly  greater 
than  that  of  ordinary  water,  but  slightly  lighter  than  that  of  sea  water.  When  lying  quietly 
on  the  back,  so  that  only  the  mouth  and  nose  are  at  last  above  the  water,  very  slight  move- 
ments of  the  hands  are  necessary  to  keep  a  person  from  sinking.  In  this  position,  progression 
can  be  accomplished  by  extending  and  adducting  the  legs,  while  the  movement  is  accelerated 
by  rudder-like  movements  of  the  arms.  Swimming  belly  downwards  is  more  dilticult,  because 
the  head,  being  held  above  the  water,  makes  the  body  specifically  heavier.  The  forward  move- 
ment and  the  act  of  supporting  the  body  in  the  water  consist  of  three  acts  : — First,  horizontal, 
rudder-like  movements  of  the  extended  arms  from  before  backwards,  until  they  reach  the  hori- 
zontal position  (forward  movement)  ;  second,  pressure  of  the  arms  downward,  with  subsequent 
adduction  of  the  elbow-joint  to  the  body  (elevation  of  the  body),  together  with  retraction  of  the 
extended  legs  ;  third,  projection  of  the  arms,  now  brought  together,  and  at  the  same  time  ex- 
tension and  adduction  of  the  legs  obliquely  backwards  and  downwards,  thus  causing  eleva- 
tion of  the  body  as  well  as  a  forward  movement.  Too  rapid  movements  cause  fatigue,  while 
the  respirations  must  be  carefully  regulated.  ]\Iany  land  mammals,  whose  body  is  specifically 
lighter  than  water,  can  swim,  especially  with  the  aid  of  their  hind  limbs,  while  at  the  same  time, 
all  the  legs  being  directed  downwards,  and  being  specifically  the  heaviest  ])art  of  the  body,  keep 
the  trunk  in  the  normal  position.  Fishes  chiefly  use  their  tail  iin  as  a  motor  organ,  which  is 
moved  by  powerful  lateral  muscles.  When  the  tail  is  suddenly  extended,  it  presses  upon  the 
water  and  displaces  it.  Some  fish,  as  the  salmon,  can  lift  their  body  out  of  the  water  by  a  blow 
of  their  tail  fin.  The  dorsal  and  anal  fins  enable  the  animal  to  preserve  the  erect  position. 
The  pectoral  and  abdominal  fins  corresponding  to  the  extremities  execute  slight  movements, 
especially  upwards  and  downwards,  which  are  greater  during  sleep.  The  swimming  bladder 
is  the  homologue  of  the  lung,  and  is  used  for  hydrostatic  purposes  in  some  fishes,  and  as  an 
auxiliary  respiratory  organ  in  others,  aj.,  the  dipnoi  (§  140).  It  is  absent  or  rudimentary  in 
the  cyclostomata.  In  swimming  birds,  the  body  is  specifically  very  much  lighter  than  the 
water,  while  their  feathers  are  lubricated  by  the  oily  secretion  of  the  coccygeal  glands  (§  291). 
Their  feet  are  usually  webbed. 

Flight. — Bats  and  their  allies  are  the  only  flying  mammals.  The  bones  of  the  upper  limb 
and  phalanges  are  greatly  elongated,  and  between  these  and  the  elongated  hind  limb  (excej)t 
the  foot)  there  is  stretched  a  thin  membrane.  The  membrane  is  moved  by  the  powerful  i)ectoral 
muscles.  The  flying  s(iuirrel  has  only  a  duplicature  of  the  skin  stretchetl  between  tin;  large 
bones  of  the  extremities,  which  serves  as  a  parachute  when  the  animals  spring.  In  birds  the 
body  is  specificall}'  light ;  numerous  air-sacs  in  the  chest  and  belly  communicate  with  the  lungs, 
and  with  the  cavities  of  most  of  the  bones  (§  140).  The  modified  up[»er  extrennties  are 
supported  by  the  coracoid  bone  and  the  united  clavicles  or  furcuhun,  and  are  moved  by  the 
powerful  pectoral  muscles  attached  to  the  keeled  sternum.  Marey,  by  means  of  his  revolving 
photographic  camera,  has  analysed  all  the  jihases  of  flight  in  a  bird. 

[Warner  has  studied  the  movements  of  the  fingers  and  correlated  these  movements  with 
changes  in  the  nerve  centres  in  certain  diseasetl  conditions,  e.g.,  chorea.  An  india-rubber  tube 
is  attached  to  each  finger,  and  this  "  uiotor  "  part  of  the  apparatus  is  connected  with  a  Marey 's 
tambour.  The  several  finger-tubes  are  fixed  to  an  arrangement  not  unlike  a  cricketer's  glove, 
so  that  voluntary  or  involuntary  movements  of  the  fingers  can  be  registered  and  studied,] 

312.  VOICE  AND  SPEECH,  PHYSICAL  CONSIDERATIONS.— The  blast 
of  expired  air — and  under  certain  circumstances,  the  inspiratory  blast  also — is 
employed  to  throw  the  tense  vocal  cords  into  a  state  of  regular  vibration,  whereby 
a  sound  is  produced.    The  sound  so  produced  is  the  human  voice. 

The  true  vocal  cords  are  really  elastic  membranous  reeds.  If  a  blast  of  air  be  forcibly  driven 
upwards  through  tlie  partially  closed  glottis,  the  vocal  cords  are  pushed  asunder,  as  the  elastic 
tension  of  the  air  overcomes  the  resistance  of  the  cords.    After  the  escape  of  air  from  below, 
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the  cords  rapidly  return  to  their  former  position,  and  are  again  pushed  asunder,  and  caused  to 

^^L^Thus,  when  a  membrane  vibrates,  the  air  must  be  alternately  condensed  and  rarefied. 
The  condensation  and  rarefaction  are  the  chief  cause  of  the  tone  or  note  (as  in  the  siren),  not  so 
much  the  membranes  themselves  {v.  HelmhoUz).  •    i  i 

2  The  air-tube  or  "porta  vente,"  conducting  the  air  to  the  membranes  in  man  is  the  lower 
portion  of  the  larynx,  the  trachea,  and  the  whole  bronchial  system ;  the  bellows  are  represented 
bv  the  chest  and  lungs,  which  are  forcibly  diminished  in  size  by  the  expiratory  muscles. 

"3.  The  cavities  which  lie  above  the  membranes  constitute  " resonators,"  and  consist  of  the 
upper  part  of  the  larynx,  pharynx,  and  also  of  the  cavities  of  the  nose  and  mouth,  arranged, 
as  it  were,  in  two  stories,  the  one  over  the  other,  which  can  be  closed  alternately. 

The  pitch  of  the  tone  produced  by  a  membranous  apparatus  depends  upon  the  following 
factors : — 

(rt)  On  the  length  of  the  elastic  membranes  or  plates.  The  pitch  is  inversely  proportional  to 
the  length  of  the  elastic  membrane,  i.e.,  the  shorter  the  membrane  the  higher  the  pitch,  or  the 
greater  the  number  of  vibrations  per  second.  Hence,  the  pitch  of  a  child's  vocal  cords  (shorter) 
is  higher  than  that  of  an  adult. 

{b)  The  pitch  of  the  tone  is  directly  proportional  to  the  square  root  of  the  amount  of  the 
elasticity  of  the  elastic  membrane.  In  membranous  reeds,  and  also  with  silk,  it  is  directly  pro- 
portional to  the  square  root  of  the  extending  weight,  which  in  the  case  of  the  larynx  is  the 
force  of  the  muscles  rendering  the  cords  tense. 

(f)  The  tone  of  membranous  reeds  is  not  only  strengtliened  by  a  more  powerful  blast,  as  the 
amplitude  of  the  vibrations  is  increased,  but  the  jritch  of  the  tone  may  also  be  raised  at  the  same 
time,  because,  owing  to  the  great  amplitude  of  the  vibration,  the  mean  tension  of  the  elastic 
membrane  is  increased. 

{d)  The  supra-laryngeal  cavities,  which  act  as  resonators,  are  also  inflated  when  the  larynx 
is  in  action,  so  that  the  tone  produced  by  these  cavities  is  added  to  and  blended  with  the  sound 
of  the  elastic  membranes,  whereby  certain  partial  tones  of  the  latter  are  strengthened  (§  415). 
The  characteristic  timbre  of  the  voice  largely  depends  upon  the  form  of  the  resonators. 

(c)  When  vocalising,  the  strongest  resonance  takes  place  in  the  air-tubes,  as  they  contain 
compressed  air.  It  causes  the  vocal  fremitus  which  is  audible  on  placing  the  ear  over  the  chest 
(§117,6). 

(/)  Narroiving  or  dilating  the  glottis  has  no  effect  on  the  pitch  of  the  tone,  only  with  a  wide 
glottis  much  more  air  must  be  driven  through  it,  which,  of  course,  greatly  increases  the  work 
of  the  thorax. 

313.  ARRANGEMENT  OF  THE  LARYNX.— I.  Cartilages  and  Ligaments. 

— The  fundamental  part  of  the  larynx  consists  of  the  cricoid  cartilage,  whose  small 
narrow  portion  is  directed  forwards  and  the  broad  plate  backwards.  The  thyroid 
cartilage  articulates  by  its  inferior  cornu  with  the  posterior  lateral  portion  of  the 
cricoid.  This  permits  of  the  thyroid  cartilage  rotating  upon  a  horizontal  axis 
directed  through  both  of  the  articular  surfaces,  so  that  the  upper  margin  of  the 
thyroid  passes  forward  and  downw^ard,  while  the  joint  is  so  constructed  as  to 
permit  also  of  a  slight  upward,  downward,  forward,  and  backward  movement  of 
the  thyroid  upon  the  cricoid  cartilage.  The  triangular  arytenoid  cartilages 
articulate  at  some  distance  from  the  middle  line,  with  oval,  saddle-like,  articular 
surfaces  placed  upon  the  upper  margin  of  the  plate  of  the  cricoid  cartilage.  The 
articular  surfaces  permit  two  kinds  of  movements  on  the  part  of  the  arytenoid 
cartilages ;  first,  rotation  on  their  base  around  their  vertical  long  axis,  whereby 
either  the  anterior  angle  or  processus  vocalis,  w^hich  is  directed  forwards,  is  rotated 
outwards ;  while  the  processus  muscularis,  which  is  directed  outwards  and  projects 
over  the  margin  of  the  cricoid  cartilage,  is  rotated  backwards  and  inwards,  or 
conversely.  Further,  the  arytenoids  may  be  slightly  displaced  upon  their  bases 
either  outwards  or  inwards. 

The  true  vocal  cords,  or  thyro-arytenoid  ligaments,  are  in  man  about  15  milli- 
metres, and  in  woman  11  millimetres  in  length,  and  consist  of  numerous  elastic 
fibres.  They  arise  close  to  each  other  from  near  the  middle  of  the  inner  angle  of  the 
thyroid  cartilage,  and  are  inserted,  each  into  the  anterior  angle  or  processus  vocalis 
of  the  arytenoid  cartilages.  The  ventricles  of  Morgagni  permit  free  vibration 
of  the  true  vocal  cords,  and  separate  them  from  the  upper  or  false  cords,  which  con- 
sist of  folds  of  mucous  membrane.    The  false  vocal  cords  are  not  concerned  in 
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phonation,  but  the  secretion  of  their  numerous  mucous  glands  moistens  the  true 
vocal  cords. 

The  obliquely  directed  under-surface  of  the  vocal  cords  causes  the  cords  to  come  together  very 
easily  when  the  glottis  is  narrow  during  respiration  {e.g.,  in  sobbing),  while  the  closure  may  be 
made  more  secure  by  respiration.  The  opposite  is  the  condition  of  the  false  vocal  cords,  wliich, 
when  they  touch,  are  easily  separated  during  inspiration ;  while  during  expiration,  owing  to  the 
dilatation  of  the  ventricles  of  Morgagni,  they  easily  come  together  and  close  ( Wyllic,  L.  Bran- 
ton  and  Cash). 

II.  Action  of  the  Laryngeal  Muscles.— These  muscles  have  a  double  function  : 
— 1.  One  connected  with  respiration,  in  as  far  as  the  glottis  is  widened  and 
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Fig.  352. — Larynx  from  the  front,  with  the  ligaments  and  the  insertions  of  the  muscles. 
O.h.,  Os  hyoideum;  C.th.,  Cart,  thyreoidea:  Cor)),  trit.,  Corpus  triticeum  ;  C'.c,  Cart, 
cricoidea  ;  C.tr.,  Cart,  tracheales  ;  Lig.  thyr.-hyoid.  med.,  Ligamentum  thyreo-hyoideuni 
medium  ;  Lig.  th.-h.  Int.,  Ligam.  thyreo-hyoideum  laterale  ;  Lig.,  eric.  thyr.  vied.,  Ligani. 
crico-thyreoideum  medium;  Lig.  eric. -track.,  Ligam.  crico-tracheale  ;  M.  St.-h.,  Muse, 
sterno-hyoideus  ;  J/,  th.-hyoid.,  Muse,  thyreo-hyoideus  ;  M.  st.-tli..  Muse,  sterno-thyreo- 
ideus  ;  M.  cr.-th.,  Muse,  crico-thyreoideus.  Fig.  353. — Larynx  from  behind  after  removal 
of  the  muscles.  E.,  Epiglottis  cushion  (W.)  ;  L.  ar.-ep.,  Lig.  ary-epiglotticum  ;  M.m., 
Membraua  mucosa;  C.Jl^.,  Cart.  Wrisbergii  ;  C.S.,  Cart.  Santorini  ;  C.  aryt.,  Cart, 
arytainoidea  ;  C'.c,  Cart,  cricoidea  ;  P.vi.,  Processus  muscularis  of  Cart,  arytajn. ;  L.  cr.-ar,, 
Li^am.  crico-aryta'an. ;  C'.a'.,  Cornu  superius ;  C.i.,  Cornu  inferius  Cart,  thyreoidea. 
L.°ce.-cr.  p.  i.,  Lig.  kerato-cricoideum.  post,  inf.;  C.tr.,  Cart,  tracheales;  P.m.tr.,  Pars 
membranacea  tracheae. 

narrowed  alternately  during  respiration ;  further,  when  the  glottis  is  firmly  closed 
by  these  muscles,  the  entrance  of  foreign  substances  into  the  larynx  is  prevented. 
The  glottis  is  closed  immediately  before  the  act  of  coughing  (§  120).  2.  The 
larnyngeal  muscles  give  the  vocal  cords  the  proper  tension  and  other  conditions  for 
phonation. 

1.  The  glottis  is  dilated  by  the  action  of  the  posterior  crico-arytenoid  muscles. 
When  they  contract  they  imll  both  processus  musculares  of  the  arytenoid  cartilages 
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backwards,  downwards,  and  towards  the  middle  line  (fig.  356),  so  that  the  processus 
vocales  (I,'l)  must  go  apart  and  upwards  (11,  II).  Thus,  between  the  vocal  cords 
(glottis  vocalis),  as  well  as  between  the  inner  margins  of  the  arytenoid  cartilages, 
a  large  triangular  space  is  formed  (glottis  respiratoria),  and  these  spaces  are  so 
arranged  that  their  bases  come  together,  so  that  the  aperture  between  the  cords  and 
the  arytenoid  cartilages  has  a  rhomboidal  form.  Fig.  .3.56  shows  the  action  of  the 
muscles.  The  vocal  cords,  represented  by  lines  converging  in  front,  arise  from  the 
anterior  angle  of  the  arytenoid  cartilages  (I,  I).    When  these  cartilages  are  rotated 


Fig.  '354. — Larynx  from  behind  with  its  muscles.  E.,  Epiglottis,  with  the  cushion  (W.)  ; 
C.W.,  Cart.  Wrisbergii  ;  C.S.,  Cart.  Saiitorini ;  C.c,  Cart,  cricoidea.  Cornu  sup. — 
Cornuinf. ,  Cart,  thyreoideic  ;  M.  ar.  tr.,  Muse,  arytienoideus  transversus  ;  3Im.  ar,  obi., 
Musculi  arytrenoidei  obliqui ;  M.  cr.-aryt.  post.,  Muscuhis  crico-aryta?noideus  posticus  ;  Pars 
cart.;  Pars  cartilaginea  ;  Par.'i  viemh. ,  Pars  merabranacea  trachea".  Fig.  355. — Nerves  of 
the  larynx.  O./i.,  Os  h^'oidenm ;  C.th.,  Cart,  thyreoidea ;  C.c,  Cart,  cricoidea;  Tr., 
Trachea;  M.  th.-ar.,  M.  thyreo-arytienoideus ;  iV.  cr.-ar.  p.,  M.  crico-aryt^noideus 
posticus;  M.  cr.-ar  I.,  M.  crico-aryta'U.  lateralis;  M.  cr.-th.,  M.  crico-thyreoideus ; 
.V.  lar.  sup.  v.,  N.  laryngeus  sup. ;  ILL,  Pamus  internus  ;  E.E.,  Ramus  ext. ;  iV.  lar.  rec.  v., 
N.laryngeus  recurrens  ;  li.I.JV.L.It.,  Ramus  int.;  R.E.N.L.E.,'Ra.mus  ext.  nervi laryngei 
recurrentis  vagi. 

into  the  position  (II,  II),  the  cords  take  the  position  indicated  by  the  dotted  lines. 
The  widening  of  the  respiratory  portion  of  the  glottis  between  the  arytenoid  carti- 
lages is  also  indicated  in  the  diagram. 

PathologicaL— When  these  muscles  are  paralysed,  the  widening  of  the  glottis  does  not  take 
place,  and  there  may  be  severe  dyspncea  during  inspiration,  although  the  voice  is  unaffected 
{Eiccjcl,  L.  Wchcr).  In  a  larynx  just  excised,  the  dilators  are  the  first  to  lose  their  excitability 
[Semon  and  Horslcy). 

2.  The  entrance  to  the  glottis  is  constricted  by  the  arytenoid  muscle  (trans- 
verse), which  extends  transversely  between  both  outer  surfaces  of  the  arytenoids 
along  their  whole  length  (fig.  357).    On  the  posterior  surface  of  this  muscle  is 
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placed  the  cross  bundles  (fig.  354)  of  the  thyro-aryepiglotticus  (or  arytsenoidei 
obliqui) ;  they  act  like  the  foregoing.  The  action  of  these  muscles  is  indicated  in 
fig.  357  ;  the  arrows  point  to  the  line  of  traction. 

Pathological.— Paralysis  of  this  nmsclp  enfeebles  the  voice  and  makes  it  hoarse,  as  much  air 
escapes  between  the  arytenoid  cartilages  during  phonation. 

3.  In  order  that  the  vocal  cords  be  approximated  to  each  other,  which  occurs 
during  phonation,  the  processus  vocales  of  the  arytenoid  cartilages  must  be  closely 
apposed,  whereby  they  must  be  rotated  inwards  and  downwards.  This  result  is 
brought  about  by  the  processus  musculares  being  moved  in  a  forward  and  upward 
direction  by  the  thyro-arytenoid  muscles.  These  muscles  are  applied  to,  and  in 
fact  are  imbedded  in,  the  substance  of  the  elastic  vocal  cords,  and  their  fibres  reach 
to  the  external  surface  of  the  arytenoid  cartilages.  When  they  contract,  they 
rotate  these  cartilages  so  that  the  processus  vocales  must  rotate  inwards.  The 
glottis  vocalis  is  thereby  narrowed  to  a  mere  slit  (fig.  358),  whilst  the  glottis 
respiratoria  remains  as  a  broad  triangular  opening.  The  action  of  these  muscles  is 
indicated  in  fig.  358. 

The  lateral  crico-arytenoid  muscle  is  inserted  into  the  anterior  margin  of  the 
articular  surface  of  the  arytenoid  cartilage ;  hence,  it  can  only  pull  the  cartilage 


Fig.  356.  Fig.  357.  Fig.  358. 

Fig.  356. — Schematic  horizontal  section  of  the  larynx.  I,  Position  of  the  horizontally  divided 
arytenoid  cartilages  during  respiration  ;  from  their  anterior  processes  run  the  converging 
vocal  cords.  The  arrows  show  the  line  of  traction  of  the  posterior  crico-arytcnoid  muscles  ; 
II,  II,  the  position  of  the  arytenoid  muscles  as  a  result  of  this  action.  Fig.  357. — ■ 
Schematic  horizontal  section  of  the  larynx,  to  illustrate  the  action  of  the  arytenoid  muscle. 
I,  I,  position  of  the  arytenoid  cartilages  during  quiet  respiration.  The  arrows  indicate  the 
direction  of  the  contraction  of  the  muscle  ;  II,  II,  the  position  of  the  arytenoid  cartilages 
after  the  arytenoideus  contracts.  Fig.  358. — ^Scheme  of  the  closure  of  the  glottis  by  the 
thyro-arytenoid  muscles.  II,  II,  position  of  the  arytenoid  cartilages  during  quiet  respira- 
tion. The  arrows  indicate  the  direction  of  the  muscular  traction. — I,  I,  position  of  the 
arytenoid  cartilages  after  the  muscles  contract. 

forwards;  but  some  have  supposed  that  it  can  also  rotate  the  arytenoid  cartilage  in 
a  manner  similar  to  the  thyro-arytenoid  (?),  with  this  difference,  that  the  processus 
vocales  do  not  come  so  close  to  each  other. 

Pathological. — Paralysis  of  both  thyro-arytenoid  muscles  causes  loss  of  voice. 

4,  The  vocal  cords  are  rendered  tense  by  their  points  of  attachment  being 
removed  from  each  other  by  the  action  of  muscles.  The  chief  agents  in  this  action 
are  the  crico-thyroid  muscles,  which  pull  the  thyroid  cartilage  forwards  and  down- 
wards. At  the  same  time,  however,  the  posterior  crico-aryteuoids  must  pull  the 
arytenoid  cartilages  slightly  backwards,  and  also  keep  them  fixed. 

The  genio-hyoid  and  thyro-hyoid,  when  they  contract,  pull  the  thyroid  upwards  and  forwards 
towards  the  chin,  and  also  tend  to  increase  the  tension  of  the  vocal  cords  {C.  Mayer,  Griitzncr). 

Pathological,  — Paralysis  of  the  crico-thyroid  causes  the  voice  to  become  harsh  and  deep,  owing 
to  the  vocal  cords  not  being  sulliciently  tense. 

Position  during-  Phonation. — The  tension  of  the  vocal  cords  brought  about  in 

this  way  is  not  of  itself  suflicient  for  phonation.    The  triangular  aperture  of  the 

fflottis  respiratoria  between  the  arytenoid  cartilages,  produced  by  the  unaided  action 
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of  the  internal  thyro-aryteuoid  muscles  (see  3)  must  be  closed  by  the  action  of  the 
transverse  and  oblique  arytenoid  muscles.  The  vocal  cords  themselves  must  have 
a  concave  margin,  Avhich  is  obtained  through  the  action  of  the  crico-thyroids  and 
posterior  crico-arytenoids,  so  that  the  glottis  vocalis  presents  the  appearance  of  a 
myrtle  leaf  (Henle),  while  the  rima  glottidis  has  the  form  of  a  linear  sht  (fig.  362). 
The  contraction  of  the  internal  thyro-arytenoid  converts  the  concave  margin  of  the 
vocal  cords  into  a  straight  margin.  This  muscle  adjusts  the  delicate  variations  of 
tension  of  the  vocal  cords  themselves,  causing  more  especially  such  variations  as  are 
necessary  for  the  production  of  tones  of  slightly  different  pitch.  As  these  muscles 
come  close  to  the  margin  of  the  cords,  and  are  securely  woven,  as  it  were,  amongst 
the  elastic  fibres  of  which,  the  cords  consist,  they  are  specially  adapted  for  the  above- 
mentioned  purpose.  When  the  muscles  contract,  they  give  the  necessary  resistance 
to  the  cords,  thus  favouring  their  vibration.  As  some  of  the  muscular  fibres  end 
in  the  elastic  fibres  of  the  cords,  these  fibres,  when  they  contract,  can^  render 
certain  parts  of  the  cords  more  tense  than  others,  and  thus  favour  the  modifications 
in  the  formation  of  the  tones.  The  coarser  variations  in  the  tension  of  the  vocal 
cords  are  produced  by  the  separation  of  the  thyroid  from  the  arytenoid  cartilages, 
while  the  Jiner  variations  of  tension  are  produced  by  the  thyro-arytenoid  muscles. 
The  value  of  the  elastic-tissue  of  the  cords  does  not  depend  so  much  upon  its 
extensibility,  as  upon  its  property  of  shortening  without  forming  folds  and  creases. 

Pathological.— In  paralysis  of  these  muscles,  the  voice  can  only  be  produced  by  forcible 
expiration,  as  much  air  escapes  through  the  glottis  ;  the  tones  are  at  the  same  time  deep  and 
impure.  JParalysis  of  the  muscle  of  one  side  causes  flapping  of  the  vocal  cord  on  that  side 
{GerJuinU). 

5.  The  relaxation  of  the  vocal  cords  occurs  spontaneously  when  the  stretch- 
ing forces  cease  to  act ;  the  elasticity  of  the  displaced  thyroid  and  arytenoid  carti- 
lages comes  into  play,  and  restores  them  to  their  original  position.  The  vocal 
cords  are  also  relaxed  by  the  action  of  the  thyro-arytenoid  and  lateral  crico-arytenoid 
muscles. 

It  is  evident,  from  the  above  statements,  that  tension  of  the  vocal  cords  and 
narrowing  of  the  glottis  are  necessary  for  phonation.  The  tension  is  produced 
by  the  crico-thyroids  and  posterior  crico-arytenoids  ;  the  narrowing  of  the  glottis 
respiratoria  by  the  arytenoids,  transverse  and  oblique,  the  glottis  vocalis  being 
narrowed  by  the  thyro-arytenoids  and  (?  lateral  crico-arytenoids),  the  former  muscles 
causing  the  cords  themselves  to  become  tense. 

Nerves  (§  352,  5). — The  crico-thyroid  is  supplied  by  the  superior  laryngeal 
branch  of  the  vagus,  which  at  the  same  time  is  the  sensory  nerve  of  the  mucous 
membrane  of  the  larynx.  All  the  other  intrinsic  muscles  of  the  larynx  are  supplied 
by  the  inferior  laryngeal. 

The  mucous  membrane  of  the  larynx  is  richly  supplied  with  elastic  fibres,  and  so  is  the 
sub-mucosa.  The  sub-mucosa  is  more  lax  near  the  entrance  to  the  glottis  and  in  the  ventricles 
of  Morgagni,  which  explains  tlie  enormous  swelling  that  sometimes  occurs  in  these  parts  in 
cedenia  glottidis.  A  thin  clear  limiting  membrane  lies  under  the  epithelium.  The  epithelium 
is  stratified,  cylindrical,  and  ciliated  with  intervening  goblet  cells.  On  the  true  vocal  cords 
and  the  anterior  siirface  of  the  epiglottis,  however,  this  is  replaced  by  stratified  squamous 
epithelium,  which  covers  the  small  papillai  of  the  mucous  membrane.  Numerous  branched 
■mucous  glands  occur  over  the  cartilages  of  Wrisberg,  the  cushion  of  the  epiglottis,  and  in  the 
ventricles  of  Morgagni ;  in  other  situations,  as  on  the  posterior  surface  of  the  larynx,  the  glands 
are  more  scattered.  The  blood-vessels  form  a  dense  capillary  plexus  under  the  membrana 
propria  of  the  mucous  membrane  ;  under  this,  however,  there  are  other  two  strata  of  blood- 
vessels. The  lymphatics  form  a  superficial  narrow  mesh-work  under  the  blood-capillaries,  with 
a  deeper,  coarser  plexus.  The  medullated  nerves  have  ganglia  in  their  branches,  but  their 
mode  of  termination  is  unknown.  [W.  Stirling  has  described  a  rich  sub-epithelial  plexus  of 
medullated  nerve-fibres  on  the  anterior  surface  of  the  epiglottis,  while  he  finds  that  there  are 
ganglionic  cells  in  the  course  of  the  superior  laryngeal  nerve.] 

Cartilages.— The  thyroid,  cricoid,  and  nearly  the  whole  of  the  arytenoid  cartilages  consist  of 
hyaline  cartilage.    The  two  former  are  prone  to  ossify.    The  apex  and  processus  vocalis  of  the 
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arytenoid  cartilages  consist  ol  yellow  fibro-cartilage,  and  so  do  all  the  other  cartilages  of  the 
larynx. 

The  larynx  grows  until  about  the  sixth  year,  when  it  rests  for  a  time,  but  it  becomes  again 
much  larger  at  puberty  (§  434).  ° 

314.  LARYNGOSCOPY.— Historical.— After  Bozzini  (1807)  gave  the  first  impulse  towards 
the  investigation  of  tlie  internal  cavities  of  the  body,  by  illuminating  them  with  the  aid  of 
mirrors,  Babiugton  (1829)  actually  observed  the  glottis  in  this  way.  The  famous  .singer, 
JManuel  Garcux  (1854),  made  investigations  both  on  himself  and  other  .singers,  regarding  the 


niovements  of  tlie  vocal  cords,  during  respiration  and  phonation.  The  examination  of  the 
larynx  by  means  of  the  laryngoscope  was  rendered  ].racticable  cliielly  by  Tiirck  (1857)  and 


a 


Fig.  359. 

Vertical  section  through  the  head  and  neck,  to  the  1st  dorsal  vertebra,  a,  position  of  the 
laryngo.scopc  on  observing  the  posterior  part  of  the  glottis,  arytenoid  cartilages,  and  upper 
surface  of  the  posterior  wall  of  the  larynx;  h,  its  position  on  observing  tlie  anterior  angle 


of  the  glottis. 


Large,  a,  and  b,  small  laryngoscopic  mirrors. 


Czennak,  the  latter  observer  being  the  first  to  use  the  light  of  a  lamp  for  the  illumination  of 
the  larynx.  Rhinoscopy  was  actually  first  practised  by  Baunies  (18-38),  but  Czennak  was  the 
first  person  who  investigated  this  subject  .systematically. 

The  Laryngoscope  consists  of  a  small  mirror  fixed  to  a  long  handle,  at  an  angle  of  125°  to 
130°  (fig.  359,  a,  h).  When  the  mouth  is  opened,  and  the  tongue  drawn  forward,  the  mirror  is 
introduced,  as  is  shown  in  fig.  360.  The  position  of  the  mirror  must  be  varied,  according  to 
the  position  of  the  larynx  we  wish  to  examine;  in  some  cases,  the  soft  palate  has  to  be  raised 
by  the  back  of  the  mirror,  as  in  the  position  h.  A  picture  of  the  part  of  the  larynx  examined  is 
formed  in  the  small  mirror,  the  rays  of  light  passing  in  the  direction  indicated  by  the  dotted 
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lilies  from  the  mirror  ;  they  are  reflected  at  the  same  angle  through  the  mouth  into  the  eye  of 
the  observer,  who  must  place  himself  in  the  direction  of  the  rellected  rays. 

The  illumination  of  the  larynx  is  accomplished  either  by  means  of  direct  sunlight  or  by  light 
from  an  artificial  source,  e.g.,  an  ordinary  lamp,  an  oxyhydrogen  lime-light,  or  the  electric  light. 
The  beam  of  light  impinges  upon  a  concave  mirror  of  15  to  20  centimetres  focus,  and  10  centi- 
metres in  widUi,  and  from  its  surface  the  concentrated  beam  of  light  is  reflected  through  the 
mouth  of  the  patient,  and  directed  upon  the  small  mirror  held  in  the  back  part  of  the  throat. 
The  beam  of  light  is  reflected  at  the  same  angle  towards  the  larynx  by  the  small  throat  mirror, 
so  that  the  larynx  is  brightly  illuminated.    The  observer  has  now  to  direct  his  eye  in  the  same 


Fig.  360. 
Method  of  examining  the  larynx. 

direction  as  the  illuminating  rays,  which  can  be  accomplished  by  having  a  hole  in  the  centre  of 
the  concave  mirror,  through  which  the  observer  looks.  Practically,  however,  this  is  unnecessary ; 
all  that  is  necessary  is  to  fix  the  concave  mirror  to  the  forehead  by  means  of  a  broad  elastic 
band,  so  that  the  observer,  by  looking  just  under  the  margin  of  the  concave  mirror,  can  see  the 

picture  of  the  larynx  in  the  small  throat  mirror  (fig.  360). 

In  order  to  examine  the  larynx,  place  the  i)atient 
immediately  in  front  of  you,  and  cause  him  to  o]>en  his 
mouth  and  protrude  his  tongue.  A  lamp  is  placed  at 
the  side  of  the  head  of  the  patient,  and  light  from  this 
source  is  reflected  from  the  concave  mirror  on  the  ob- 
server's forehead,  and  concentrated  upon  the  laryngo- 
.scopic  mirror  introduced  into  the  back  part  of  the 
throat  of  the  patient  (fig.  360). 

Oertel  was  able  by  means  of  a  rapid  intermittent 
illumination  of  the  larynx  through  a  stroboscopic  disc, 
to  study  the  movements  of  the  vocal  cords  directly 
with  the  eye.  Siraanowsky  put  a  photographic  camera 
in  the  position  of  the  eye,  and  photographed  the  move- 
ments of  the  vocal  cords  of  an  artificial  larynx.  [Brown 
and  Behnke  have  photographed  the  human  vocal  cords.] 
Laryngeal  Electrodes.— V.  Ziemssen  introduces  long 
rp,    ,  ^1    ,  narrow  electrodes  into  the  larynx,  to  stimulate  the 

The  larynx  as  seen  with  the  laryngo-  n,,,scles  and  study  their  actions.    Rossbach  finds  that 
scope.    Z.,  tongue;  ^..epiglottis;  T.,  the  muscles  and  nerves  of  the  interior  of  the  larynx 


Fig.  361. 


valleculla;  ii.,  glottis;  L.v.,  true  vocal 
cords;  S.M.,  sinus  Morgagni ;  L.v.s., 
false  vocal  cords  ;  P.,  position  of 
pharynx  ;  S.,  cartilage  of  Santorini ; 
IV.,  of  Wrisberg;  fS'.^AjSinuspirifornies. 


may  be  stimulated  by  stimulating  the  skin,  i.e., 
pcrcutaneously.  Those  methods  are  used  both  for 
physiological  and  therapeutical  purposes. 

Picture  of  the  Larynx.— Fig.  361  shows  the 
followmg  structures : — Z.,   the  root  of  the 


tongue,  witli  the  ligamentum  glosso-epiglotticum  continued  from  its  middle  ;  on 
each  .side  of  the  latter  are  F.F.,  the  so-called  vallectihe.    The  eimjlottk  {E.)  appears 
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like  an  arched  upper  lip ;  under  it,  during  normal  respiration,  are  the  lancet-shaped 
(llottis  {R.)  and  on  each  side  of  it  the  time  vocal  cords  (L.v).  The  length  of  the 
vocal  cord  in  a  child  is  6  to  8  mm.,  in  the  female  10  to  15  mm.  when  they  are 
relaxed,  and  15  to  20  mm.  when  tense.  In  man,  the  lengths  under  the  same  con- 
ditions are  15  to  20  mm.  and  20  to  25  mm.  The  breadth  varies  from  2  to  5  mm. 
On  the  external  side  of  each  vocal  cord  is  the  entrance  to  the  simis  of  Morgagni 


Fig.  362. 

Position  of  the  vocal  cords  on  uttering  a 
high  note. 


Fig.  363. 

View  of  the  rings  and  bifurcation  of 
trachea. 


(S.M.),  represented  as  a  dark  line.  Further  upwards  and  more  external  are  (L.v.s.) 
the  upper  or  false  vocal  cords.  [The  upper  or  false  vocal  cords  are  red,  the  lower  or 
true,  white.]  On  each  side  of  P.  are  (S.S.),  the  apices  of  the  cartilages  of  San- 
iorini,  placed  upon  the  apices  of 
the  arytenoid  cartilages,  while 
immediately  behind  is  the  wall  of 
the  pharynx,  P.  In  the  aryteno- 
epiglottidean  fold  are  ( IF.  W. )  the 
cartilages  of  Wrisherg,  while  out- 
side these  are  the  depressions  (»S'.^,) 
constituting  the  simis  jyiriformes. 

During  normal  respiration,  the 
glottis  has  the  form  of  a  lancet- 
shaped  slit  between  the  bright, 
yellowish-white,  vocal  cords  (fig. 
362).  If  a  deep  inspiration  be 
taken,  the  glottis  is  considerably 
widened  (fig.  363),  and  if  the 
mirror  be  favourably  adjusted  we 
may  see  the  rings  of  the  trachea, 
and  even  the  birfurcation  of  the 
trachea. 

If  a  high  note  be  uttered,  the 
glottis  is  contracted  to  a  very 
narrow  slit  (fig.  362). 

Ehinoscopy. — If  a  small  mirror,  fixed 
to  a  handle  at  an  angle  of  100°  to  110°, 
be  introduced  into   tlie  pharynx,  as 

shown  in  fig.  364,  and  if  the  mirror  be  p.^^ 
directed  vpivards,  certain  structures  are  .       ^  ,    ,  °'    .  '  .  ... 

with  difficultyrendered  visible  (fig.  365).  Position  of  the  laryngoscopic  mirror  in  rhinoscopy. 
In  the  middle  is  the  septum  narium  (<S'.n.),  and  on  each  side  of  it  the  long  oval  large  posterior 
nares  (C/i.),  below  this  the  soft  palate  {P.m.),  with  the  ])endant  ^mda  (f/.).  In  the  posterior 
naresare  the  posterior  extremities  of  the  lower  {C.i.),  middle  {Cm.),  and  upper  turbinated  hones 
{C.S.).  At  the  upper  part,  a  portion  of  the  roof  of  the  pharynx  {O.R.)  is  seen,  with  the  arched 
masses  of  adenoid  tissue  lying  between  the  openings  of  tlie  Eustachian  tubes  {T.  T.),  and  called 
by  Luschka  the  phaiijngcal  tonsils.  External  to  the  openings  of  the  Eustachian  tube  is  the 
tubidar  eminence  ( W.),  and  outside  this  is  the  groove  of  Rosenmiiller  {R.). 
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Experiments  on  the  Larynx. - 

•'xcised  larynx.  A  tracheal  tulx 
tlivough  it,  the  pressure 


beiny 


vocal 
closing  the 


Fig.  365. 
Composite  rliinoscopic  view, 
uarium  ;  C.i.,  Cm.,  C.s. 


S.n.,  Se]>tum 
lower,  middle, 


-Ferrein  (§  741 )  and  Joh.  IkliiUer  made  experiments  upon  the 
was  tied  into  the  excised  human  larynx,  and  air  was  blown 
measiired  liy  means  of  a  mercurial  manometer,  while  various 
arrangements  were  adopted  lor  ])utting  the 
cords  on  the  stretch  and  for  opening  or 
glottis. 


315.  CONDITIONS  INFLUENCING 
THE  LARYNGEAL  SOUNDS.— The  pitch 
of  the  note  emitted  by  the  larynx  depends 
upon  : — 

1.  The  Tension  of  the  Vocal  Cords,  i.e., 

upon  the  degree  of  contraction  of  the  crico- 
thyroid and  posterior  crico-arytenoid  muscles, 
and  also  of  the  internal  thyro-arvtenoids 
(§  313,  II.,  4). 

2.  The  Length  of  the  Vocal  Cords. — 
(a)  Children  and  females  with  short  vocal 
cords  produce  high  notes,  {b)  If  the  ary- 
^^'^^^'-^  cartilages  are  pressed  together  by  the 

a^d  upp«"tuVbinated^  action  of  the  arytenoid  muscles  (transverse 

ohian  tube  ;  Jr.,  tubular  eminence  ;  7^'.,  and  oblique),  so  that  the  vocal  cords  alone 
groove  of  Koscnmiiller ;  P.m.,  soft  ^an  vibrate,  while  their  intercartilaginous 
palate:  O.ii.,  root  of  pharynx;  t/.,  uvula.        .•        i  •       i    i.  i.i  i 

'       '       '         t     J    '     y  portions  lying  between  the  processus  vocales 

do  not,  the  tone  thereby  produced  is  higher  (Garcia).  In  the  production  of  low 
notes,  the  vocal  cords,  as  well  as  the  margins  of  the  arytenoid  cartilages,  vibrate. 
At  the  same  time  the  space  above  the  entrance  to  the  glottis  is  enlarged  and  the 
larynx  becomes  more  prominent,  (c)  Every  individual  has  a  certain  medium  pitch 
of  his  voice,  which  corresponds  to  the  smallest  possible  tension  of  the  intrinsic 
muscles  of  the  larynx. 

3.  The  Strength  of  the  Blast. — That  the  strength  of  the  blast  from  below  raises 
the  pitch  of  the  tones  of  the  human  larynx  is  shown  by  the  fact,  that  tones  of  the 
highest  pitch  can  only  be  uttered  by  powerful  expiratory  efforts.  With  tones  of 
vieditmi  pitch,  the  pressure  of  the  air  in  the  trachea  is  160  mm.,  with  hix/h  pitch 
200  mm,,  and  with  very  high  notes  945  mm.,  and  in  ivhisjjering  30  mm.,  of  water 
{Cagniard-Latour).    These  results  were  obtained  in  a  case  of  tracheal  fistula. 

AccesBory  Phenomena. — The  following  as  yet  but  partially  explained  phenomena  are  observed 
in  connection  with  the  production  of  higli  notes  :— (a)  As  the  pitch  of  the  note  rises,  the  larynx 
is  elevated,  i^artly  because  the  muscles  raising  it  are  active,  partly  because  the  increased  intra- 
tracheal pressure  so  lengthens  the  trachea,  that  the  larynx  is  thereby  raised;  the  uvula  is  raised 
more  and  more  (Labus).  {h)  The  upper  vocal  cords  approximate  to  each  other  more  and  more, 
without,  however,  coming  into  contact,  or  participating  in  the  vibrations,  (o)  The  epiglottis 
inclines  more  and  more  backwards  over  the  glottis. 

4.  The  falsetto  voice  with  its  soft  timbre  and  the  absence  of  resonance  or 
pectoral  fremitus  in  the  air-tubes  is  particularly  interesting.  Oertel  observed  that, 
during  the  falsetto  voice,  the  vocal  cords  vibrated  so  as  to  form  nodes  across  them, 
but  sometimes  there  was  only  one  node,  so  that  the  free  margin  of  the  cord  and 
the  basal  margin  vibrated,  being  separated  from  each  other  by  a  nodal  line  (parallel 
to  the  margins  of  the  vocal  cord).  During  a  high  falsetto  note,  there  may  be  three 
such  nodal  lines  parallel  to  each  other.  The  nodal  lines  are  produced  probably  by 
a  partial  contraction  of  the  fibres  of  the  thyro-arytenoid  muscle  (p.  513),  while  at 
the  same  time  the  vocal  cords  must  be  reduced  to  as  thin  plates  as  possible  by 
the  action  of  the  crico-thyroid,  posterior  arytenoid,  thyro-  and  genio-hyoid  muscles 
{Oertel).  The  form  of  the  glottis  is  elliptical,  while  with  the  chest-voice  the  vocal 
cords  are  limited  by  straight  surfaces ;  the  air  also  passes  more  freely  through  the 
larynx. 
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Oertel  also  found  that  during  tlio  falsetto  voice  the  epiglottis  is  erect.  The  apices  of  the 
arytenoid  cartilages  are  slightly  inclined  backwards,  the  whole  larynx  is  larger  from  before 
backwards,  and  narrower  frona  side  to  side,  the  aryepiglottidean  folds  are  tense  with  sharp 
margins,  and  the  entrance  to  the  ventricles  of  Morga<,Mii  is  narrowed.  The  vocal  cords  are 
narrower,  the  processus  vocales  touch  each  other.  The  rotation  of  the  arytenoid  cartilages 
necessary  for  this  is  brought  about  by  the  action  of  the  crico-arytenoid  alone,  while  the  thyro- 
arytenoid is  to  be  regarded  only  as  an  accessory  aid.  The  pitch  of  the  note  is  increased  solely  by 
increased  tension  of  the  vocal  cords.  In  addition,  there  are  a  number  of  transverse  and  longi- 
tudinal jxirtial  vibrations.  During  the  chest-voice,  a  smaller  part  of  the  margin  vibrates  than 
in  the  falsetto  voice,  so  that  in  the  production  of  the  latter  we  are  conscious  of  less  muscular 
exertion  in  the  larynx-.    The  uvula  is  raised  to  the  horizontal  position. 

Production  of  Voice. — In  order  that  voice  be  produced,  the  following  conditions 
are  necessary: — (I)  The  necessary  amount  of  air  is  collected  in  the  chest;  (2)  the 
larynx  and  its  parts  are  fixed  in  the  proper  position ;  (3)  air  is  then  forced  by  an 
expiratory  effort  either  through  the  linear  chink  of  the  closed  glottis,  so  that  the 
latter  is  forced  open,  or  at  first  some  air  is  allowed  to  pass  through  the  glottis 
without  producing  a  sound,  but  as  the  blast  of  air  is  strengthened  the  vocal  cords 
are  thrown  into  vibration. 

316.  RANGE  OF  THE  VOICE.— The  range  of  the  human  voice  for  chest 
notes  is  given  in  the  following  scheme : — 

256  Soprano.  1024 
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80  I  Bass.  342  j 

128  Tenor.  512 

The  accompanying  figures  indicate  the  number  of  vibrations  per  second  in  the  corresponding 
tone.  It  is  evident  that  from  c'  to  /'  is  common  to  all  voices,  nevertheless,  they  have  a  different 
timbre.  The  lowest  note  or  tone,  which,  however,  is  only  occasionally  sung  by  bass  singers,  is 
the  contra-F,  with  42  vibrations — the  highest  note  of  the  soprano  voice  is  a'",  with  1708 
vibrations. 

Timbre. — The  voice  of  every  individual  has  a  peculiar  (ptality,  clang,  or  timbre, 
which  depends  upon  the  shape  of  all  the  cavities  connected  with  the  larynx.  In 
the  production  of  nasal  tones,  the  air  in  the  nose  is  caused  to  vibrate  strongly,  so 
that  the  entrance  to  the  nares  must  necessarily  be  open. 

317.  SPEECH — THE  VOWELS. — The  motor  processes  connected  with  the  pro- 
duction of  speech  occur  in  the  resonating  cavities,  the  pharynx,  mouth,  and  nose, 
and  are  directed  towards  the  production  of  musical  tones  and  noises. 

Whispering  and  Audible  Speech. — When  sounds  or  noises  are  produced  in  the 
resonating  chambers,  the  larynx  being  passive,  the  vox  clandestina,  or  whispering 
is  produced  ;  when  the  vocal  cords,  however,  vibrate  at  the  same  time,  "  audible 
speech  "  is  produced.  [Whispering,  therefore,  is  speech  without  voice.]  Whisper- 
ing may  be  fairly  loud,  l)Ut  it  requires  great  exertion,  i.e.,  a  great  expiratory  blast, 
for  its  production  ;  hence  it  is  very  fatiguing.  It  may  be  performed  both  with 
inspiration  and  expiration,  while  audible  speech  is  bat  temporary  and  indistinct,  if 
it  is  produced  during  inspiration.  Whispering  is  caused  by  the  sound  produced  by 
the  air  passing  over  the  obtuse  margins  of  the  cords.  During  the  production  of 
audible  soioids,  however,  the  sharp  margins  of  the  vocal  cords  are  directed  towards 
the  air  by  the  position  of  the  processus  vocales. 

During  speech  the  soft  palate  is  in  action ;  at  each  word  it  is  raised,  while  at  the  same  time, 
PassavaiU's  transverse  baud  is  formed  in  the  pharynx  (§  156).    The  soft  palate  is  raised  highest 
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w  hen  u  and  i  are  sounded,  then  with  o  and  c,  and  least  with  a.  "When  sounding  m  and  n  it 
does  not  move  ;  it  is  high  (like  n)  during  the  utterance  of  the  explosives.  AVith  1,  s,  and 
especially  with  the  gutteral  r,  it  exhibits  a  trembling  movement  {Gcntzen,  Falkson). 

Speech  is  composed  of  vowels  and  consonants. 

A.  Vowels  (analysis  and  artificial  formation,  §  415). — A.  During  whispering, 
a  vowel  is  the  musical  tone  produced,  either  during  expiration  or  inspiration,  by 
the  inflated  characteristic  form  of  the  mouth,  which  not  only  has  a  definite  pitch, 
but  aLso  a  particular  and  characteristic  timbre.  The  characteristic  form  of  the 
moutli  may  be  called    vowel-cavity ^ 

I.  The'pitch  of  the  vowels  may  be  estimated  musically.  It  is  remarkable  that  the  funda- 
mental tone  of  the  "vowel-cavity"  is  nearly  constant  at  diflerent  ages  and  in  the  sexes.  The 
difrerent  capacities  of  the  mouth  can  bo  compensated  for  by  diiferent  sizes  of  the  oral  aperture. 
The  pitch  of  the  vowel  cavity  may  be  estimated  by  placing  a  number  of  vibrating  tuning-forks 
of  different  pitch  in  front  of  the  mouth,  and  testing  them  until  we  find  the  one  which 
corresponds  with  the  fundamental  tone  of  the  vowel-cavity.  This  is  known  by  the  fact,  that 
the  tone  of  the  tuning-fork  is  intensified  by  the  resonance  of  the  air  in  the  mouth,  or  the 
vibrations  may  be  transferred  to  a  vibrating  membrane  and  recorded  on  a  smoked  surface,  as  in 
the  phonautograph  of  Donders. 

According  to  Konig,  the  fundamental  tones  of  the  vowel-cavity  are  for 

U  =  b,  0  =  b',  A  =  b",  E  =  b"',  I  =  b"". 

If  the  vowels  be  whispered  in  this  series,  we  find  at  once  that  their  pitch  rises. 
The  fundamental  tone  in  the  production  of  a  vowel  may  vary  within  certain  limits. 
This  may  be  shown  by  giving  the  mouth  the  characteristic  position  and  then  per- 
cussing the  cheeks  (Auerbach);  the  sound  emitted  is  that  of  the  vowel,  whose  pitch 
will  vary  accordingly  to  the  position  of  the  mouth. 

Wlien  sounding  A,  the  mouth  has  the  form  of  a  funnel  widening  in  front  (fig.  366,  A).  The 
tongue  lies  in  the  floor  of  the  mouth,  and  the  lips  are  wide  open.    The  soft  palate  is  moderately 


Fig.  366. 

Section  of  the  parts  concerned  in  phonation.    Z,  tongue  ;  j?,  soft  palate  ;  e,  epiglottis  ;  g, 
glottis  ;  h,  hyoid  bone  ;  1,  tliyroid,  2,  3  cricoid,  4,  arytenoid  cartilage. 

raised  (Czermalc).  It  is  more  elevated  successively  with  0,  E,  TJ,  I.  The  hyoid  bone  appears 
as  if  at  rest,  but  the  larynx  is  slightly  raised.    It  is  higher  than  with  U,  but  lower  than  with  I. 

If  we  sound  A  to  I,  the  larynx  and  the  hyoid  bone  retain  their  relative  position,  but  both  are 
raised.  In  passing  from  A  to  U,  the  larynx  is  depressed  as  far  as  possible.  The  hyoid  bone 
l)asses  slightly  forward  {Briicke).  When  sounding  A,  the  space  between  the  larynx,  posterior 
wall  of  the  pharynx,  soft  palate,  and  the  root  of  the  tongue,  is  only  moderately  wide ;  it 
becomes  wider  with  E,  and  especially  with  I  (Picrkinjc),  but  it  is  smallest  with  U. 

AVlien  sounding  U  (fig.  366),  the  form  of  the  cavity  of  the  mouth  is  like  that  of  a  capacious 
flask  with  a  short,  narrow  neck.    The  whole  resonance  apparatus  is  then  longest.    The  lips  are 
protruded  as  far  as  possible,  are  arranged  in  folds  and  closed,  leaving  only  a  small  openiuf^ 
The  larynx  is  depressed  as  far  as  possible,  while  the  root  of  the  tongue  is  approximated  to 
the  posterior  margin  of  the  palatine  arch. 

^Vhen  sounding  0,  the  mouth,  as  in  U,  is  like  a  wide-bellied  flask  with  a  short  neck,  but  the 
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latter  is  shorter  and  wider  as  the  lips  are  nearer  to  the  teeth.  The  larynx  is  slightly  higher 
than  with  U,  while  the  resonance  chambers  also  are  shorter  (tig.  366). 

\\  hen  sounding  I,  the  cavity  of  tlie  mouth,  at  the  posterior  part,  is  in  the  form  of  a  small- 
bellied  ilask  with  a  long  narrow  neck,  of  which  the  belly  has  the  fundamental  tone,  f,  the 
neck  that  of  d'".  The  resonating  chambers  are  shortest,  as  the  larynx  is  raised  as  much  as 
possible,  while  the  mouth,  owing  to  the  retraction  of  the  lips,  is  bounded  in  front  by  the  teetli. 
Ihe  cavity  between  the  hard  palate  and  the  back  of  the  tongue  is  exceedingly  narrow,  there 
being  only  a  median  narrow  slit.  Hence,  the  air  can  only  enter  with  a  clear  piping  noise, 
which  sets  even  the  vertex  of  the  skull  in  vibration,  and  when  the  ears  are  stopped  the  sounds 
seem  very  shrill.  When  the  larynx  is  depressed  and  the  lips  protruded,  as  for  sounding  U,  I 
cannot  be  sounded. 

When  sounding  E,  which  stands  next  to  I,  the  cavity  has  also  the  form  of  a  flask  with  a 
sniaU  belly  (fundamental  tone,  f),  and  with  a  long,  narrow  neck  (fundamental  tone,  b'").  The 
neck  is  wider,  so  that  it  does  not  give  rise  to  a  piping  noise.  The  larynx  is  slightly  lower 
than  for  I,  but  not  so  high  as  for  A. 

Fundamentally,  there  are  only  </irce  pj-mtWi/ vowels— I,  A,  U,  the  others  and  the  so-called 
diphthongs  standing  between  them  (Briicke). 

Diphthongs  occur  when,  during  vocaHsation,  we  pass  from  the  position  of  one 
vowel  into  that  of  another.  Distinct  diphthongs  are  sounded  only  on  passing  from 
one  vowel  with  the  moutli  wide  open  to  one  with  the  mouth  narrow;  during  the 
converse  process,  the  vowels  appear  to  our  ear  to  be  separate  {BriicJce). 

II.  Timbre  or  Clang-Tint. — Besides  its  pitch,  every  vowel  has  a  special  timbre, 
quality,  or  clang-tint. 

The  vocal  timbre  of  U  (whispering)  has,  in  addition  to  its  fundamental  tone,  b,  a  deep 
piping  timbre.  The  timbre  depends  upon  the  number  and  pitch  of  iha  XMrtials  or  overtones  of 
the  vowel  sound  (§  415). 

Nasal  Timbre.  — The  timbre  is  modified  in  a  special  manner  when  the  vowels  are  spoken  with 
a  "  nasal  "  twang,  which  is  largely  the  case  in  the  French  language.  The  nasal  timbre  is 
produced  by  the  soft  palate  not  cutting  off  the  nasal  cavity  completely,  which  happens  every 
time  a  pitrc  vowel  is  sounded,  so  that  the  air  in  the  nasal  cavity  is  thrown  into  sympathetic 
vibration.  When  a  vowel  is  spoken  with  a  nasal  timbre,  air  passes  out  of  the  nose  and  mouth 
simultaneously,  while  with  a  pure  vowel  sound,  it  passes  out  only  through  the  mouth. 

When  sounding  a  pure  vowel  (non-nasal),  the  shutting  off  of  the  nasal  cavity  from  the  mouth 
is  so  complete,  that  it  reipiires  an  artificial  pressure  of  30  to  100  mm.  of  mercury  to  overcome 
it  (Hartmann), 

The  vowels,  a,  a  (a"),  o  (w),  0,  e,  are  used  with  a  nasal  timbre — a  nasal  i  does  not  occur  in 
any  language.  Certainlj'  it  is  very  difficult  to  sound  it  thus,  because  when  sounding  i,  the 
mouth  is  so  narrow  that  when  the  passage  to  the  nose  is  open,  the  air  passes  almost  completely 
through  the  latter,  whilst  the  small  amount  passing  through  the  mouth  scarcely  sufRces  to 
produce  a  sound. 

In  sounding  vowels,  we  must  observe  if  they  are  sounded  through  a  previously  closed  glottis, 
as  is  done  in  the  German  language  in  all  words  beginning  with  a  vowel  (spiritus  lenis).  The 
glottis,  however,  may  be  previously  opened  with  a  preliminary  breath,  followed  by  the  vowel 
sound  ;  we  obtain  the  aspirate  vowel  (spiritus  asper  of  the  Greeks). 

B.  If  the  vowels  are  sounded  in  an  audible  tone,  i.e.,  along  with  the  sound  from 

the  larynx,  the  fundamental  tone  of  the  vocal  cavity  strengthens  in  a  characteristic 

manner  the  corresponding  partial  tones  present  in  the  laryngeal  sound  ( Wheatstone, 

0.  Ilelmholtz), 

318.  CONSONANTS.^ — The  consonants  are  noises  which  are  produced  at 
certain  parts  of  the  resonance  chamber.  [As  their  name  denotes,  they  can  only  be 
sounded  in  conjunction  with  a  vowel.] 

Classification. — The  most  obvious  classification  is  according  to — (L)  Their  acoustic  properties, 
so  that  they  are  divided  into — (1)  liquid  consonants,  i.e.,  such  as  are  appreciable  without  a 
vowel  (m,  n,  1,  r,  s) ;  (2)  mutes,  including  all  the  others,  which  cannot  be  distinctly  heard 
without  an  accomjianying  voweh  (IL)  According  to  their  meclianism  of  formation,  as  well  as 
the  type  of  the  organ  of  speech,  by  \vhicli  they  are  produced.    They  are  divided  into— 

1.  'Explosives. —Their  enunciation  is  accomjjanied  by  a  kind  of  Inirsting  open  of  an  obstacle, 
or  an  exjilosion,  occasioned  by  the  confined  and  compressed  air  which  causes  a  stronger  or  weaker 
noise ;  or,  conversely,  the  current  of  air  is  suddenly  intcrriqM,  while,  at  the  same  time,  the 
jiasal  cavities  are  cut  off  by  the  soft  palate, 

2.  Aspirates,  in  wliich  one  part  of  the  canal  is  constricted  or  stopped,  so  that  the  air  rushes 
out  through  the  constriction,  causing  a  faint  whistling  noise.    (The  nasal  cavity  is  cutolf.)  In 
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utterino'  L,  which  is  closelv  related  to  the  aspirates,  but  diflfers  from  them  in  that  the  narrow 
])assag  "for  tlie  rush  of  air  is  not  in  the  middle,  but  at  both  sides  of  the  middle  of  the  closed 
part.    (Tlie  nasal  cavity  is  shut  ofl'.) 

3.  Vibratives,  which  are  produced  by  air  being  forced  through  a  narrow  portion  of  the  canal, 
so  that  till'  margins  of  the  narrow  tube  are  set  in  vibration.    (The  nasal  cavity  is  shut  off.) 

4.  Resonants  (also  called  nasals  or  semi-vowels).  The  nasal  cavity  is  completely  free,  while 
the  vocal  canal  is  completely  closed  in  the  front  part  of  the  oral  channel.  According  to  the 
[wsition  of  the  obstruction  in  the  oral  cavity,  the  air  in  a  larger  or  smaller  portion  of  the  mouth 
is  thrown  into  sympathetic  vibration. 

We  may  also  classify  tliem  according  to  the  position  in  ivhich  they  are  produced 
— the  "  articulation  positions  "  of  Briicke.    These  are  : — 

A.  Between  both  lips  ;  B,  between  the  tongue  and  the  hard  palate  ;  C,  between 
the  tongue  and  the  soft  palate  ;  D,  between  the  true  vocal  cords. 

A.  Consonants  of  the  First  Articulation  Position. 

1.  Explosive  Labials.— b,  the  voice  is  sonnded  before  the  sliglit  explosion  occurs  ;  p,  the 
voice  is  sounded  after  the  much  stronger  explosion  lias  taken  place  {Koiipclcii).  [The  former 
is  spoken  of  as  "  voiced  "  and  the  latter  as  "  breathed."] 

•2.  Aspirate  Labials. — f,  between  the  upper  incisor  teeth  and  the  lower  lip  (labiodental).  It 
is  absent  in  all  true  Slavic  words  {Purkinc)  ;  v,  between  both  lips  (hibial)  ;  w  is  formed  when 
the  mouth  is  in  the  position  for  f,  but  instead  of  merely  forcing  in  the  air,  the  voice  is  sounded 
at  the  same  time.  Really  there  are  two  different  w — one  corresponding  to  the  labial  f,  as  in 
wiirde,  and  the  labiodi^ntal,  e.g.,  quelle  {Briicke). 

3.  Vibrative  Labials. — The  burring  sound,  emitted  by  grooms,  but  not  used  in  civilised 
language. 

4.  Resonant  Labials.  — m  is  formed  essentially  by  sounding  the  voice  whereby  the  air,  in  the 
mouth  and  nose,  is  tlirown  into  sympathetic  vibration  ["voiced"]. 

B.  Consonants  of  the  Second  Articulation  Position. 

1.  The  explosives,  when  enunciated  sharply  and  without  the  voice,  are  T  hard  (also  dt  and 
th)  ;  when  they  are  feeble  and  produced  along  with  simultaneous  laryngeal  .sounds  (voice),  we 
have  D  soft. 

2.  The  aspirates  embrace  S,  including  s  sharp,  written  s  s  or  s  z,  which  is  produced  without 
any  audible  laryngeal  vibration  ;  or  soft,  which  requires  the  voice.  Then,  also,  there  are  modi- 
fications according  to  the  position  where  the  noises  are  produced.  The  sharp  aspirates  include 
Sch,  and  the  hard  English  Th  ;  to  the  soft  belong  the  Frencli  J  soft,  and  the  English  Th  soft. 
L,  which  occurs  in  many  modifications,  appears  here,  e.g.,  the  L  soft  of  the  French.  L  may  be 
sounded  soft  with  the  voice,  or  sharp  without  it. 

3.  The  vibrative,  or  R,  which  is  generally  voiced,  but  it  can  be  formed  without  the  larynx. 
The  resonants  are  N-sounds,  which  also  occur  in  several  modifications. 

C.  Consonants  of  the  Third  Articulation  Position. 

1.  Tlie  explosives  are  the  K-sounds,  which  are  hard  and  breathed  and  not  voiced  ;  G-sounds, 
which  are  voiced. 

2.  The  aspirates,  when  hard  and  breathed  but  not  voiced,  the  Ch,  and  when  sounded  softly 
and  not  voiced,  J  is  formed. 

3.  The  vibrative  is  the  palatal  R,  which  is  produced  by  vibration  of  the  uvula  {Briicke). 

4.  The  resonant  is  the  palatal  N. 

D.  Consonants  of  the  Fourth  A  rticulation  Position. 

1.  An  explosive  sound  does  not  occur  when  the  glottis  is  forced  open,  if  a  vowel  is  loudly 
sounded  with  the  glottis  previously  closed.  If  this  occurs  during  whispering,  a  feeble  short 
noise,  due  to  the  sudden  opening  of  the  glottis,  may  be  heard. 

2.  The  aspirates  of  the  glottis  are  the  H-sounds,  which  are  produced  when  the  glottis  is 
moderately  wide. 

3.  A  glottis-vibrative  occurs  in  the  so-called  laryngeal  R  of  lower  Saxon  [Briicke). 

4.  A  laryngeal  resonant  cannot  exist. 

The  combination  of  different  consonants  is  accomplished  by  the  successive  movements  neces- 
sary for  each  being  rapidly  executed.  Compound  consonants,  however,  are  such  as  are  formed 
when  the  oral  jiarts  are  adjusted  simultaneously  for  two  different  consonants,  so  that  a  mixed 
sound  is  formed  from  two.    Examples  :  Sch — tsch,  tz,  ts- — Ps  (\|/) — Ks  (XH). 

319.  PATHOLOGICAL  VARIATIONS  OF  VOICE  AND  SPEECH. —Aphonia.  — Paralysis  of 
the  motor  nerves  (vagus)  of  the  larynx  by  injury,  or  the  pressure  of  tumours,  causes  aphonia  or 
loss  of  voice  {Galen).  In  aneurism  of  the  aortic  arch,  the  left  recurrent  nerve  may  be  paralysed 
from  pressure.    The  laryngeal  nerves  may  be  temporarily  paralysed  by  rheumatism,  over-exer- 
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tion,  and  hysteria,  or  by  serous  effusions  into  the  laryngeal  muscles.  If  the  tensors  are  paralysed, 
monotonia  is  the  chief  result :  the  disturbances  of  respiration  in  paralysis  of  the  larj^n.x;  are 
important.  As  long  as  the  respiration  is  tranquil,  there  may  be  no  disturbance,  but  as  soon  as 
increased  respiration  occurs,  great  dysnncea  sets  in,  o\vin<'  to  the  inability  of  the  glottis  to 
dilate.  '         o  J 

If  only  one  vocal  cord  is  paralysed,  the  voice  becomes  imi)ure  and  fahsettodike,  while  we  may 
feel  from  without  that  there  is  less  vibration  on  the  paralysed  side  {Gcrhardt).  Sometimes 
the  voca!  cords  are  only  so  far  paralysed  that  thoy  do  not  move  during  phonation,  but  do  so 
during  forced  respiration  and  during  coughing  (phonetic  paralysis). 

Diphthongia. —Incomplete  unilateral  paralysis  of  the  recurrent  nerve  is  sometimes  followed 
by  a  double  tone,  owing  to  the  unequal  tens-ion  of  the  two  vocal  cords.  According  to  Tiirck 
and  Schnitzler,  however,  the  double  tone  occurs  when  the  two  vocal  cords  touch  at  some  i)art 
ot  their  course  {e.g.,  from  the  presence  of  a  tumour,  hg.  367),  so  that  the  glottis  is  divided  into 
two  unequal  portions,  each  of  which  produces  its  own  sound. 

Hoarseness  is  caused  by  mucus  upon  the  vocal  cords,  by  roughness,  swelling,  or  laxness  of 
tho  cords.  If,  while  speaking,  the  cords  are  approximated,  and  suddenly  touch  each  other, 
the  "speech  is  broken,"  owing  to  the  formation  of  nodal 
points  (§  352).  Disease  of  the  pharynx,  naso-pharyngeal 
cavity,  and  uvula  may  produce  a  change  in  the  voice  reflcxly. 

Paralysis  of  the  soft  palate  (as  well  as  congenital  per- 
foration or  cleft  palate)  causes  a  nasal  timbre  of  all  vowels; 
the  former  renders  difficult  the  normal  formation  of  con- 
sonants of  the  third  articulation  position  ;  resonance  is 
imperfect,  while  the  explosives  are  weak,  owing  to  the  escape 
of  the  air  through  the  nose. 

Paralysis  of  the  tongue  weakens  I  ;  E  and  A  (^E)  are  less 
easily  pronounced,  while  the  formation  of  consonants  of  the 
second  and  third  articulation  position  is  affected.    The  term  Fig.  367. 

aphthongia  is  applied  to  a  condition  in  which  every  attempt  Tumours  on  the°vocal  cords  causing 
to  speak  IS  followed  by  spasmodic  movements  of  the  tongue     jo^ye  ^^^^  ^^^^^  the  larynx. 
{Flcurij).  ^ 

In  paralysis  of  the  lips  {facial  nerve),  and  in  hare-lip,  regard  must  be  had  to  the  formation 
of  consonants  of  the  first  articulation  position.  When  the  nose  is  closed,  the  speech  has  a 
characteristic  sound.  The  normal  formation  of  resonants  is  of  course  at  an  end.  After  excision 
of  the  larynx,  a  metal  reed,  enclosed  in  a  tube,  and  acting  like  an  artificial  larynx,  is  introduced 
between  the  trachea  and  the  cavity  of  the  mouth  {Czerny). 

Stammering  is  a  disturbance  of  the  formation  of  sound.s.  [Stammering  is  due  to  long-con- 
tinued spasmodic  contraction  of  the  diaphragm,  just  as  hiccough  is  (§  120),  and,  therefore,  it  is 
essentially  a  spasmodic  inspiration.  As  speech  depends  upon  the  expiratory  blast,  the  spasm 
prevents  expiration.  It  may  be  brought  about  by  mental  excitement  or  emotional  conditions. 
Hence,  the  treatment  of  stammering  is  to  regulate  the  respirations.  In  stuttering,  which  is 
defective  speech  due  to  inability  to  form  the  proper  sounds,  the  breathing  is  normal.] 

320.  COMPARATIVE— HISTOEICAL.— Speech  may  be  classified  with  the  "expression  of 
the  emotions "  {Daricin).  Psychical  excitement  causes  in  man  characteristic  movements,  in 
whicli  certain  groups  of  muscles  are  always  concerned,  e.cj.,  laughing,  weeping,  the  facial  ex- 
pression in  anger,  pain,  shame,  &c.  These  movements  afford  a  means  whereby  one  creature  can 
communicate  with  another.  Primarily  in  their  origin,  the  movements  of  expression  are  reflex 
motor  phenomena  ;  when  they  are  produced  for  purposes  of  explanation,  they  are  voluntary 
imitations  of  this  reflex.  Besides  the  emotional  movements,  impressions  upon  the  sense-organs 
produce  characteristic  reflex  movements,  which  may  be  used  for  purposes  of  expression  {Geicjcr), 
e.g.,  stroking  or  painful  stimulation  of  the  skin,  movements  after  smelling  i)leasant  or  unpleasant 
or  disagreeable  odours,  the  action  of  sound  and  light,  and  the  perception  of  all  kinds  of  objects. 

The  expression  of  the  emotions  occurs  in  its  simplest  form  in  what  is  known  as  expression  by 
means  of  signs  or  pantomime  or  mimicry.  Another  means  is  the  imitation  of  sounds  by  the 
organ  of  speech,  constituting  onamatopoesy,  e.g.,  the  hissing  of  a  stream,  the  roll  of  thunder, 
the  tumult  of  a  storm,  whistling,  &c.  The  expression  of  speech  is,  of  course,  dependent  upon 
the  process  of  ideation  and  perception. 

The  occurrence  of  different  sounds  in  different  languages  is  very  interesting.  Some  languages 
{e.g.,  of  the  Huronsj  have  no  labials;  in  some  South  Sea  Lslands,  no  laryngeal  sounds  are 
spoken  ;  /  is  absent  in  Sanscrit  and  Finnish  ;  the  short  c,  0,  and  the  soft  .sibilants  in  Sanscrit  ; 
d,  in  Chinese  and  Mexican  ;  s,  in  many  Polynesian  languages  ;  r,  in  Chinese,  &c. 

"Voice  in  Animals. — Animals,  more  especially  the  higher  forms,  can  express  their  emotions 
by  facial  and  other  gestures.  The  vocal  organs  of  mammals  are  essentially  the  same  as  those 
of  man.  Special  resonance  organs  occur  in  the  orang-outang,  mandril,  inacacus,  and  mycetes 
monkeys,  in  the  form  of  large  cheek  pouches,  which  can  be  inflated  with  air,  and  open  between 
the  larynx  and  the  hyoid  bone. 
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Birds  liavc  an  upper  (larynx)  and  a  lower  larynx  (syrinx)  ;  the  latter  is  placed  at  the 
bifurcation  ol"  the  trachea,  and  is  the  true  vocal  organ.  Two  folds  of  mucous  membrane  (three 
in  siu"in"  birds)  project  into  each  bronchus,  and  are  rendered  tense  by  muscles,  and  are  thus 
adapted  to  serve  for  the  production  of  voice. 

Amongst  reptiles,  the  tortoises  produce  merely  a  sniffing  sound,  wliich  in  the  Emys  has  a 
peculiar  piping  cliaracter.  Tlie  blind  snakes  are  voiceless,  the  chameleon  and  the  lizards  have 
a  very  feeble  voice ;  the  cayman  and  crocodile  emit  a  feeble  roaring  sound,  which  is  lost  in 
some  adults  owing  to  changes  in  the  larynx.  The  snakes  have  no  special  vocal  organs,  but  by 
forcing  out  air  from  their  capacious  lung,  they  make  a  peculiar  hissing  sound,  which  in  some 
species  is  loud.  Amongst  amphibians,  the  frog  has  a  larynx  provided  with  muscles.  The 
sound  emitted  without  any  muscular  action  is  a  deep  intermittent  tone,  while  more  forcible 
expiration,  with  contraction  of  the  laryngeal  constrictors,  causes  a  clearer  continuous  sound. 
The  male,  in  liana  esculenta,  has  at  each  side  of  tlie  angle  of  the  mouth  a  sound-bag,  which 
can  be  inflated  with  air  and  acts  as  a  resonance  chamber.  The  "croaking"  of  the  male  frog  is 
quite  charactcri-stic.  In  Pipa,  the  larynx  is  provided  with  two  cartilaginous  rods,  which  are 
thrown  into  vibration  by  the  blast  of  air,  and  act  like  vibratiug  rods  or  the  limbs  of  a  tuning- 
fork.  Some  fishes  emit  sounds,  either  by  rubbing  together  the  upper  and  lower  pharyngeal 
bones,  or  by  the  expulsion  of  air  from  the  swimming  bladder,  mouth,  or  anus. 

Some  insects  cause  sounds  partly  by  forcing  the  expired  air  through  tlieir  stigmata  provided 
with,  muscular  reeds,  which  are  thus  thrown  into  vibration  (bees  and  many  diptera).  The 
wings,  owing  to  the  rapid  contraction  of  their  muscles,  may  also  cause  sounds  (flies,  cockroach, 
bees).  The  Sphinx  atropos  (death-head  moth)  forces  air  from  its  sucking  stomach.  In  others, 
sounds  are  produced  by  rubbing  their  legs  on  the  wing-cases  (Acridiura),  or  the  wing-cases  on 
each  other  (Gryllus,  locust),  or  on  the  thorax  (Cerambyx),  on  the  leg  (Gcotrupes),  on  the  abdomen 
or  the  margin  of  the  wing  (Nekrophorus).  In  Cicadacife,  membranes  are  pulled  upon  by 
muscles,  and  are  thus  caused  to  vibrate.  Friction  sounds  are  produced  between  the  cephalo- 
thorax  and  the  abdomen  in  some  spiders  (Theridium),  and  in  some  crabs  (Palinurus).  Some 
mollusca  (Pecten)  emit  a  sound  on  separating  their  shells. 

Historical. — The  Hippocratic  School  was  aware  of  tlie  fact  that  division  of  the  trachea 
abolished  the  voice,  and  that  the  epiglottis  prevented  the  entrance  of  food  into  the  larynx. 
Aristotle  made  numerous  observations  on  the  voice  of  animals.  The  true  cause  of  the  voice 
escaped  him  as  well  as  Galen.  Galen  observed  complete  loss  of  voice  after  double  pneumo- 
thorax, after  sectioii  of  the  intercostal  muscles  or  their  nerves,  as  well  as  after  destruction  of 
part  of  tlie  spinal  cord,  even  altliough  the  diaphragm  still  contracted.  He  gave  the  cartilages 
of  the  larynx  the  names  that  still  distinguish  them  ;  he  knew  some  of  the  lai'yngeal  muscles, 
and  asserted  that  voice  was  produced  only  when  the  glottis  was  narrowed.  He  compared  the 
larynx  to  a  flute.  The  weakening  of  the  voice,  in  feeble  conditions,  especially  after  loss  of 
blood,  was  known  to  the  ancients.  Dodart  (1700)  was  the  first  to  explain  voice  as  due  to  the 
vibration  of  the  vocal  cords  by  the  air  passing  between  them. 

The  production  of  vocal  sounds  attracted  much  attention  amongst  the  ancient  Asiatics  and 
Arabians — less  amongst  the  Greeks.  Pietro  Ponce  (t  1584)  was  the  first  to  advocate  instruction 
in  the  art  of  speaking  in  cases  of  dumbness.  Bacon  (1638)  studied  the  shape  of  the  mouth  for 
the  pronunciation  of  the  various  sounds.  Kratzenstein  (1781)  made  an  artificial  apparatus  for 
the  production  of  vowel  sounds,  by  placing  resonators  of  various  forms  over  vibrating  reeds. 
Von  Kempelen  (1769  to  1791)  constructed  the  first  speaking-machine.  Rob.  Willis  (1828) 
found  that  an  elastic  vibrating  spring  gives  the  vowels  in  the  series — U,  0,  A,  E,  I — according 
to  the  depth  or  height  of  its  tone  ;  further,  that  by  lengthening  or  shortening  an  artificial 
resonator  on  an  artificial  vocal  apparatus,  the  vowels  may  be  obtained  in  the  same  series.  The 
newest  and  most  important  investigations  on  speech  are  by  Wheatstone,  v.  Helmholtz,  Bonders, 
Briicke,  &c.,  and  are  mentioned  in  the  context.  Heusen  succeeded  in  sliowing  exactly  the 
pitch  of  vocal  tone,  thus : — The  tone  is  sung  against  a  KLinig's  capsule  with  a  gas  Hame. 
Opposite  the  flame  is  placed  a  tuning-fork  vibrating  horizontally,  and  in  front  of  one  of  its 
limbs  is  a  mirror,  in  which  the  image  of  the  fiame  is  reflected.  AVhen  the  vocal  tone  is  of  the 
same  number  of  vibrations  as  the  tuning-fork,  the  flame  in  the  mirror  shows  one  elevation,  if 
double,  i.e.,  the  octave,  2,  and  with  the  double  octave,  4  elevations. 


General  Physiology  of  the  Nerves  and 
Electro-Physiology. 


321.  STRUCTURE  OF  THE  NERVE  ELEMENTS.— The  nervous  elements 

present  two  distinct  forms  : — 

I.  Nerve-Fibres.  {  f  11.  Nerve-Cells.  {  ™ZcS.^ 

An  aggregation  of  nerve-cells  constitutes  a  nerve-ganglion.  Thejibres  represent 
a  conducting  apparatus,  and  serve  to  place  the  central  nervous  organs  in  connection 
with  peripheral  end-organs.  The  nerve-cells,  however,  besides  transmitting  impulses, 
act  as  j)hysiological  centres  for  automatic  or  reflex  movements,  and  also  for  the 
sensor}',  perceptive,  trophic,  and  secretory  functions. 

I.  (1)  The  non-meduUated  nerve-fibres  occur  in  several  forms  : — 

1.  Primitive  Fibrils. — The  simplest  form  of  nerve-fibre,  which  is  visible  with  a  magnifying 
power  of  500  to  800  diameters  linear,  consists  of  primitive  nerve-fibrils.  They  are  very  delicate 
fibres  (fig.  368,  1),  often  with  small  varicose  swellings  here  and  there  in  their  course,  which, 
however,  are  due  to  changes  ^os^-?)ior<c'rti.  Thej'  are  stained  of  a  brown  or  purplish  colour  bj'  the 
gold-chloride  method,  and  they  occur  when  a  nerve-fibre  is  near  its  termination,  being  formed 
by  the  splitting  up  of  the  axis-C3iinder  of  the  nerve-fibre,  c.cj. ,  in  the  terminations  of  the  corneal 
nerves,  the  optic  nerve-layer  in  the  retina,  the  terminations  of  the  olfactory  fibres,  and  in  a  plexi- 
form  arrangement  in  non-striped  muscle  (p.  461).  Sinnlar  fine  fibrils  occur  in  the  grey  matter 
of  the  brain  and  spinal  cord,  and  in  the  finely  divided  processes  of  nerve-cells. 

2.  Naked  or  simple  axial  cylinders  (fig.  368,  2),  which  represent  bundles  of  primitive  fibrils 
held  together  by  a  slightly  granular  cement,  so  that  they  exhibit  very  delicate  longitudinal 
striation  with  fine  granules  scattered  in  their  course.  The  best  example  is  the  axial  cylinder 
process  of  nerve-cells  (fig.  368,  I,  s).  [The  thickness  of  the  axis-cylinder  depends  upon  the 
number  of  fibrils  entering  into  its  composition.] 

3.  Axis-cylinders  surrounded  with  Schwann's  sheath,  or  Remak's  fibres  (3  8  to  6"8  fj.  broad), 
the  latter  name  being  given  to  them  from  tlieir  discoverer  (fig.  368,  3).  [These  fibres  are  also 
called  ^jaZc  or  non-medullated,  and  from  their  abundance  in  the  sympathetic  nervous  system, 
sympathetic.']  They  consist  of  a  sheath,  corresponding  to  Schwann's  sheath  [neurilemma,  or 
primitive  sheath,  which  encloses  an  axial  cylinder;  while  lying  here  and  there  under  the  sheath, 
and  between  it  and  the  axial  cylinder  are  nerve-corpuscles.  These  fibres  are  always  fibrillated 
longitudinally].  The  sheath  is  delicate,  structureless,  and  clastic.  Dilute  acids  clear  the 
fibres  without  causing  them  to  swell  up,  while  gold  chloride  makes  them  brownish-red,  Tliey 
are  widely  distributed  in  the  sympathetic  nerves,  [e.g.,  splenic],  and  in  the  branches  of  the 
olfactory  nerves.  All  nerves  in  the  embryo,  as  well  as  the  nerves  of  many  invertebrata,  are  of 
this  kind,  [According  to  Ranvier,  these  fibres  do  not  possess  a  sheath,  but  the  nuclei  are 
merely  applied  to  the  surface,  or  sliglitly  embedded  in  the  superficial  parts  of  the  fibre,  so  that 
they  belong  to  the  fibre  itself.  These  fibres  also  branch  and  form  an  anastomosing  net-work 
(fig,  370).  This  the  meduUated  fibres  never  do.  These  fibres,  when  acted  on  by  silver  nitrate, 
never  show  any  crosses.  The  branched  forms  occur  in  the  ordinary  nerves  of  distribution,  and 
they  are  numerous  in  the  vagus,  but  the  olfactory  nerves  have  a  distinct  sheath  which  is 
nucleated.] 

(2)  MeduUated  fibres  occur  also  in  several  forms : — 

4.  Axis-cylinders,  or  nerve-fibrils,  covered  only  by  a  medullary  sheath,  or  white  substance 
of  Schwann,  are  met  with  in  the  white  and  grey  matter  of  the  central  nervous  system,  in  the 
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^bSVK  and  the  axi^s-eyliude.].    Hence  tt>ey  are  ^^  ^^^^^^^^^^^^^^ 

^'S^  iMJag  o^S^l^Silo?^^^^  a.^^  there 

nf  noiroi  R^vier.     When  acted  upon  by  coagulating  reagents,  e.g.,  chromic  acul,  the 


1, 


Fig.  368, 

Primitive  fibrillje  ;  2,  axis-cylinder  ;  3,  Eemak's  fibres  ;  4,  meduUated  varicose  fibre  ;  5,  6, 
medullated  fibre,  with  Schwann's  sheath;  c,  neiirilemma  ;  t,  t,  Ranvier's  nodes  ;  1),  white 
substance  of  Schwann  ;  d,  cells  of  the  endoneurium  ;  a,  axis-cylinder  ;  x-,"  myelin  drops  ; 
7  transverse  section  of  nerve-fibres  ;  8,  nerve-fibre  acted  on  with  silver  nitrate  and  show- 
ing Fromann's  lines.  I,  multipolar  nerve-cell  from  the  spinal  cord  ;  s,  axial  cylinder 
process  ;  y,  protoplasmic  processes — to  the  right  of  it  a  bipolar  cell.  II,  peripheral 
ganglionic  cell,  with  a  connective-tissue  capsule.  Ill,  ganglionic  cell,  with  o,  a  spiral, 
and  n,  straight  process  ;  vi,  sheath. 

medullary  sheath  appears  laminated,  so  that  on  transverse  section,  when  the  axis-cylinder  is 
stained,  it  is  surrounded  by  concentric  circles  (fig.  369). 

5.  Medullated  Nerve-Fibres  with  Schwann's  Sheath  (fig.  368,  5,  6).— These  are  the  most 
complex  nerve-fibres,  and  are  10  to  22-6  (j.  [ttW  to  ^Vrr  inch]  broad.  They  are  most 
numerous  in,  and  in  fact  they  make  up  the  great  mass  of,  the  cerebro-spinal  nerves,  although 
they  are  also  present  in  the  sympathetic  nerves.  [When  examined  in  the  fresh  and  living  con- 
dition in  sitit,  they  appear  refractive  and  homogeneous  {PMuvier,  Stirling);  but  if  acted  upon 
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by  reagents,  they  are  not  only  refractive,  but  exhibit  a  double  contour,  the  margins 

and  well  defined.]    Each  fibre  consists  of  

[1.  Schwann's  sheath,  neurilenuna,  or  primitive  slieath  ; 

2.  White  substance  of  Schwann,  medullary  sheath,  or  myelin ; 

3.  Axis-cylinder  composed  of  fibrils  and  surrounded  bv  a  sheath 
called  the  axilemnia ; 

4.  Nerve-corpuscles.  ] 

A.  The  axis-cylinder,  which  occupies  i  to  i  of  the  breadth  of  the 
fibre,  IS  the  essential  part  of  the  nerve,  and  lies  in  tlie  centre  of  the 
fibre  like  the  wick  in  the  centre  of  a  candle  (fig.  368,  6,  a).  Its 
usual  shape  is  cylindrical,  but  sometimes  it  is  flattened  or  placed 
eccentrically— [this  is  most  probably  due  to  tlie  hardening  process 
emploj'ed].    It  is  composed  of  fibrils 
[united  by  cement  or  stroma;  they  ^ 
become  more  obvious  near  the  termi- 
nations of  the  nerve,  or  after  the  action 
of  reagents,  which  sometimes  cause 
the  fibrils  to  appear  beaded.     It  is 
quite  transparent,  and  stains  deeply 
with  carmine  or  logwood],  while  dur- 
ing life,  its  consistence  is  semi-fluid. 
According  to  Kuptt'er,  a  fluid — "neuro- 
plasma" — lies    between    the  fibrils 
[while,  according  to  other  observers, 
the  whole  cylinder  is  enclosed  in  an 
elastic  sheath  peculiar  to  itself  and 
composed    of   neuro-keratin.  This 
sheath  is  called  by  Kiihne,  the  axi- 
lemma.   Each  axis-cylinder  is  an  enor- 
mously long  process  of  a  ganglionic 
cell]. 

Fromann's  Lines. — Chloroform  and 
collodion  render  it  visible,  while  it  is 
most  easily  isolated  as  a  solid  rod,  by 
the  action  of  nitric  acid  with  excess 
of  potassium  chlorate.  When  acted 
on  by  silver  nitrate,  Fromann  observed 
transverse  markings  on  it,  but  their 
significance  is  unknown  (fig.  36S,  8). 

B.  The  white  substance  of  Schwann, 
medullary  sheath  or  myelin,  surrounds 
the  axis-cylinder,  like  an  insulating 
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Fig.  371. 

369. — Transverse  section  of  the  nerve-fibres  of  the  sjiinal  cord,  the  axis-cylinders  like  dots 
surrounded  by  a  clear  space  (myelin).  Fig.  370. — Remak's  fibre  from  vagus  of  dog. 
b,  fibrils;  n,  nucleus;  p,  protoplasm  surrounding  it.  Fig.  371. — MeduUated  nerve-fibre  of 
a  rabbit  acted  on  by  osmic  acid,  x  400. 

medium  around  an  electric  wire.  In  the  perfectly  fresh  condition  it  is  ([uite  homogeneous, 
highly  glistening,  bright,  and  refractive  ;  its  consistence  is  fluid,  so  that  it  oozes  out  of  the 
cut  ends  of  the  fibres  in  spherical  drops  (fig.  368,  x),  [myelin  drops,  which  are  always  marked 
bv  concentric  lines,  are  highly  refractive,  and  best  seen  when  a  fresh  nerve  is  teased  in  salt 
solution].    After  death,  or  after  the  action  of  reagents,  it  shrinks  slightly  from  the  sheath,  so 
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that  the  Hbres  have  a  double  contour,  while  the  substance  itself  breaks  up  into  smaller  or  larger 
droplets  due  not  to  coagulation  {Pcrtik),  but,  according  to  Toldt,  to  a  process  like  emulsifica- 
tion  the  drops  pressing  against  each  other.  Thus,  the  fibre  is  broken  up  into  masses,  so  that 
it  h'as  a  characteristic  appearance  (fig.  368,  6).  It  contains  a  large  amount  of  cerebnn  and 
lecilhin,  which  swell  up  to  form  myeliu-like  forms  in  warm 
water.  It  also  contains  fatty  matter,  so  that  these  hbres  are 
blackened  l)y  osmic  acid,  [while  boiling  ether  extracts  cholesterin 
from  them].  Chloroform,  ether,  and  benzin,  by  dissolving  the 
fatty  and  some  other  constituents  of  the  fibres,  make  them  very 
transparent.  [Some  observers  describe  a  fluid  lying  between  the 
medulla  and  the  axis-cylinder.] 

C.  The  Sheath  of  Schwann,  or  the  neurilemma,  lies  imme- 
diately outside  of  and  invests  the  white  sheath  (fig.  368,  6,  c), 
and  is  a  delicate  structureless  membrane,  comparable  to  the 
sarcolemma  of  a  muscular  fibre. 

D.  Nerve-Corpuscles. — At  fairly  wide  intervals  under  the 
neurilemma,  and  lying  in  depressions  between  it  and  the 
medullary  sheath,  are  the  nucleated  ncrvc-corpuscles,  which  are 
readily  stained  by  pigments  (fig.  371).  [They  may  be  compared 
to  the  muscle-corpuscles,  the  nuclei  being  surrounded  by  a  small 
amount  of  protoplasm  which  sometimes  contains  pigment.  They 
are  not  so  numerous  as  in  muscle.]  [Adamkiewicz  describes 
nerve-corpuscles,  or  "demilunes"  under  the  neurilemma,  quite 
distinct  from  the  ordinary  nerve-corpuscles.  They  are  stained 
yellow  by  safranin,  while  the  ordinary  nerve-corpuscles  are 

stained  by  methylanilin.] 
l|ri,,:i  l  jji  Ranvier's  Nodes  or  Constrictions. — Theneuri- 
,|  BJim,  lemma  forms  in  broad  hbres  at  longer,  and 
in  narrower  ones  at  shorter  intervals,  the  nodes 
or  constrictions  of  Ranvicr  (fig.  368,  6,  t,  t; 
fig.  371 ;  fig.  372,  fs).  They  are  constrictions 
which  occur  at  regular  intervals  along  a  nerve- 
fibre  ;  at  them  the  white  substance  of  Schwann 
is  interrupted,  so  that  the  sheath  of  Schwann 
lies  upon  the  axis-cylinder  [or  its  elastic  sheath] 
at  the  nodes.  The  part  of  the  nerve  lying 
between  any  two  nodes  is  called  an  intcr- 
annular  or  inter-nodal  segment,  and  each  such 
segment  contains  one  or  more  nuclei,  .so  that 
some  observers  look  upon  the  whole 
as  equivalent  to  one  cell. 

The  function  of  the  nodes  seems  to  be  to 
permit  the  diffusion  of  plasma  through  the  outer 
sheath  into  the  axis-cylinder,  while  the  decom- 
position-products are  similarly  given  off.  [A 
colouring-matter  like  picro-carraine  diffuses  into 
the  fibre  only  at  the  nodes,  and  stains  the 
axis-cylinder  red,  although  it  does  not  diffuse 
through  the  white  substance  of  Schwann. 

Incisures  (of  Schmidt  and  Lauterinann).— 
Each  intcrannular  segment  in  a  stretched  nerve 
shows,  running  across  the  white  substance,  a 
number  of  oblique  lines,  which  are  called 
incisures  (tigs.  372,  373).  They  indicate  that 
the  segment  is  built  up  of  a  series  of  conical 
sections,  each  of  M'hich  is  bevelled  at  its  ends, 
and  the  bevels  are  arranged  in  an  imbricate 
manner,  the  one  over  the  other,  while  the  slight 
interval  between  them  appears  as  an  incisure. 
Each  such  section  of  the  white  matter  is  called 


segment 


372. 

M  e  d  u  1 1  a  t  e  d 
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Ranvier  s  node; . 
sell,  Schwann's 
sheath. 


Fig.  373. 

Medullated  nerve-fibres  with 
osmic  acid,  a,  axis-cylinder; 
s,  .sheath  of  Schwann;  n, 
nucleus  ;  p,  granular  sub- 
stance at  the  poles  of  the 
nucleus;  r,  r,  Ranvier's 
nodes  where  the  medullary- 
sheath  is  interrupted  and 
the  axis-cylinder  appears  ; 
i,  i,  incisures  of  Schmidt. 


a  cylinder  cone  [Kulint). 
Neuro-Keratin  Sheath.— According  to  Ewald  and  Kiihne,  the  axis-cylinder  as  well  as  the 
white  substance  of  Schwann,  is  covered  with  an  excessively  delicate  sheath,  consistincr  of  neuro- 
keratin, and  the  two  sheaths  are  connected  by  numerous  transverse  and  oblique  fibril«  which 
permeate  the  white  substance.    [The  myelin  seems  to  lie  in  the  interstices  of  this  mesli'-'work  1 

Myelin. -If  a  nerve  be  hardened  in  anivionium  chromate  (or  picric 
ncid),  M'Carthy  has  shown  that  the  myelin  exhibits  rod-like  structures 


radiating 


picri 
from  the 
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axis-cyliiuler  outwarJs,  which  are  stained  with  logwood  and  carmine.  The  rods  are  probably 
not  distinct  from  each  other,  but  are  perhaps  part  of  the  neuro-keratin  network  already 
described.] 

Action  of  Nitrate  of  Silver.— When  a  small  nerve,  e.g.,  the  intercostal  nerve  of  a  mouse,  is 
acted  on  by  silver  nitrate,  it  is  seen  to  be  covered  by  an  endothelial  sheath  composed  of  llattened 
endothelial  cells  (tig.  374),  while  the  nerve-fibres  themselves  exhibit  crosses  along  their  course. 
These  crosses  are  due  to  the  penetration  of  the  silver  solution 
at  the  nodes,  where  it  stains  the  cement-substance  and  also 
part  of  the  axis-cylinder,  so  that  the  latter  sometunes  exhibits 
transverse  markings  called  Fromann's  lines  (tig.  368,  8).] 

[New  Methods.— Much  progress  has  recently  been  made 
in  tracing  the  course  of  medulhited  nerve-tibres  by  the  action 
of  new  staining  reagents;  thus  acid  fuchsin  stains  the  myelin 
deeply,  leaving  the  other  parts  unstained,  at  least  it  can  be 
so  manipulated  as  to  yield  this  result.  Weigert's  Method 
and  its  modifications  have  yielded  most  important  results, 
and  proved  that  meduUated  nerve-fibres  exist  in  many  parts 
of  the  central  nervous  system  where  they  cannot  be  seen  in 
the  ordinary  way.  The  nerve-tissue  is  hardened  in  a  solu- 
tion of  a  chromium  salt,  and  placed  in  a  half-saturated 
solution  of  cupric  acetate  ;  it  is  then  stained  with  logwood, 
and  afterwards  the  elements  are  differentiated  by  steeping 
the  sections  in  a  solution  of  ferricyanide  of  potash  and 
borax.    The  myelin  is  coloured  a  logwood  tint.] 

In  the  spinal  nerves,  those  fibres  are  thickest  which  have 
the  longest  course  before  they  reach  their  end-organ 
{Sclnoalbe),  while  those  ganglion-cells  are  largest  which 
send  out  the  longest  nerve-fibres  {Picrret).  [Gaskell  finds 
that  the  longest  nerves  are  not  necessarily  the  thickest,  for 
the  visceral  nerves  in  the  vagus  are  small  nerves,  and  yet 
run  a  very  long  course.] 

Division  of  Nerves. — Nerve-fibres  run  in  the  nerve-trunks 
vvithout  dividing;  but  when  they  approach  their  termination 
they  often  divide  dichotomously  [at  a  node],  giving  rise  to 
two  similar  fibres,  but  there  may  be  several  branches  at  a 
node  (tig.  376,  t).    [The  divisions  are  numerous  in  motoi 
nerves  to  striped  muscles.]  In 
is  a  great  accumula- 
tion    of  Schwann's 
sheaths  round  a  nerve, 
so  that  a  nerve-fibre 
is  as  thick  as  a  sew- 
ing-needle.    Such  a 
fibre,  when  it  divides, 
breaks    up    into  a 
bundle     of  smaller 
fibres. 

[Nerve-Sheaths.  — 
A  nerve-trunk  con- 
sists of  Imndlcs  of 
nerve  -  fibres.  The 
bundles  are  held  to- 
gether by  a  common 
connective  -  tissue 
sheath  (fig.  375, 
th  e  epineuriiun  which 
contains  the  largei 
blood-vessels,  lymph- 
atics, and  sometimes 
fat  and  plasma  cells. 
Each  bundle  is  sur- 
rounded with  its  own 
sheath  or  perineu- 
rium (pe),  which  con- 
sists of  lamellated  ,  ,  n  11  v  1  1 
connective-tissue  disposed  circularlj',  and  between  the  lamellaj  are  lymph  spaces  lined  by 
flattened  endothelial  plates.    These  lymph  spaces  may  be  injected  from  and  communicate  with 

2  L 


are  small  nerves,  ana  yec  pjo.  3^^^ 

Intercostal  nerve  of  a  mouse  (single 
fasciculus  of  nerve-fibres)  stained 
with  silver  nitrate.  Endothelial 
sheath  stained,  and  some  nodes 
of  Ranvier  indicated  by  crosses. 

the  electrical  nerves  of  the  malapterurus  and  gymnotus,  there 


Fig.  375. 

Trans,  section  of  a  nerve  (median),    cp,  epineurium 

ed,  endoneurium. 


]ye,  penneunum 
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tlie  Ivinphatics  (Axel  Key  and  Retzitis).]  The  nerve-fibres  witlnn  any  bundle  are  lieUl  togetliei 
bv  delicate  connective-tissue,  wliich  i)enetrates  between  the  adjoining  Hbres,  constituting  the 
It  consists  of  delicate  fibtes  with  branched  connective-tissue  corpuscles 


endoneuriiun  (cd).        —  -  , 

(tig.  368,  t),  d),  and  in  it  lie  the  capillaries,  which  are  not  very  numerous,  and  are  arranged  to 

form  elongated  open  ineshes.  ,         ,  ,  n 

[Henle's  Sheath.— When  a  nerve  is  traced  to  its  distribution,  it  branches  and  becomes  smaller, 
until  it  may  consist  only  of  a  few  bundles  or  even  a  single  bundle  of  nerve-fibres.  As  the  bundle 
branches,  it  has  to  give  otf  part  of  its  lamellated  sheath  or  perineurium  to  each  branch,  so  that, 
as  we  pass  to  the  periphery,  the  smaller  bundles  are  surrounded  by  few  lamellai.  In  a  bundle 
containing  only  a  few  fibres,  this  sheath  may  be  much  reduced,  or  may  consist  only  of  thin, 
flattened,  connective-tissue  corpuscles  with  a  few  fibres.  A  sheath  surrounding  a  few  nerve- 
fibres  is  called  Reidc'a  Sheath  by  Ranvier.] 

[Nervi  Nervorum. —Marshall  and  v.  Horsley  have  shown  that  the  nerve-sheaths  are  provided 
with  special  nerve-fibres,  in  virtue  of  which  they  are  endowed  with  sensibility.] 

Development.— At  first  nerve-fibres  consist  only  of  fibrils,  i.e.,  of  axis-cylinders,  which 
become  covered  with  connective  substance,  and  ultimately  the  white  substance  of  Schwann  is 

developed  in  some  of  them.  The  growth  in  length  of  the 
fibres  takes  place  by  elongation  of  the  individual  "inter- 
annular  "  segments,  and  also  by  the  new  formation  of  these 
( Vigncd). 

li.  Ganglionic  or  Nerve-Cells. —1 .  Multipolarnei-ve-ceUs 

(fig.  368,  I)  occur  partly  as  large  cells  (100  ju),  and  are  visible 
to  the  unaided  eye  as  in  the  anterior  horn  of  the  spinal  cord, 
and  in  a  ditt'erent  form  in  the  cerebellum,  and  partly  in  a 
smaller  form  (20  to  10  /x)  in  the  posterior  horns  of  the  spinal 
cord,  many  parts  of  the  cerebrum  and  cerebellum,  and  in  the 
retina.  They  may  be  spherical,  ovoid,  pyramidal  [cerebrum], 
[lear-  or  flask-shaped  [cerebellum],  and  are  provided  with 
numerous  branched  processes  which  give  the  cells  a  char- 
acteristic appearance.  [Deiters  isolated  such  cells  from  the 
anterior  horn  of  the  grey  matter  of  the  spinal  cord,  so  that 
this  special  form  of  cell  is  sometimes  called  "Deiters'  cell" 
(fig.  368,  I).]  They  are  devoid  of  a  cell  envelope,  are  of  soft 
consistence,  and  exhibit  a  fibrillated  structure,  which  may 
fxteiid  even  into  the  processes.  Fine  granules  lie  scattered 
throughout  the  cell-substance  between  the  fibrils.  Not  unfre- 
quently  yellow  or  brown  granules  of  pigment  are  also  found, 
either  collected  at  certain  parts  in  the  cell  or  scattered  through- 
out it.  The  relatively  large  nucleus  consists  of  a  clear  envelope 
enclosing  a  resistant  substance.  It  does  not  appear  to  have 
a  membrane  in  youth  {ScMmlbc).  "Within  the  nucleus  lies  the 
nucleolus,  which  in  the  recent  condition  is  angular,  provided 
with  processes  and  capable  of  motion,  but  after  death  is  highly 
refractive  and  spherical.  There  is  always  one  unbranched 
process,  constituting  the  axial  cylinder  process  (I,  which 
remains  unbranched,  but  it  soon  becomes  covered  with  the 
white  substance  of  Schwann,  and  the  other  sheaths  of  a 
mcdullated  nerve,  so  that  it  becomes  the  axial  cylinder  of  a 
nerve-fibre.  [Thus  a  nerve-fibre  is  merely  an  excessively  long, 
r.nbranched  process  of  a  nerve-cell  pushed  outwards  towards 
the  periphery. ]  It  is  not  definitely  ascertained  that  the  cerebral 
cells  have  such  processes.  All  the  other  processes  divide  very 
frequently  until  they  form  a  branched,  root-like,  complex 
arrangement  of  the  finest  primitive  fibrils.  These  are  called 
,,.      -  protoplasmic  processes  (I,  y).    By  means  of  these  processes, 

n  r       ,  T      adjoining  cells  are  brought  into  communication  with  each 

Cell  from  the  Gasseriaii  ganglion,  other,  so  that  impulses  can  be  conducted  from  one  cell  to 
n,  nuclei  of  the  slieatli;  i,  fibre  another.    Further,  many  of  these  fibrils  approximate  to  each 
dividing  at  a  node  of  Ranvier.  other  and  join  together  to  form  axis-cylinders  of  other  nerve- 
fibres.    [V.  Thanhofl'er  states  that  he  has  traced  the  axis-cylinder  process  to  the  nucleus  and 
nucleolus.] 

2.  Bipolar  cells  are  best  developed  in  fishes,  e.g.,  in  the  spinal  ganglia  of  the  skate,  and  in 
the  Gasserian  ganglion  of  the  pike.  They  appear  to  be  nucleated,  fusiform  enlargements  of 
the  axis-cylinder  (fig.  368,  on  the  right  of  I).  The  white  substance  often  stops  short  on  each 
side  of  the  enlargement,  but  sometimes  the  white  substance  and  the  sheath  of  Schwann  pass 
over  the  enlargement. 

3.  Nerve-cells  with  connective-tissue  capsules  occur 


in  the  peri[iheral 


ganglia  of 


man  (fig. 
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368,  II),  e.g.,  in  the  spinal  ganglia.  The  soft  body  of  the  cell,  wliieh  is  i>roviaed  with  several 
processes,  is  covered  hy  a  thick,  tough  capsule  composed  of  several  layers  of  connective-tissue 
corpuscles  ;  while  the  inner  surface  of  the  composite  capsule  is  lined  by  a  layer  of  delicate 
endothelial  cells  (fig.  376).  The  body  of  the  cells  in  the  spinal  ganglia  is  traversed  by  a  net- 
work of  fine  fibrils  {Fleniming).    The  capsule  is  continuous  with  the  sheath  of  the  nerve-fibre. 

Rawitz  and  G.  Retzius  find  that  the  cells  of  tlie  spinal  ganglia  are  unipolar,  the  outgoing 
fibre  taking  a  half-turn  within  the  ca])sule  before  it  leaves  the  cell  (fig.  376).  Retzius  [and 
Ranvier]  observed  the  process  to  divide  like  a  T-  Perhaps  this  division  corresponds  to  the 
two  processes  of  a  bipolar  cell  The  jugular  ganglion  and  plexus  gangliiformis  vagi  in  man 
contain  only  unipolar  cells,  so  that,  in  this  respect,  they  may  be  compared  to  spinal  ganglia. 
The  same  is  the  case  in  the  Gasserian  ganglion ;  while  the  ciliary,  spheno  palatine,  otic,  and 
submaxillary  ganglia  structurally  resemble  the  ganglia  of  the  svmpathetic. 

4.  Ganglionic  ceUs  with  spiral  fibres  occur  chietly  in  the  abdominal  sympathetic  of  the  frog 
{ilmle,  J.  Arnold).  The  body  of  the  cell  is  usually  pyriform  in  shape,  and  from  it  proceeds  a 
straight  unbranched  process  (fig.  368,  III,  n),  which  ultimately  becomes  the  axis-cylinder  of  a 
nerve.  A  spiral  fibre  springs  from  the  cell  (?  a  network),  emerges  from  it,  and  curves  in  a 
spiral  direction  round  the  former  (0).  The  whole  cell  is  surrounded  by  a  nucleated  capsule  {in). 
AVe  know  nothing  of  the  significance  of  the  different  fibres. 

322.  CHEMICAL  AND  MECHANICAL  PROPERTIES  OF  NERVOUS 
SUBSTANCE. — 1.  Proteids. — Albumia  occurs  chiefly  in  the  axis-cylinder  and  in 
the  substance  of  the  ganglionic  cells.  Some  of  this  proteid  substance  presents 
characters  not  unlike  those  of  myosin  (§  293).  Dilute  solution  of  common  salt 
extracts  a  proteid  from  nervous  matter,  which  is  precipitated  by  the  addition  of 
much  water  and  also  by  a  concentrated  solution  of  common  salt  {Petroivsky). 
Fotash-albumin  and  a  glohulm-like  substance  are  also  present.  Nuclein  occurs 
especially  in  the  grey  matter  (§  250,  2),  while  neuro-keratin,  a  body  containing 
much  sulphur  and  closely  related  to  keratin,  occurs  in  the  corneous  sheath  of  nerve- 
fibres  (p.  528).  If  grey  nervous  matter  be  subjected  to  artificial  digestion  with 
trypsin,  both  of  these  substances  remain  undigested  [Kuknc  and  Eioald).  Pure 
neuro-keratin  is  obtained  by  treating  the  residue  with  caustic  potash.  The  sheath 
of  Schivann  does  not  yield  gelatin,  but  a  substance  closely  related  to  elastin 
(§  250,  6),  from  which  it  differs,  however,  in  being  more  soluble  in  alkalies.  The 
connective-tissue  of  nerves  yields  gelatin. 

2.  Fats  and  other  allied  substances  soluble  in  ether,  more  especially  in  the  white 
matter  : — (a)  Cerebrin,  free  from  phosphorus  (§  250,  3). 

Cerebrin  is  a  white  powder  composed  of  spherical  granules  soluble  in  hot  alcohol  and  ether, 
but  insoluble  in  cold  water.  It  is  decomposed  at  80°  C,  and  its  solutions  are  neutral.  AVhen 
boiled  for  a  long  time  with  acids,  it  sjjlits  up  into  a  left-rotatory  l)ody  like  sugar,  and  another 
unknown  })roduct.  Preparation. — Rub  up  the  brain  into  a  tliin  fiuid  with  baryta  water. 
Extract  the  separated  coagulum  with  boiling  alcohol.  The  extract  is  frequently  treated  with 
cold  ether  to  remove  the  cholesterin  ( IF.  Miillcr).  Parkus  separated  from  cerebrin  its 
liomologue,  honiocerebrin,  which  is  slightly  more  soluble  in  alcohol,  and  the  clyster-like  body, 
encephalin,  which  is  soluble  in  hot  wat(ir. 

(b)  Lecithin  and  its  decomposition-products — glycero-phosphoric  acid  and  oleo- 
phosphoric  acid  251). 

Neurin  (or  Cholin  =  Cr,Hi5N02)  is  a  strongly  alakaline,  colourless  fluid,  forming  crystalline 
salts  with  acids.  It  is  soluble  in  water  and  alcohol,  and  has  been  formed  synthetically  from 
glycol  and  trimethylamin.    Lecithin  is  a  salt  of  the  base  neurin. 

((•)  Protagon,  which  contains  N  and  P,  is  similar  to  cerebrin,  and  is,  according 
to  its  discoverer,  the  chief  constituent  of  the  brain  (Liebreich). 

According  to  Hoppe-Seylcr  and  Diaconow,  it  is  a  mixture  of  lecithin  and  cerebrin.  [The 
investigations  of  Gamgee  and  Jjlankenhorn  have  shown,  however,  that  jirotagon  is  a  definite 
chemical  body.  Tiiey  find  that,,  instead  of  being  unstable,  it  is  a  very  stable  body.]  It  is  a 
glucoside,  and  crystalline,  and  can  be  extracted  from  the  brain  by  warm  alcohol,  and  when 
boiled  with  baryta  yields  the  decomposition-products  of  lecithin. 

3.  The  following  substances  are  extracted  by  water  :— Xanthin  and  hypoxanthin  (Schcr&r), 
kreatin  (Lcrch),  inosit  {JF.  Miillcr),  ordinary  lactic  acid  {Gschcidl.cn),  acetic  and  formic  acids, 
uric  acid  (?),  and  volatile  fatty  acids  ;  leucin  (in  disease),  urea  (in  ur;T;mia),  and  a  substance 
like  starch  in  the  human  brain  {Jafft).  All  these  substances  are  for  the  most  part  products  of 
the  regressive  metabolism  of  the  tissues. 
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Reaction  — Xervous  substance,  when  passive,  is  neutral  or  feebly  alkaline  in 
reaction,  %^hile  active  (?  and  dead)  it  is  acid  {Ftmhe).  The  grey  matter  of  the 
brain,  when  quite  fresh,  is  alkaline  (Liehreich),  but  death  rapidly  causes  it  to 
become  acid  (GscheidUm). 

Tlie  reaction  of  nerve-fibres  varies  daring  life.  After  introducing  methyl-blue  into  tlie 
body  of  a  livin  ''  animal,  Eluiich  found  that  the  axis-cylinder  became  blue,  i.e.,  in  those  nerves 
which  have  aniilkaline  reaction  (cortex  cerebri,  cardiac,  sensory,  motor  (non-striped),  gustatory 
and  olfactory  fibres),  while  the  tenniuation  of  motor  (voluntary)  nerves  remained  uucolourcd. 
The  latter  he  regards  as  acid. 

The  nerves  after  death  have  a  more  solid  consistence,  so  that  in  all  probability 
some  coagulation  or  change,  comparable  to  the  stiffening  of  muscle,  occurs  in  them 
after  death,  while  at  the  same  time  a  free  acid  is  liberated  (§  295).  If  a  fresh 
brain  be  rapidly  "broiled"  at  100'  C,  it,  like  a  muscle  similarly  treated,  remains 
alkaline  (5^  295). 


Chemical  Composition. 

Grey  Matter. 

White  Slatter. 

Water,  

Solids,  ....... 

The  solids  consist  of — 
Albumins  and  glutin,  .... 

Lecithin,  ...... 

Cholesterin  and  fats,  .... 

Cerebrin,  ...... 

Substances  insoluble  in  ether. 

Salts,  

81  '6  per  cent. 
18-4 

55-4 

17-  2  „ 

18-  7 

0-  5 
6-7 

1-  5  ,, 

68  "4  per  cent. 
31-6 

24-7 

9-9 
52-1 

9-5 

3-3 

0-5 

100-0 

100-0 

In  100  parts  of  ash.  Breed  found  potash  32,  soda  11,  magnesia  2,  lime  0-7,  NaCl  5,  iron 
phosphate  1-2,  fixed  phosplioric  acid  39,  sulphuric  acid  0-1,  silicic  acid  0*4. 

[Ptomaines  (§  166)  are  obtained  from  putrefying  brain.  They  have  an  effect  on  the  motor 
nerves  like  curara,  but  in  much  less  degree,  while  the  phenomena  last  for  a  much  shorter  time 

{Guareschi  and  Mosso).] 


Mechanical  Properties. — One  of  the  most  remarkable  mechanical  properties  of 
nerve-fibres  is  the  absence  of  elastic  tension  according  to  the  varying  positions  of 
the  body.  Divided  nerves  do  not  retract;  such  nerves  exhibit  delicate,  microscopic, 
transverse  folds,  [like  watered  silk]  or  Fontana's  transverse  markings. 

The  cohesion  of  a  nerve  is  very  considerable.  When  a  limb  is  forcibly  torn 
from  the  body,  as  sometimes  happens  from  its  becoming  entangled  in  machinery, 
then  erve  not  unfrequently  remains  unsevered,  while  the  other  soft  parts  are 
ruptured.  [Tillaux  found  that  a  weight  of  110  to  120  lbs.  w^as  required  to  rupture 
the  sciatic  nerve  at  the  popliteal  space,  while  to  break  the  median  or  ulnar  nerve 
of  a  fresh  body,  a  force  equal  to  40  to  50  lbs.  was  required.  The  toughness  and 
elasticity  of  nerves  are  often  well  shown  in  cases  of  injury  or  gun-shot  wounds. 
The  median  or  ulnar  nerve  will  gain  15  to  20  centimetres  (6  to  8  inches)  before 
breaking.  Weir  Mitchell  has  shown  that  a  healthy  nerve  will  bear  a  very  consider- 
able amount  of  pressure  and  handling,  and,  in  fact,  the  method  of  nerve-stretching 
depends  upon  this  property  of  a  nerve-trunk.] 

323.  METABOLISM  OF  NERVES.— Influence  of  Blood-Supply.— We  know 
very  little  regarding  the  metabolic  processes  that  occur  in  nerve-tissue.  Some 
extractives  are  obtained  from  nerve-tissue,  and  they  may,  perhaps,  be  regarded  as 
decomposition-products  (p.  531).  It  has  not  been  proved  satisfactorily  that  during 
the  activity  of  nerves  there  is  an  exchange  of  O  and  CO.,.  That  there  is  an 
exchange  of  materials  within  the  nerves  is  proved  by  the  "fact  that,  after  com- 
pression of  the  blood-vessels  of  the  nerves,  the  excitability  of  the  nerves  falls, 
and  is  restored  again  when  the  circulation  is  re-established.  Compression  of  the 
abdominal  aorta  causes  paralysis  and  numbness  of  the  lower  half  of  the  body, 
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while  occlusion  of  the  cerebral  vessels  causes  almost  instantaneously  cessation  of 
the  cerebral  functions.  The  metabolism  of  the  central  nervous  organs  is  much 
more  active  than  that  of  the  nerves  themselves.  [If  the  abdominal  aorta  of  a 
rabbit  be  conipressed  for  a  few  minutes,  the  hind  limbs  are  quickly  paralysed,  the 
animal  crawls  forward  on  its  fore-legs,  drawing  the  hind  limbs  in  an  extended 
position  after  it.]    The  ganglia  form  much  lymph. 

324.  EXCITABILITY  OF  THE  NERVES— STIMULI.— Nerves  possess  the 
property  of  being  thrown  into  a  state  of  excitement  by  stimuli,  and  are,  therefore, 
said  to  be  excitable  or  irritable.  The  stimuli  may  be  applied  to,  and  may  act 
upon,  any  part  of  the  nerve.  [The  following  are  the  various  kinds  of  stimuli,  i.e., 
modes  of  motion,  which  act  upon  nerves]  ; — 

1.  Mechanical  stimuli  act  upon  nerves  when  they  are  applied  with  sufficient 
rapidity  to^  produce  a  change  in  the  form  of  the  nerve-particles,  e.g.,  a  blow, 
pressure,  pinching,  tension,  puncture,  and  section.  In  the  case  of  sensory  nerves, 
when  they  are  stimulated,  pain  is  produced,  as  is  felt  when  a  limb  "sleeps,"  or 
when  pressure  is  exerted  upon  the  ulnar  nerve  at  the  bend  of  the  elbow.  When  a 
motor  nerve  is  stimulated,  motion  results  in  the  muscle  attached  to  the  nerve.  If 
the  continuity  of  the  nerve-fibres  be  destroyed,  or,  what  is  the  same  thing,  if  the 
continuity  of  the  axial  cylinder  be  interrupted  by  the  mechanical  stimulus,  the 
conduction  of  the  impulse  across  the  injured  part  is  interrupted.  If  the  molecular 
arrangements  of  the  nerves  be  permanently  deranged,  e.g.,  by  a  violent  shock,  the 
excitability  of  the  nerves  may  be  thereby  extinguished. 

A  slight  blow  applied  to  the  radial  nerve  in  the  foi-e-ann,  or  to  the  axillary  nerves  in  the 
snpraclaviciilar  groove,  is  followed  by  a  contraction  of  the  mnseles  supplied  by  these  nerves. 
Under  pathological  conditions,  the  excitability  of  a  nerve  for  mechanical  stimuli  may  be 
increased  enormously. 

Tigerstedt  ascertained  that  t\i&  minimal  mechanical  stimulus  is  represented  by  900  milligram- 
millimetres,  and  the  maximuni  by  7000  to  8000.  Strong  stimuli  cause  fatigue,  but  the  fatigue 
does  not  extend  beyond  the  part  stimulated.  A  nerve  when  stimulated  mechanically  does  not 
become  acid.  Slight  pressure  without  tension  increases  the  excitability,  which  diminishes  after 
a  short  time.  Tlie  mechanical  work  produced  by  an  excited  muscle  in  consequence  of  a  stimulus 
was  100  times  greater  than  the  mechanical  energy  of  the  mechanical  nerve-stimulus. 

Continued  pressure  upon  a  mixed  nerve  paralyses  the  motor  sooner  than  the 
sensory  fibres.  If  the  stimulus  be  applied  very  gradually,  the  nerve  may  be 
rendered  inexcitable  without  manifesting  any  signs  of  its  being  stimulated 
{Fontana,  1758).  Paralysis,  due  to  continuous  pressure  gradually  applied,  may 
occur  in  the  region  supplied  by  the  brachial  nerves ;  the  left  recurrent  laryngeal 
nerve  also  may  be  similarly  paralysed  from  the  pressure  of  an  aneurism  of  the  arch 
of  the  aorta. 

By  increasing  the  pressure  on  a  nerve  by  using  a  gradually  increasing  weight,  there  is  at  first 
an  increase  and  then  a  decrease  of  the  excitability.  Pressure  on  a  mixed  nerve  abolishes  reflex 
conduction  sooner  than  motor  conduction  {Kroncckcr  and  Zcclcrhaum). 

Nerve-stretching  is  employed  for  therapeutical  purposes.  If  a  nerve  be  exposed  and 
stretched,  or  if  it  be  made  sufficiently  tense,  the  nerve  is  stimulated.  Slight  tension  increases 
the  reflex  excitability  (Schleich),  while  violent  extension  produces  a  temjjorary  diminution  or 
abolition  of  the  excitability  {Valentiii).  The  centripetal  or  sensory  fibres  of  the  sciatic  nerve 
are  sooner  paralysed  thereby  than  the  centrifugal  or  motor  [Conrad).  During  the  process  of 
extension,  mechanical  changes  are  produced,  either  in  the  nerve  itself  or  in  its  end-organs, 
causing  an  alteration  of  the  excitability,  but  it  may  also  aff"ect  the  central  organs.  The 
paralysis,  which  sometimes  occurs  after  forcible  stretching,  usually  rapidly  disappears.  There- 
fore, when  a  nerve  is  in  an  excessively  excitable  condition,  or  when  this  is  due  to  an  inflam- 
matory fixation  or  constriction  of  the  nerve  at  some  part  of  its  course,  nerve-stretching  may 
be  useful,  partly  by  diminishing  the  excitability,  partly  by  breaking  up  the  inflammatory 
adhesions.  In  cases  where  stimulation  of  an  arferent  nerve  gives  rise  to  epileptic  or  tetanic 
spasms,  nerve-stretching  may  be  useful  by  diminishing  the  excitability  at  the  periphery,  in 
addition  to  the  other  effects  already  described.  It  has  also  been  employed  in  some  spinal 
affections,  which  may  not  as  yet  have  resulted  in  marked  degenerative  changes. 

For  physiological  purposes,  a  nerve  may  be  stimulated  mechanically  by  means  of  Heiden- 
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N( 
by 

shocks  to  the  nerve  upon 
contractions  and  even  tetanus. 

2.  Thermal  Stimuli.— If  a  frog's  nerve  be  lieated  to  45'  C,  its  excitability  is 
first  increased  and  then  diminished.  The  higher  the  temperature,  the  greater  is 
the  excitability,  and  the  shorter  its  duration  {Afanasief).  If  a  nerve  be  heated  to 
50'  C.  for  a  short  time,  its  excitability  and  conductivity  are  abolished.  The  frog's 
nerve  alone  regains  its  excitability  on  being  cooled  {Pickford).  If  the  temperature 
be  raised  to  65"  C,  the  excitability  is  abolished  without  the  occurrence  of  a  con- 
traction, while  its  medulla  is  broken  up  {Ecl-hard).  Sudden  cooling  of  a  nerve  to 
5°  C.  acts  as  a  stimulus,  causing  contraction  in  a  muscle,  while  sudden  heating  to 
40°  or  45°  C.  produces  the  same  result.  If  the  temperature  be  increased  still  more, 
instead  of  a  single  contraction  a  tetanic  condition  is  produced.  All  such  rapid 
variations  of  temperature  quickly  exhaust  the  nerve  and  kill  it.  If  a  rierve  be 
frozen  gradually,  it  retains  its  excitability  on  being  thawed.  The  excitability  lasts 
long  in  a  cooled  nerve  ;  in  fact,  it  is  increased  in  a  motor  nerve,  but  the  contractions 
are  not  so  high  and  more  prolonged,  while  the  conduction  in  the  nerve  takes  place 
more  slowly.  Amongst  mammalian  nerves,  the  afferent  and  vaso-dilator  nerves  at 
45°  to  50°  C.  exhibit  the  results  of  stimulation,  while  the  others  only  show  a  change 
in  their  excitability.  When  cooled  to  +  5°  C,  the  excitability  of  all  the  fibres  is 
diminished  (Grutzner). 

3.  Chemical  Stimuli  excite  nerves  when  they  act  with  a  certain  rapidity,  and 
thereby  alter  the  condition  of  the  nerve  (p.  473).    Most  cheniical  stimuli  act  by 
first  increasing  the  nervous  excitability,  and  then  diminishing  or  paralysing  it. 
Chemical  stimuli,  as  a  rule,  have  less  effect  upon  sensory  than  upon  motor  fibres 
{Echhard).    According  to  Griltzner,  the  inactivity  of  chemical  stimuli,  so  often 
observed  when  they  are  applied  to  sensory  nerves,  depends  in  great  part  upon  the 
non-simultaneous  stimulation  of  all  the  nerve-fibres.    Amongst  chemical  stimuli 
are — («)  rapid  ahstraction  of  vmter  by  dry  air,  blotting  paper,  exposure  in  a 
chamber  containing  sulphuric  acid,  or  by  the  action  of  solutions  which  absorb 
fluids,  e.g.,  concentrated  solutions  of  neutral  alkaline  salts  (NaCl,  excites  only  motor 
fibres  in  mammals — Griltzner),  sugar,  urea,  concentrated  glycerin  (and  1  some 
metallic  salts).    The  subsequent  addition  of  water  may  abolish  the  contrtictions, 
while  the  nerve  may  still  remain  excitable.    The  abstraction  of  water  first  increases 
and  afterwards  diminishes  the  excitability.    The  imbibition  of  tvater  diminishes  the 
excitability,    (b)  Free  alkalies,  mineral  acids  (not  phosphoric),  many  organic  acids 
(acetic,  oxalic,  tartaric,  lactic),  and  most  salts  of  the  heavy  metals.    While  the 
acids  act  as  stimuli,  only  when  they  are  somewhat  concentrated,  the  caustic  alkalies 
act  in  solutions  of  0"8  to  0"1  per  cent.  (Kiikne).    Neutral  potash  salts,  in  a  concen- 
trated form,  rapidly  kill  a  nerve,  but  they  do  not  excite  it  nearly  so  strongly  as  the 
soda  compounds.    Dilute  solutions  of  the  neatral  potash  salts  first  increase  and 
afterwards  diminish  it  (Banke),  as  can  be  shown  by  stimulation  with  an  induction 
shock  {Biedermann).    (c)  Various  substances,  e.g.,  dilute  alcohol,  ether,  chloroform, 
bile,  bile-salts,  and  sugar.    These  substances  usually  excite  contractions,  and  after- 
wards rapidly  kill  the  nerve.    Ammonia,  lime-water,  some  metallic  salts,  carbon 
bisulphide,  and  ethereal  oils  kill  the  nerve  without  exciting  it — at  least  without 
producing  any  contraction  in  a  frog's  nerve-muscle  preparation.    [The  nerve  of  a 
nerve-muscle  preparation  may  be  dipped  into  ammonia,  but  no  contraction  results, 
while  the  slightest  traces  of  ammonia  applied  to  a  muscle  cause  contraction.] 
Carbolic  acid  does  the  same,  although  when  applied  directly  to  the  spinal  cord  it 
produces  spasms.    These  substances  excite  the  muscles  when  they  are  directly 
applied  to  them.    Tannic  acid  does  not  act  as  a  stimulus  either  to  nerve  or  muscle. 
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As  a  general  rule,  the  stimulating  solutions  must  be  more  concentnited  when  applied 
to  a  nerve  than  to  muscle,  in  order  tliat  a  contraction  may  be  produced. 

[Methods.— If  a  nerve-muscle  preparation  of  a  frog's  limb  be  made,  and  a  straw  flag  (p.  472) 
attached  to  the  toes  while  the  femur  is  fixed  in  a  clamp,  and  its  nerve  be  then  dii)ped  in  a 
saturated  solution  of  common  salt,  the  toes  soon  begin  to  twitch,  and  by  and  by  the  whole  limb 
becomes  tetaTiic,  and  thus  keeps  the  straw  flag  extended.  The  effect  of  lluid  on  a  muscle  or 
nerve  is  easily  tested  by  fixing  the  muscle  in  a  clamp,  while  a  drop  of  the  fluid  is  placed  on  a 
greased  surface,  which  gives  it  a  convex  form.  The  end  of  the  muscle  or  nerve  is  then  brought 
into  contact  with  the  cupola  of  the  drop  [Kuhne).] 

4.  The  Physiological  or  normal  stimulus  excites  the  nerves  in  the  normal 
intact  body.  Its  nature  is  entirely  unknown.  The  "  nerve-motion  "  thereby  set 
up  travels  either  in  a  "  centrifugal "  or  outgoing  direction  from  the  central  nervous 
system,  giving  rise  to  motion,  inhibition  of  motion,  or  secretion ;  or  in  a  "  centri- 
petal "  or  ingoing  direction  from  the  specific  end-organs  of  the  nerves  of  the  special 
senses  or  the  sensory  nerves.  In  the  latter  case,  the  impulse  reaches  the  central 
organs,  where  it  may  excite  sensation  or  perception,  or  it  may  be  transferred  to  the 
motor  areas  and  be  conducted  in  a  centrifugal  direction,  constituting  a  "  reflex  " 
stimulation  (§  360).  A  single  physiological  nerve-impulse  travels  more  slowly  than 
that  excited  by  the  momentary  application  of  an  induction  shock  {Lovhi,  v.  Kries). 
It  is  not  a  uniform  process  excited  by  varying  intensity  and  greater  or  less  frequency 
of  stimulation,  but  it  is  essentially  a  process  varying  considerably  in  duration,  and 
it  may  even  last  as  long  as  }^  second  (v.  Kries). 

5.  Electrical  Stimuli. — [The  following  forms  of  electrical  stimuli  may  be 
used  : — 

(1)  A  constant  current,  which  may  be  made  or  broken  (§  328). 

(2)  Induction  shocks,  either  make  or  break  shocks  (§  329). 

(3)  An  interrupted  current  (§  329). 

The  electrical  current  acts  most  powerfully  upon  the  nerves  at  the  moment  when 
it  is  applied,  and  at  the  moment  when  it  ceases  (§  336) ;  in  a  similar  way,  any 
increase  or  decrease  in  the  strength  of  a  constant  current  acts  as  a  stimulus.  If  an 
electrical  current  be  applied  to  a  nerve,  and  its  strength  be  very  gradually  increased 
or  diminished,  then  the  visible  signs  of  stimulation  of  the  nerve  are  very  slight. 
As  a  general  rule,  the  stimulation  is  more  energetic  the  more  rapid  the  variations  of 
the  strength  of  the  current  applied  to  the  nerve,  i.e.,  the  more  suddenly  the 
intensity  of  the  stimulating  current  is  increased  or  diminished  {du  Bois-Keymond). 

An  electrical  current  must  have  a  certain  strength  or  liminal  intensity  before  it 
is  effective.  By  uniformly  increasing  the  strength  of  the  current,  the  size  of  the 
contraction  increases  rapidly  at  first,  then  more  slowly  [Tigerstedt  and  Willhard). 

An  electrical  current,  in  order  to  stimulate  a  nerve,  must  have  a  certain  duration, 
it  must  act  at  least  during  O'OOIS  second  {Fick,  1863)  ;  even  with  currents  of 
slightly  longer  duration,  the  opening  shock  may  have  no  effect.  If  the  duration  of 
the  closing  shock  of  a  constant  current  be  so  arranged  that  it  vs,  just  too  short  to 
be  active,  then  it  merely  requires  to  last  1-3  to  2  times  longer  to  produce  the  most 
complete  effect  {Grimhaf/en). 

The  electrical  current  is  most  active  when  it  flows  in  the  long  axis  of  the  nerve  ; 
it  is  inactive  when  applied  vertically  to  the  axis  of  the  nerve  (Galvani).  Similarly, 
muscles  are  incomparably  less  excited  by  transverse  than  by  longitudinal  currents 
{Giuffrh). 

The  greater  the  length  of  nerve  traversed  by  the  current,  the  less  the  stimulus 
that  is  required  (Pfaff). 

Constant  Current. — If  the  constant  current  be  used  as  a  nervous  stimulus,  the 
stimulating  effect  on  the  sensory  nerves  is  most  marked  at  the  moment  of  making 
and  breaking  the  current ;  during  the  time  the  current  passes,  only  slight  excite- 
ment is  perceived,  but,  even  under  these  circumstances,  very  strong  currents  may 
cause  very  considerable,  and  even  unbearable,  sensations.    If  a  constant  current  be 
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applied  to  a  motor  nerve,  the  greatest  elfect  is  produced  when  the  current  is  made 
or  closed  [closing  or  make  contraction],  and  when  it  is  broken  or  opened  [opening 
or  break  contraction].  But  while  the  current  is  passing,  the  stimulation  does  not 
cease  completely,  for,  with  a  certain  strength  of  stimulus,  the  muscle  remains  in  a 
state  of  tenanus  (galvanotonus  or  "  closing  tetanus  ")  {Pfliiger).  For  the  same 
effect  on  muscles,  see  p.  482.  With  strong  currents  this  tetanus  does  not  appear, 
chiefly  because  the  current  diminishes  the  excitability  of  the  nerves,  and  thus 
develops  resistance,  which  prevents  the  stimulus  from  reaching  the  muscle. 
According  to  Hermann,  a  descending  current  applied  to  the  nerve,  at  a  distance 
from  the  muscles,  causes  this  tetanus  more  readily,  while  an  ascending  current 
causes  it  more  readily  when  the  current  is  closed  near  the  muscle.  The  constant 
current  is  said  by  Grlitzner  to  have  no  effect  on  vaso-motor  and  secretory  fibres. 

Over-maximal  Contraction. — By  gradually  increasing  the  strength  of  the  electrical  stimulus 
applied  to  a  motor  nerve,  Fick  observed  that  the  muscular  contractions  {height  of  the  lift)  at 
first  increased  proportionally  to  the  increase  of  the  stimulus,  until  a  maximal  contraction  was 
obtained.  If  the  strength  of  the  stimulus  be  increased  still  further,  another  increase  of  the 
contraction  above  the  first  reached  maximum  is  obtained.  This  is  called  an  "over-maximal 
contraction."  Occasionally  between  the  first  maxinmm  and  the  second  there  is  a  diminution,  or 
indeed  absence  of,  or  gap  or  hiatus,  in  the  contractions.  The  cause  of  this  lies  in  the  positive 
pole,  which  with  a  certain  strength  of  current  is  sufficient  to  prevent  the  further  transmission 
of  the  excitement  (§  335).  On  continuing  to  increase  the  induction  current,  ultimately  a  stage 
is  reached  where  the  stimulation  at  the  negative  pole  agidn  becomes  stronger  than  the  inhibition 
at  the  positive,  and  this  overcomes  the  latter.  The  contractions  before  the  gap  are  caused  by 
the  occurrence  of  the  induction  current  (their  latent  period  is  short) ;  the  contractions  (long 
latent  period,  like  that  after  all  opening  shocks —  Waller),  after  the  gap,  are  caused  by  the 
disappearance  of  the  induction  current,  i.e.,  by  polarisation :  this  is  added  to  the  stimulation 
proceeding  from  the  negative  pole,  which  after  the  gap  overcomes  the  inhibition  at  the 
positive  pole,  and  excites  the  over-maximal  contractions  ( Tigerstcdt  and  WillJutrd), 

Tetanus. — If  single  shocks  of  short  duration  be  i-apidly  applied  after  each  other 
to  a  nerve,  tetanus  in  the  corresponding  muscle  is  produced  (§  298,  III.). 

A  motor  nerve  has  a  greater  qncific  excitability  for  electrical  stimuli  than  the 
muscle-substance.  This  is  proved  by  the  fact  that,  a  feebler  stimulus  suffices  to 
excite  a  muscle  when  applied  to  the  nerve  than  when  it  is  applied  to  the  muscle 
directly,  as  occurs  when  the  terminations  of  the  motor  nerves  are  paralysed  by 
curara  {Rosenthal). 

Soltmann  found  that  the  excitability  of  the  motor  nerves  of  new-born  animals 
for  electrical  stimuli  is  less  than  in  adults.  The  excitability  increases  until  the  6th 
to  10th  month. 

Unequal  Excitability.— Under  certain  circumstances,  the  nearer  the  part  of 
the  motor  nerve  stimulated  lies  to  the  central  nervous  system,  the  greater  is  the  effect 
produced  (contraction)  ;  [or  what  is  the  same  thing,  the  further  the  point  of  a  nerve 
which  is  stimulated  is  from  the  muscle,  the  stimulus  being  the  same,  the  greater  is 
the  contraction.  This  led  Pfliiger  to  his  "avalanche-theory,"  i.e.,  that  the  "nerve- 
motion  "  increases  in  the  nerve  as  it  passes  towards  the  muscles.  This  effect  is 
explained,  however,  by  the  unequal  excitability  of  different  parts  of  the  same 
nerve].  According  to  Fleischl,  all  parts  of  the  nerve  are  equally  excitable  for 
chemical  stimuli.  Further,  it  is  said  that  the  higher  placed  parts  of  a  nerve  are 
more  excitable  only  when  the  stimulating  current  passes  in  a  descending  direction  • 
the  reverse  is  the  case  when  the  current  ascends  {Hermann).  On  stimulating  a 
sensory  nerve,  Rutherford  and  Hallsten  found  that  the  reflex  contraction  was 
greater,  the  nearer  the  stimulated  point  was  to  the  central  nervous  system. 

Unequal  Excitability  in  the  same  Nerve.— Nerve-fibres,  even  when  functionally 
the  same  and  included  in  the  same  nerve-trunk,  are  not  all  equally  excitable.  Thus 
feeble  stimulation  of  the  sciatic  nerve  of  a  frog  causes  contraction  of  the  flexor 
muscles,  while  it  requires  a  stronger  stimulus  to  produce  contraction  of  the  extensors 
{Ritter,  1805,  Rollett).    According  to  Ritter,  the  nerves  for  the  flexors  die  first. 
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Direct  stimiUatioii  of  the  muscles  in  curavised  animals  shows  that  the  flexors  contract  with  a 
feebler  stimulus  (but  also  fatigue  sooner)  than  the  extensors  ;  the  pale  muscles  of  the  rabbit  are 
also  more  excitable  than  the  red.  As  a  rule,  poisons  affect  the  flexors  sooner  thnn  the  extensors. 
In  some  muscles  some  pale  fibres  are  present,  and  they  are  more  excitable  than  the  red 
{Griitzner)  (§  298).  If  a  frog's  nerve-muscle  preparation  be  exposed  to  the  action  of  ether, 
on  strong  stimulation  of  the  sciatic  nerve,  flexion  occurs  [Griitzner,  BowdUch),  but,  if  the  current 
be  made  stronger,  extension  takes  place.  During  deep  ether-narcosis,  strong  stimulation  of  the 
recurrent  nerve  causes  dilatation,  and  with  slight  narcosis,  narrowing  of  the  glottis  takes 
place  ;  dilatation  occurs  on  slight  stimulation  {Boicditch).  The  adductor  muscle  of  the  claw  of  a 
crayfish  is  relaxed  under  a  weak  stimulus,  but  it  contracts  when  a  strong  stimulus  is  applied 
to  it.    The  reverse  is  the  case  with  the  muscle  which  opens  the  claw  {Biedcrmann). 

Unipolar  Stimulation. — If  one  electrode  of  an  induction  apparatus  be  applied 
to  a  nerve,  it  may  act  as  a  stimulus.  Du  Bois-Keymond  has  called  this  "  unipolar 
induction  action."  It  is  due  to  the  movement  of  the  electrical  current  to  and  from 
the  free  ends  of  the  open  induction  current  at  the  moment  of  induction.  [Unipolar 
induction  is  more  apt  to  occur  with  the  opening  than  the  closing  shock,  because 
the  former  is  more  intense.] 

Upon  muscle,  electrical  stimuli  act  quite  as  they  do  upon  nerves.  Electrical 
currents  of  very  short  duration  have  no  effect  upon  muscles  whose  nerves  are 
paralysed  by  curara  {Briicke),  and  the  same  is  true  of  greatly  fatigued  muscles,  or 
muscles  about  to  die  or  greatly  weakened  by  diseased  conditions  (§  399). 

325.  DIMINUTION  OF  THE  EXCITABILITY— DEGENERATION  AND 
REGENERATION  OF  NERVES.— 1.  Normal  Nutrition.— The  continuance  of 
the  normal  excitability  in  the  nerves  of  the  body  depends  upon  the  maintenance  of 
the  normal  nutrition  of  the  nerves  themselves  and  a  due  supply  of  blood.  Insuffi- 
cient nutrition  causes,  in  the  first  instance,  increased  excitability,  and  if  the  condi- 
tion be  continued  the  excitability  is  diminished  (§  339,  I.). 

When  the  physician  meets  with  the  signs  of  increased  excitability  of  the  nerves,  under  bad  or 
abnormal  conditions  of  nutrition,  this  is  to  be  regarded  as  the  beginning  of  the  stage  of  decrease 
of  the  nerve-energy.    Invigorating  measures  are  required. 

If  the  terminal  nervoiis  apparcitus  be  subjected  to  a  temporary  disturbance  of  its 
nutrition,  the  return  of  the  normal  nutritive  process  is  heralded  by  a  more  or  less 
marked  stage  of  excitement.  The  more  excitable  the  nervous  apparatus,  the 
shorter  must  be  the  duration  of  the  disturbance  of  nutrition,  e.g.,  cutting  off  the 
arterial  blood  supply  or  interfering  with  the  respiration. 

2.  Fatigue.— Continued  excessive  stimulation  of  a  nerve,  without  sufficient 
intervals  of  repose,  causes  fatigue  of  the  nerve,  and  by  exhaustion  rapidly 
diminishes  the  excitability.  A  nerve  is  more  slowly  fatigued  than  a  muscle 
(Bernstein),  but  it  recovers  more  slowly  (§  304).  [Nerves  of  cold-blooded  animals 
( WidensMi)  and  mammals  (Boivditcli )  may  be  tetanised  for  hours  without  becoming 
fatigued.] 

[To  show  that  a  muscle  is  much  more  rapidly  fatigued  than  a  nerve,  Bernstein  arranged  two 
nerve-muscle  preparations  so  that  both  nerves  were  tetanised  simultaneously,  but  through  one  of 
the  nerves,  a  polarising  constant  current  was  passed  by  means  of  non-polarisable  electrodes  (§  327), 
so  that  the  condition  of  anelectrotonus  (§  335)  was  set  up  in  this  nerve,  and  thus  "blocked" 
the  propagation  of  impulses  to  the  corresponding  muscle.  Only  one  muscle,  therefore,  was 
tetanised.  Both  nerves  were  continuously  stimulated  until  fatigue  of  the  contracting  muscle 
took  place,  and  on  breaking  the  polarising  current  applied  to  the  other  nerve,  the  corresponding 
muscle  at  once  became  tetanic.  Now,  as  both  nerves  were  equally  stimulated,  and  the  muscle 
in  connection  with  one  nerve  was  fatigued,  while  the  other  muscle  at  once  contracted,  it  is 
evident  that  a  muscle  is  much  more  rapidly  fatigued  than  a  motor  nerve.  In  sensory  nerves, 
fatigue  and  recovery  are  analogous  to  the  corresponding  processes  in  motor  nerves  {Bernstein).'] 

Recovery. — When  a  nerve  recovers,  at  first  it  does  so  slowly,  then  more  rapidly, 
and  afterwards  again  more  slowly.  If  recovery  does  not  occur  within  half  an  hour 
after  a  frog's  nerve  has  been  subjected  to  very  long  and  intense  stimulation,  it  will 
not  take  place  at  all. 
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3.  Continued  inaction  of  a  nerve  diminishes,  and  may  ultimately  abolish  tlie 
excitability. 

Thus,  tlie  central  ends  of  divided  sensory  nerves,  after  amputation  of  a  limli,  lose  tlu-ir 
excitability,  although  the  nerves  are  still  connected  with  the  central  nervous  system,  because 
the  end-organs  through  which  they  were  normally  excited  have  been  removed. 

4.  Separation  from  their  Nerve-Centres. — The  nerve-fibres  remain  in  a  con- 
dition of  normal  nutrition,  only  when  they  are  directly  connected  with  their 
centre,  which  governs  the  nutritive  processes  within  the  nerve.  If  a 
nerve  within  the  body  be  separated  from  its  "  nutritive  centre" — either 
by  section  of  the  nerve  or  compressing  it — within  a  short  time  it  loses  its 
excitability,  and  the  periphtral  end  undergoes  fatty  degeneration,  whicli 
begins  in  four  to  six  days  in  warm-blooded  animals,  and  after  a  long 
time  in  cold-blooded  ones  {Joh.  Milller).  See  also  the  changes  of  the 
excitability  during  this  condition,  the  so-called  "Reaction  of  degener- 
ation "  (i^  339).  If  the  sensonj  nerve-fibres  of  the  root  of  a  spinal  nerve 
be  divided  on  the  central  side  of  the  ganglion,  the  fibres  on  the  peripheral 
side  do  not  degenerate,  for  the  ganglion  is  the  trophic  or  nutritive  centre 
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Degeneration  and  regeneration  of  nerves.  A,  sub-division  of  the  myelin  ;  B,  further  disintegra- 
tion thereof  (osmic  acid  staining)  ;  C,  interruption  of  the  axial  cylinder,  which  is 
surrounded  with  the  broken-up  myelin  ;  D,  accumulation  of  nuclei,  with  the  remainder 
of  the  myelin  in  a  spindle-shaped  fibre  ;  E,  a  new  nerve-fibre,  with  a  new  sheath  of 
Schwann,  sn,  within  the  old  sheath  of  Schwann,  ;  F,  a  new  nerve-fibre  passing  in  a 
curved  course  through  an  old  nerve-fibre  sheath.  ° 

for  the  sensory  nerves ;  but  the  fibres  still  in  connection  with  the  cord  degenerate 
{Waller).  ^ 

[WaUerian  Law  of  Degeneration.— If  a  spinal  nerve  be  divided,  the  peripheral 
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part  of  the  nerve  and  its  branches,  inchiding  the  sensory  and  motor  fibres,  degene- 
rate completely  (fig.  378,  A),  while  the  central  parts  of  the  nerve  remain  unaltered. 
If  the  anterior  root  of  a  spinal  nerve  alone  be  divided  before  it  joins  the  posterior 
root,  all  the  peripheral  nerve-fibres  connected  with  the  anterior  root  degenerate 
(fig.  378,  B),  so  that  in  the  nerve  of  distribution  only  the  motor  fibres  degenerate. 
The  portion  of  the  nerve-root  wdiich  remains  attached  to  the  cord  does  not 
degenerate.  If  the  posterior  root  alone  be  divided,  between  the  spinal  cord  and  the 
ganglion,  the  effect  is  reversed,  the  part  of  the  nerve-root  lying  between  the  section 
and  the  spinal  cord  degenerates,  while  the  part  of  the  nerve  connected  with  the 
ganglion  does  not  degenerate  (fig.  378,  C).    The  central  fibres  degenerate  because 


Fig.  378. 

Diagram  of  the  roots  of  a  spinal  nerve,  showing  the  effect  of  section  (the  black  ^  arts  represent 
the  degenerated  parts).  A,  section  of  the  nerve-trunk  beyond  the  ganglion  ;  IS,  of  the 
anterior  root,  and  C,  of  the  posterior  ;  D,  excision  of  the  ganglion  ;  a,  anterior,  p, 
posterior  root ;  g,  ganglion. 

they  are  separated  from  the  ganglion.  If  the  ganglion  be  excised,  or  if  separated, 
as  in  fig.  378,  D,  both  the  central  and  peripheral  parts  of  the  posterior  root 
degenerate.  These  experiments  of  Waller  show  that  the  fibres  of  the  anterior  and 
posterior  roots  are  governed  by  different  centres  of  nutrition  or  "trophic  centres." 
As  the  anterior  root  degenerates  when  it  is  separated  from  the  cord,  and  the 
posterior  when  it  is  separated  from  its  own  ganglion,  it  is  assumed  that  the  trophic 
centre  for  the  fibres  of  the  anterior  root  lies  in  the  multipolar  nerve-cells  of  the 
anterior  horn  of  the  grey  matter  of  the  spinal  cord,  while  that  for  the  fibres  of  the 
posterior  root  lies  in  the  cells  of  the  ganglion  placed  on  it.  The  nature  of  this 
supposed  trophic  influence  is  entirely  unknown.] 

Traumatic  and  Fatty  Degeneration. — Both  ends  of  the  nerve  at  the  point  of  section  imme- 
diately begin  to  undergo  " traumatic  degeneration. "  (In  the  frog  on  the  1st  and  •2nd  day.) 
After  a  time  neither  the  myelin  nor  axis-cylinder  is  distinguishable  {Schifl).  According  to 
Engelmann,  this  condition  extends  only  to  the  nearest  node  of  Eanvier,  and  afterwards  the  so- 
called  "  fatty  degeneration  "  begins.  The  process  of  "fatty"  degeneration  begins  simultane- 
ouslv  in  the  whole  peripheral  portion  ;  the  white  substance  of  Schwann  breaks  up  into  masses 
(fic.'^377,  A),  just  as  it  does  after  death,  in  microscopic  preparations;  afterwards,  the  myelin 
forms  globules  and  round  masses  (B),  the  axial-cylinder  is  compressed  or  constricted,  and  is 
ultimately  broken  across  (C)  in  many  places  (7th  day).  The  nerve-fibre  seems  to  break  up  into 
two  substances — one  fatty,  the  other  proteid  in  constitution,  the  fat  being  absorbed  (^'.  Mayer). 
The  nuclei  of  Schwann's  sheath  swell  up  and  proliferate  (D— until  the  10th  day).  According 
to  Ranvier,  the  nuclei  of  the  interannular  segments  and  their  surrounding  protoplasm 
proliferate,  and  ultimately  interrupt  the  continuity  of  the  axis-cylinder  and  the  myelin.  They 
then  undergo  considerable  development  with  simultaneous  disappearance  of  the  medulla  and 
axis-cylinder,  or  at  least  fatty  substances  formed  by  their  degeneration,  so  that  the  nerve-fibres 
look  like  fibres  of  connective-tissue.  [According  to  this  view,  the  process  is  in  part  an  active 
one,  due  to  the  growth  of  the  nerve-corpuscles  breaking  up  the  contents  of  the  neurilemma, 
which  then  ultimately  undergo  chemical  degenerative  changes.]  According  to  Ranvier, 
Tizzoni,  and  others,  leucocytes  wander  into  the  cut  ends  of  the  nerves,  and  also  at  Eanvier's 
nodes,  insinuating  themselves  into  the  nerve-fibres,  where  they  take  myelin  into  their  bodies, 
and  subject  it  to  certain  changes.  [These  cells  are  best  revealed  by  the  action  of  osmic  acid, 
which  blackens  any  myelin  particles  in  their  interior.]    Degeneration  also  takes  place  in  the 


540 


TROPHIC  CENTRES  AND  MODIFYING  CONDITIONS. 


motorial  end-plates,  beginning  first  in  the  non-inedullated  branches,  then  in  the  terminal 
fibrils,  and  lastly  in  the  nerve-trunks  {Gesslcr).  ^  i  i 

Regeneration  of  Nerves.— In  order  that  regeneration  of  a  divided  nerve  may  take  place 
{Cruickshank,  1795),  the  divided  ends  of  the  nerve  must  be  brought  into  contact  (§  244).  In 
man  this  is  done  by  means  of  sutures.  About  the  middle  of  the  fourth  week,  small  clear 
bauds  appear  within  the  neurilemma,  winding  between  the  nuclei  and  the  remains  of  the 
myelin  (E).  They  soon  become  wider,  and  receive  myelin  with  incisures,  and  nodes,  and  a 
sheath  of  Schwann  (•2ud  to  3rd  month— F).  The  regeneration  process  takes  place  m  each 
interannular  segment,  while  the  individual  segments  unite  end  to  end  at  the  nodes  of  Ranyier 
(§.321,  I.,  5).  On  this  view,  each  nerve-segment  of  the  fibre  corresponds  to  a  "cell-unit 
(e.  Neumann,  Eichhorst).  The  same  process  occurs  in  nerves  ligatured  in  their  course.  Several 
new  fibres  may  be  formed  within  07ic  old  nerve-sheath.  The  divided  axis-cylinders  of  the 
central  end  of  the  nerve  begin  to  grow  about  the  14th  day,  until  they  meet  the  newly  formed 
ones,  with  which  they  unite. 

[Primary  and  Secondary  Nerve  Suture.— aSTumerous  experiments  on  animals  and  man  have 
established  the  fact  that,  immediate  or  primary  suture  of  a  nerve,  after  it  is  divided,  either 
accidentally,  or  intentionally,  hastens  reunion  and  regeneration,  and  accelerates  the  restoration 
of  function.  Secondary  suture,  i.e.,  bringing  the  ends  together  long  after  the  nerve  has  been 
divided,  has  been  practised  with  success.  Surgeons  have  recorded  cases  where  the  function 
was  restored  after  division  had  taken  place  for  3  to  16  months,  and  even  longer,  and  in  most 
cases  the  sensibility  was  restored  first,  the  average  time  being  2  to  4  weeks.  Jlotion  is 
recovered  much  later.  The  ends  of  the  nerve  should  be  stitched  to  each  other  with  catgut, 
the  muscles  at  the  same  time  being  kept  from  becoming  atrophied  bj'  electrical  stimulation  and 
the  systematic  use  of  massage  (§  307).  After  suture  of  a  nerve,  conductivity  is  restored  in  the 
rabbit  in  40  days,  on  the  31st  in  dogs,  and  25th  in  fowls,  but  after  simple  division  without 
suture,  not  till  the  60th  day  in  the  rabbit.  Transplantation  of  nerve  does  not  succeed  {John- 
aon).] 

Union  of  Nerves.— The  central  end  of  a  divided  motor  nerve  may  unite  with  the  peripheral 
end  of  another,  and  still  conduct  impulses  (Rava).  [It  is  stated  that  sensory  fibres  will 
reunite  with  sensory  fibres,  and  motor  fibres  with  motor  fibres,  and  the  regenerated 
nerve  will,  in  the  former  case,  conduct  sensory  impulses,  and  the  latter  motor  impulses. 
There  is  veiy  considerable  diversity  of  opinion,  however,  as  to  the  regeneration  or  union 
of  sensory  with  motor  fibres.  Paul  Bert  made  the  following  experiment  : — He  stitched  the 
tail  of  a  rat  into  the  animal's  back,  and  after  union  had  taken  place,  he  cut  the  tail  from  the 
body  at  the  root,  so  that  the  tail,  as  it  were,  grew  out  of  the  animal's  back,  broad  end  upper- 
most. On  irritating  the  end  of  the  tail,  which  was  formerly  the  root,  the  animal  gave  signs 
of  pain.  This  experiment  was  devised  by  Bert  to  tiy  to  show  that  nerve-fibres  can  conduct 
impulses  in  both  directions.  One  of  two  things  must  have  occurred.  Either  the  motor  fibres, 
which  normally  carried  impulses  down  the  tail,  now  convey  them  in  the  opposite  direction, 
and  convey  them  to  sensory  fibres  with  which  they  have  united  ;  or  the  sensory  fibres,  which 
normally  conducted  impulses  from  the  tip  upwards,  now  carry  them  in  the  opposite  direction. 
If  the  former  w-ere  actually  what  happened,  it  would  show  that  nerve-fibres  of  different  function 
do  unite  (§  349).  Reichert  asserts  that  he  has  succeeded  in  uniting  the  hypoglossal  with  the 
vagus  in  the  dog.    According  to  Gessler  the  end-plate  is  the  first  to  regenerate.] 

Trophic  Centres. — The  regeneration  of  the  nerves  seems  to  take  place  under  the 
influence  of  the  nerve-centres,  which  act  as  their  nutritive,  or  trophic  centres. 
Nerves  permanently  separated  from  these  centres  never  regenerate. 

During  the  regeneration  of  a  7nixed  nerve,  sensibility  is  restored  first,  subsequently 
voluntary  motion,  and  lastly,  the  movements  of  the  muscles,  when  their  motor 
nerves  are  stimulated  directly  (Schif,  Erh,  v.  Ziemssen). 

Wallerian  Method  of  Investigation. — As  the  peripheral  end  of  a  nerve  undergoes  degenera- 
tion after  section,  we  use  this  method  for  determining  the  course  of  nerve-fibres  in  a  complex 
arrangement  of  nerves.  The  course  of  special  nerve-fibres  may  be  ascertained  by  tracing  the 
degeneration  tract  {Waller).  If  after  section,  reunion  or  regeneration  of  a  motor  nerve  does 
not  take  place,  the  muscle  supplied  by  this  nerve  ultimately  undergoes  fatty  degeneration. 

5.  Modifying  Conditions.— Under  the  action  of  various  operations,  e.g.,  co7n2)ress- 
ing  a  nerve  [so  as  not  absolutely  to  sever  the  physiological  continuity],  it  has  been 
found  that  voluntary  impulses  or  stimuli  applied  above  the  compressed  spot,  give 
rise  to  impulses  which  are  conducted  through  the  nerve,  and  in  the  case  of  a  motor 
nerve,  cause  contraction  of  the  muscles,  whilst  the  excitability  of  the  parts  heJoiv 
the  injured  spot  is  greatly  diminished  (Schif).  In  a  similar  manner,  it  is  found 
that  the  nerves  of  animals  poisoned  with  COg,  curara  or  coniin,  sometimes  even 
the  nerves  of  paralysed  limbs  in  man,  are  not  excitable  to  direct  stimuli,  while  they 
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are  capable  of  conducting  impressions  coming  from  the  central  nervous  system 
{Duch^yme).  The  injured  part  of  the  nerve,  therefore,  loses  its  excitability  sooner 
than  its  power  of  conducting  an  impulse. 

6.  Certain  poisons,  such  as  veratrin,  at  first  increase  the  excitability  of  the 
nerves,  and  afterwards  abolish  it ;  with  some  other  poisons,  the  abolition  of 
the  excitability  passes  off  very  rapidly,  e.(j.,  curara.  Conium,  cynoglossum,  iodide 
of  methylstrychnin,  and  iodide  of  a?thylstrychnin  have  a  similar  action. 

If  the  nerve  or  muscle  of  a  frog  be  placed  in  a  solution  of  the  poison,  we  obtain  a  different 
effect  from  that  which  results  w  hen  the  poison  is  injected  into  the  body  of  the  animal.  Atropin 
diminishes  the  excitability  of  a  nerve-muscle  preparation  of  the  frog  without  causing  any 
previous  increase,  while  alcohol,  ether,  and  chloroform  increase  and  then  dinunish  the  excita- 
bility {3fo))wiseu). 

^  7.  Ritter-Valli  Law. — If  a  nerve  be  separated  from  its  centre,  or  if  the  centre 
die,  the  excitability  of  the  nerve  is  increased ;  the  increase  begins  at  the  central 
end,  and  travels  towards  the  periphery — the  excitability  t\\Qn  falls  until  it  disappears 
entirely.  This  process  takes  place  more  rapidly  in  the  central  than  in  the  peri- 
pheral part  of  the  nerve,  so  that  the  peripheral  end  of  a  nerve  separated  from  its 
centre  remains  excitable  for  a  longer  time  than  the  central  end. 

The  rapidity  of  the  transmission  of  impulses  in  a  nerve  is  increased  when  the  excitability  is 
increased,  but  it  is  lessened  when  the  excitability  is  diminished.  In  the  latter  condition,  an 
electrical  stimulus  must  last  longer  in  order  to  be  effective  ;  hence  rapid  induction  shocks  may 
not  produce  any  effect. 

The  lav)  of  contraction  also  undergoes  some  modification  in  the  different  stages  of  the  changes 
of  excitability  (§  336,  II.). 

8,  Excitable  Points. — Many  nerves  are  more  excitable  at  certain  parts  of  their 

course  than  at  others,  and  the  excitability  may  last  longer  at  these  parts.    One  of 

these  parts  is  the  upper  third  of  the  sciatic  nerve  of  a  frog,  just  where  a  branch  is 

given  off  {Budge). 

The  motor  and  sensory  fibres  of  the  upper  third  of  the  sciatic  nerve  of  a  frog  are  more  excit- 
able for  all  stimuli  than  the  lower  parts  {Oriitzner  and  Elpon).  Whether  this  arises  from 
injury  during  preparation,  (a  branch  is  given  off  there),  or  is  due  to  anatomical  conditions,  e.g., 
more  connective-tissue  and  more  nodes  in  the  lower  part  of  the  sciatic,  is  undetermined  [Clara 
Halperson). 

This  increased  excitability  may  be  due  to  injury  to  the  nerve  in  preparing  it  for  experiment. 
After  section  or  compression  of  a  nerve,  all  electrical  currents  employed  to  stimulate  the  nerve 
are  far  more  active  when  the  direction  of  the  current  passes  away  from  the  point  of  injury,  than 
when  they  pass  in  the  opposite  direction.  This  is  due  to  the  fact,  that  the  current  produced  in 
the  nerve  after  the  lesion  is  added  to  the  stimulation  current  (§  331,  5).  Even  in  intact  nerves 
— sciatic  of  a  frog — where  the  nerve  ends  at  the  periphery  or  at  the  centre,  or  where  largo 
branches  are  given  off,  there  are  points  which  behave  in  the  same  way  as  those  points  where  a 
lesion  has  taken  place  {Griifzner  and  Moschncr). 

Death  of  a  Nerve. — In  a  dead  nerve  the  excitability  is  entirely  abolisherl,  deatli 
taking  place  according  to  the  Ritter-Valli  Law,  from  the  centre  towards  the 
periphery.  The  reaction  of  a  dead  nerve  has  been  found  by  some  observers  to  be 
acid  (§  322). 

The  functions  of  the  brain  cease  immediately  death  takes  place,  while  the  vital  functions  of 
the  spinal  cord,  especially  of  the  white  matter,  last  for  a  short  time  ;  the  large  nerve-tnu:ks 
gradually  die,  then  the  nerves  of  the  extensor  muscles,  those  of  tlie  flexors  after  three  to  four 
hours  ;  while  the  sympathetic  fibres  retain  their  excitability  longest,  those  of  the  intestine  even 
for  ten  hours  [Onimns).  Compare  §  29.5.  The  nerves  of  a  dead  frog  may  remain  excitable  for 
several  days,  provided  the  animal  be  kept  in  a  cool  place. 

Electro-Physiology.— Before  beginning  the  study  of  electro-physiology,  the 
student  ought  to  read  and  study  carefully  the  following  short  preliminary  remarks 
on  the  physics  of  this  question  : — 

326.  PHYSICAL— THE  GALVANIC  CURRENT— EHEOCORD. —L  Electro-motive  Force 

 If  two  of  the  under-mentioned  bodies  be  brought  into  direct  contact,  in  one  of  them  positive 

electricit)^  and,  in  the  other,  negative  electricity  can  be  detected.  The  cause  of  this  phenomenon 
is  the  electro-motive  force.  The  electro-motive  substances  may  be  arranged  in  a  series  of  the 
firat  class,  so  that  if  the  first-mentioned  substance  be  brought  into  contact  with  any  of  tl.c 
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other  bodies,  the  first  substance  is  negatively,  the  last  positively,  electrified.    This  series  is  : 
-  carbon,  ]>latinum,  gold,  silver,  copper,  iron,  tin,  lead,  zinc +  .  v  ■,•  • 

The  amount  of  the  electro-motive  force  produced  by  the  contact  of  two  of  these  bodies  is 
greater,  the  further  the  bodies  are  apart  in  the  series.  The  contact  of  the  bodies  may  take  place 
at  one  or  more  points.  If  several  of  the  bodies  of  this  series  be  arranged  in  a  pile,  the  electrical 
tension  thereby  produced  is  just  as  great  as  if  the  two  extreme  bodies  were  brought  into  contact, 
the  interuiediate  ones  being  left  out. 

•2.  The  nature  of  the  two  electricities  is  readily  determined  by  ])lacing  one  of  the  bodies  of  the 
.series  in  contact  irith  a  fluid.  If  zinc  be  placed  in  pure  or  acidulated  water,  the  zinc  is  + 
(positive)  and  the  water  -  (negative).  If  copper  be  taken  instead  of  zinc,  the  copper  is  +  but 
the  fluid  -  .  Experiment  shows  that  those  metals,  in  contact  with  fluid,  are  negatively  electri- 
fied most  strongly  which  are  most  acted  on  chemically  by  the  fluid  in  which  they  are  placed. 
Each  such  combination  affords  a  constant  difl'erence  of  tension  or  potential.  The  tension  [or 
]iower  of  overcoming  resistance]  of  the  amount  of  electricity  obtained  from  both  bodies  depends 
upon  the  size  of  the  surfaces  in  contact.  The  fluids,  e.g.,  the  solutions  of  acids,  alkalies,  or  salts 
are  called  exciters  of  electricity  of  the  second  class.  They  do  not  form  among  themselves  a 
definite  series  with  difierent  tensions.  "When  placed  in  these  fluids,  the  metals  lying  next  the 
-i-  end  of  the  above  series,  especially  zinc,  are  most  strongly  electrified  negatively,  and  to  a  less 
extent  those  lying  nearer  the  -  end  of  the  series. 

3.  Galvanic  Battery. — If  two  difierent  exciters  of  the  first  class  be  placed  in  fluid,  without 
the  bodies  coming  into  contact,  e.g.,  zinc  and  copper,  the  projecting  end  of  the  (negative)  zinc 
shows  free  negative  electricity,  while  the  free  end  of  the  (positive)  copper  shows  free  positive 
electricit3^  Such  a  combination  of  two  electro-motors  of  the  first  class  with  an  electro-motor 
of  the  second  class  is  called  a  galvanic  battery.  As  long  as  the  two  metals  in  this  fluid  are  kept 
separate,  the  circuit  is  said  to  be  broken  or  open,  but  as  soon  as  the  free  projecting  ends  of  the 
metals  are  connected  outside  the  fluid,  e.g.,  by  a  copper  wire,  the  circuit  or  current  is  made 
or  closed,  and  a  galvanic  or  constant  current  of  electricity  is  obtained.  The  galvanic  current 
lias  resistance  to  encounter  in  its  course,  which  is  called  "conduction  resistance'^  (W).  It  is 
directly  ])roportional — (1)  to  the  length  {I)  of  the  circuit  ;  (2)  and  Avith  the  same  length  of 
circuit,  inversely  as  the  section  {q)  of  the  same;  and  (3)  it  also  depends  on  the  molecular 
properties  of  the  conducting  material  {specific  conduction  resistance  =  s),  so  that  the  conduction 
resistance,  W  =  (s.  I):  q.  The  resistance  to  conduction  increases  with  the  increase  of  the 
temperature  of  the  metals,  but  diminishes  under  similar  conditions  with  fluids. 

Ohm's  Law. — The  strength  of  a  galvanic  current  (S),  or  the  amount  of  electricity  passing 
through  the  closed  circuit,  is  proportional  to  the  electro-motive  force  (E) — or  the  electrical 
tension,  but  inversely  proportional  to  the  total  resistance  to  conduction  (L) — 

So  that  S  =  E  :  L  (Ohm's  Law,  1827). 

The  total  resistance  to  conduction,  however,  in  a  closed  circuit  is  composed  of  (1)  the  resist- 
ance outside  the  battery  ("  extraordinary  resistance  ")  ;  and  (2)  the  resistance  within  the  battery 
itself  ("  essential  resistance  ").  The  specific  resistance  to  conduction  is  very  variable  in  difierent 
substances  :  it  is  relatively  small  in  metals  {e.g.,  for  copper  =  l,  iron  =  6*4,  German  silver  =  12), 
but  very  great  in  fluids  {e.g.,  for  a  concentrated  solution  of  common  salt  6,515,000,  for  a  con- 
centrated solution  of  copper  sulphate  10,963,600). 

Conduction  in  Animal  Tissues. — It  is  also  very  great  in  animal  tissues,  almost  a  million 
times  greater  than  in  metals.  When  a  constant  current  is  applied  to  the  skin  so  as  to  traverse 
the  body,  the  resistance  diminishes  because  of  the  conduction  of  water  in  the  epidermis  undei- 
the  action  of  the  constant  current  (§  290),  and  the  congestion  of  the  cutaneous  blood-vessels  in 
consequence  of  the  stimulation.  But  the  resistance  varies  in  different  parts  of  the  skin,  the 
least  being  in  the  palm  of  the  hand  and  sole  of  the  foot.  The  chief  seat  of  the  resistance  is  the 
epidermis,  for  after  its  removal  by  means  of  a  blister,  the  resistance  is  greatly  diminished.  Dead 
tissue,  as  a  rule,  is  a  Avorse  conductor  than  living  tissues  {Jolly).  When  the  current  is  passed 
transversely  to  the  direction  of  the  fibres  of  a  muscle,  the  resistance  is  nearly  nine  times  as  great 
as  when  the  current  passes  in  the  direction  of  the  fibres — a  condition  which  disappears  in  rio-or 
mortis  {Hermann).  In  nerves,  the  resistance  longitudinally  is  two  and  a  half  million  times 
greater  than  in  mercury,  transversely  about  twelve  million  times  greater  {Hermann).  Tetanus 
and  rigor  mortis  diminish  the  resistance  in  muscle  {du  Bois-Rcymond). 

Deductions,— It  follows  from  Ohm's  law  that— I.  If  there  is  very  great  resistance  to  the 
current  outside  the  battery  [i.e.,  between  the  electrodes],  as  is  the  case  when  a  nerve  or  a  muscle 
lies  on  the  electrodes,  the  strength  of  the  current  can  only  be  increased  by  increasing  the 
number  of  the  electro-motive  elements.  II.  AVhen,  however,  the  extraordinary  resistance  is 
very  small  compared  with  that  within  the  battery  itself,  the  strength  of  the  current  cannot  be 
increased  by  increasing  the  number  of  the  elements,  but  only  by  increasing  the  surfaces  of  the 
plates  in  the  battery. 

Strength  and  Density.— We  must  carefully  distinguish  the  strength  (intensity)  of  the  current 
from  its  density.  As  the  same  amount  of  electricity  always  flows  thronch  any  'criven  transverse 
section  of  the  circuit,  then,  if  the  size  of  the  transverse  section  of  the  Circuit  varies,  the  dec- 
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tricity  must  be  of  greater  dcnsiti/  in  the  narrower  parts,  and  it  is  evident  that  tlie  density  will 
be  less  where  the  transverse  section  is  greater.  Let  S  =  the  strength  of  the  current,  and  q  the 
transverse  section  of  the  given  part  of  the  circuit,  then  the  density  {d)  at  the  latter  part  is 
<i  =  S  :  q. 

If  the  galvanic  current  passing  from  the  positive  pole  of  a  battery  is  divided  into  two  or 
more  streams,  which  are  again  reunited  at  the  other  pole,  then  the  sum  of  the  strength  of  all 
the  streams  is  equal  to  the  strength  of  the  undivided  stream.  If,  however,  the  dilferent  streams 
are  different  as  regards  length,  section,  and  material,  then  the  strength  of  the  current  passing 
in  each  of  the  streams  is  inversely  proportional  to  the  resistance  to  the  conduction. 

Du  Bois-Reymond's  Rheocord.— This  instrument,  constructed  on  the  principle  of  the 
"secondary"  or  "  short  circuit, "  enables  us  to  graduate  the  strength  of  a  galvanic  current  to 
any  required  degree,  for  the  stimulation  of  nerve  and  mu.scle. 
From  the  two  poles  (fig.  379,  a,  b)  of  a  constant  battery,  there 
are  two  conducting  wires  {a,  c  and  d,  b),  which  go  to  tlie 
nerve  of  a  frog's  nerve-muscle  preparation  (F).  The  portion 
of  nerve  (e,  d)  introduced  into  this  circuit  («,  c,  d,  h)  offers 
very  great  resistance.  The  second  stream  or  secondary  circuit 
(a  A,  b  B)  conducted  from  a  and  b  passes  through  a  thick 
bra.ss  plate  (A,  B),  consisting  of  .seven  pieces  of  brass  (1  to  7) 
placed  end  to  end,  but  not  in  contact.  They  can  all,  with 
the  exception  of  1  and  2,  be  made  to  form  a  continuous 
conductor  by  placing  in  the  spaces  between  them  the  brass 
plugs  (Sj  to  S5).  Evidently,  with  the  arrangement  shown 
in  fig.  379,  only  a  minimal  part  of  the  current  will  pass 
through  the  nerve  (c,  d),  owing  to  the  very  great  resistance 
in  it,  while  by  far  the  greatest  part  will  pass  through  the 
good  conducting  medium  of  brass  (A,  L,  B).  If  new  resist- 
ance be  introduced  into  this  circuit,  then  the  a,  c,  d,  b 
stream  will  be  strengthened.  This  resistance  can  be  intro- 
duced into  the  latter  circuit  by  means  of  the  thin  wires 
marked  I  a,  I  b,  I  c,  II,  V,  X.  Suppose  all  the  brass  plugs 
from  Sj  to  S5  to  be  removed,  then  the  current  entering  at 
A  must  traverse  the  whole  system  of  thin  wires.  Thus, 
there  is  more  resistance  to  the  passage  of  this  current,  so 
that  the  current  tlirough  the  nerve  must  be  strengthened. 
If  only  one  brass  plug  be  taken  out,  then  the  current  passes 
through  only  the  corresponding  length  of  wire.  The  resist- 
ances offered  by  the  different  lengths  of  wire  from  I  a  to 
X  are  so  arranged  that  1  a,  1  b,  and  I  c  each  represents  a 
unit  of  resistance  ;  II,  double  ;  V,  five  times  ;  and  X,  ten 
times  the  resistance.  The  length  of  wire,  I  a,  can  also  be 
shortened  by  the  movable  bridge  (L)  [coinposetl  of  a  small 
tube  filled  with  mercury,  through  which  the  wires  pass], 
the  scale  (x,  y)  indicating  the  length  of  the  resistance  wires. 
It  is  evident  that,  by  means  of  the  bridge,  and  by  the 
method  of  using  the  brass  plugs,  the  apparatus  can  be 
graduated  to  yield  very  variable  currents  for  stimulating 
nerve  or  muscle.  "When  the  bridge  (L)  is  pushed  hard  up  to  1  and  2,  the  current  jiasses 
directly  from  A  to  B,  and  not  through  the  thin  wires  [la). 

The  rheostat  is  another  instrument  used  to  vary  the  resistance  of  a  galvanic  current 
(  Whealsloiic). 

327.  ACTION  OF  THE  GALVANIC  CURRENT  ON  A  MAGNETIC  NEEDLE— GAL- 
VANOMETER.— In  1820,  Oerstedt  of  Copenhagen  found  that  a  magnetic  needle,  suspended  in 
the  magnetic  meridian,  was  deflected  by  a  constant  current  of  electricity  passed  along  a  wire 
parallel  to  it.  [The  side  to  which  the  north  pole  is  deflected  depends  upon  the  direction  of  the 
current,  and  whether  it  passes  above  or  below  the  needle.] 

Ampere's  Rule. —Ampere  has  given  a  simple  rule  for  determining  the  direction.  If  an 
observer  be  placed  parallel  to  and  facing  the  needle,  and  if  the  current  be  passing  from  his  feet 
to  his  head,  then  the  north  pole  of  the  needle  will  always  be  deflected  to  the  left,  and  the  south 
pole  in  the  opposite  direction.  The  effect  exerted  by  the  constant  current  acts  always  in  a 
flirection  towards  the  so-called  electro-magnetic  plane.  The  latter  is  the  idane  jiassing  through 
tiie  north  pole  of  the  needle,  and  two  jioints  in  the  straight  wire  running  parallel  with  the 
needle.  The  force  of  the  constant  current,  which  causes  the  deflection  of  the  magnetic  needle, 
is  proportional  to  the  sine  of  the  angle  between  the  electro-magnetic  ])lane  and  the  plane  of 
vibration  of  the  needle. 

Multiplicator.  — The  deflection  of  the  needle  caused  by  the  constant  current  may  be  increased 


Fig.  379. 

Si  heme  of  du  Bois-Reymond's 
rheocoi'd. 


544 


GALVANOMETEK. 


on  this 
of  tlie 


bv  coiliiif'  the  couducting  wire  many  times  in  the  same  direction  on  a  rectangular  fiame, 
or  merely  around  and  in  the  same  direction  as  tlie  needle,  [i)rovided  that  each  turn 
of  the  wire  be  properly  insulated  from  the  other].  An  instrument  construct 
principle  is  called  a  multiplicator  or  multiplier.  The  greater  the  number  of  turns 
wire  the  rrreater  is  the  angle  of  deflection  of  the  needle,  although  the  deflection  is  not  directly 
proportioiTal,  as  the  several  turns  or  coils  are  not  at  the  same  distance  from,  or  m  the  same 
position  as,  the  needle.  By  means  of  the  multiplier  we  may  detect  the  presence  [and  also  the 
amount  and  direction]  of  feeble  currents.  [The  instrument  is  now  termed  a  galvanometer  J 
Experience  has  shown  that,  when  great  resistance,  (as  in  animal  tissues),  is  opposed  to  the  weak 
o-alvanic  currents,  we  must  use  a  very  large  number  of  turns  of  thin  wire  round  the  needle,  it, 
however,  the  resistance  in  the  circuit  is  but  small,  e.g.,  in  thormo-electrical  arrangements,  a  lew 
turns  of  a  thick  wire  round  the  needle  are  sufficient.  The  multiplier  may  be  made  more  sensitive 
by  ivcakening  the  magnetic  directive  force  of  the  needle,  which  keeps  it  pointing  to  the  north.  _ 

Galvanometer  and  Astatic  Needles.— In  the  multiplier  of  Schweigger,  used  for  physiological 
purposes,  the  tendency  of  the  needle  to  point  to  the  north  is  greatly  weakened  by  using  the 
'    ^  astatic  needles  of  Nobili.    [A  multiplier 

or  galvanometer  with  a  single  magnetic 
needle  always  requires  comparatively 
strong  currents  to  deflect  the  needle. 
The  needle  is  continually  acted  upon  by 
the  directive  magnetic  influence  of  the 
earth,  which  tends  to  keep  it  in  the 
magnetic  meridian,  and,  as  soon  as  it  is 
moved  out  of  the  magnetic  meridian, 
the  directive  action  of  the  earth  tends 
to  bring  it  back.  Hence,  such  a  simple 
form  of  galvanometer  is  not  sufficiently 
sensitive  for  detecting  feeble  currents. 
In  1827,  Xobili  devised  an  astatic  com- 
bination of  needles,  whereby  the  action 
of  the  earth's  magnetism  was  dimin- 
ished.] Two  similar  magnetic  needles 
are  united  by  a  solid  light  piece  of  horn 
[or  tortoise  shell],  and  are  so  arranged 
that  the  north  pole  of  the  one  is  placed 
over  or  opposite  to  the  south  pole  of  the 
other  (fig.  380).  [If  both  needles  are 
equally  magnetised,  then  the  earth's 
influence  on  the  needle  is  neutralised, 
so  that  the  needles  no  longer  adjust 
themselves  in  the  magnetic  meridian  ; 
hence,  such  a  system  is  called  astatic] 
As  it  is  impossible  to  make  both  needles 
of  absolutely  equal  magnetic  strength, 
one  needle  is  always  stronger  than  the 
other.    The  dilTerence,  however,  must 
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not 


be  so  great 


that  the  stronger  needle 


points  to  the  north,  but  only  that  the 
freely  suspended  system  of  needles  forms 
a  certain  angle  with  the  magnetic  me- 
ridian, into  which  position  the  system 
always  swings  after  it  is  deflected  from 


Fig.  380. 

Scheme  of  the  galvanometer, 
suspended  by  the  silk  fibre, 

able  electrodes,  containing  zinc  sulphate  solution, 
6',  and  pads  of  blotting  paper,  b,  covered  with  clay, 
t,  t,  on  which  the  muscle,  M,  is  placed ;  II  and  III, 
arrangement  of  the  muscle  on  the  electrodes;  IV, 
non-polarisable  electrodes ;  Z,  zinc  wire ;  K,  cork  ; 
a,  zinc  sulphate  solution  ;  t,  t,  clay  points. 

this  position.  This  angular  deviation  of  the  astatic  system  towards  the  magnetic  meridian  is 
called  the  "  free  deviation."  The  more  perfectly  an  astatic  condition  is  reached,  the  nearer  does 
the  angle  formed  by  the  direction  of  the  free  deviation  with  the  magnetic  meridian  become  a 
right  angle.  The  greater,  therefore,  the  astatic  condition,  the  fewer  vibrations  will  the  astatic 
system  make  in  a  given  time,  after  it  has  been  deflected  from  its  position.  The  duration  of 
each  single  vibration  is  also  very  great.  [Hence,  when  using  a  galvanometer,  and  adjusting  its 
needle  to  zero,  if  the  magnets  dance  about  or  move  quickly,  then  the  system  is  not  sensitive, 
but  a  sensitive  condition  of  the  needles  is  indicated  by  a  slow  period  of  oscillation.] 

In  making  a  galvanometer,  the  turns  of  the  wire  must  have  the  same  direction  as  the  needles. 
In  Nobili's  galvanometer,  as  improved  by  du  Bois-Reymond,  the  upper  needle  swings  above  a 
card  divided  into  degrees  (fig.  380),  on  which  the  extent  of  its  deflection  may  be  read 'off.  Even 
the  purest  copper  wire  used  for  the  coils  round  the  needles  always  contains  a  trace  of  iron,  which 
e.xerts  an  influence  upon  the  needles.  Hence,  a  small  fixed  directive  or  compensatory  magnet 
(r)  is  placed  near  one  of  the  poles  of  the  upper  needle  to  compensate  for  the  action  of  the  iron 
on  the  needles. 
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328.  ELECTROLYSIS,  POLARISATION,  BATTERIES. —Electrolysis. —Every  galvanic 
(Uirreut  which  traverses  a  tluiil  conductor  causes  decouiposiiiou  or  electrolysis  of  the  fluid.  The 
decomposition-products,  called  -'ions,"  accumulate  at  the  poles  (electrodes)  in  the  Huid,  the 
jiositive  pole  (  + )  beiug  called  the  anode  [avd,  up,  dShs,  a  way],  the  negative  pole  (  -  )  the  cathode 
(koto,  down,  dShs,  a  way).  The  anions  accumulate  at 'the  anode  and  the  kations  at  the 
cathode. 

Transition  Resistance. — "When  the  decomposition-products  accumulate  upon  tlie  electrodes, 
by  their  presence  they  either  increase  or  diminish  the  resistance  to  the  electrical  current.  This 
is  called  transition  resistance.  If  the  resistance  within  the  battery  is  thereby  increased,  the 
transition_ resistance  is  said  to  ho  positive;  if  diminished,  ne(]ative. 

Galvanic  Polarisation. — The  ions  accumulated  on  the  electrodes  may  also  vary  the  strength 
of  the  current,  by  developing  between  the  anions  and  kations  a  new  galvanic  current,  just  as 
occurs  between  two  different  bodies  connected  by  a  fluid  medium.  This  phenomenon  is  called 
yalvanic  jwlarisation.  Thus,  when  water  is  decomposed,  the  electrodes  being  of  platinum,  the 
oxygen  (negative)  accumulates  at  the  +  pole,  and  the  hydrogen  (positive)  at  the  -  pole.  Usually 
the  polarisation  current  has  a  direction  opposite  to  the  original  current ;  hence,  we  speak  of 
negative  polarisation.  AVhen  the  two  currents  have  the  same  direction,  positive  jmlarisation  ob- 
tains.   Of  course,  transition  resistance  and  polarisation  may  occur  together  during  electrolysis. 

Test. — Polarisation,  when  present,  may  be  so  slight  as  not  to  be  visible  to  the  eye,  but  it 
may  be  detected  thus : — After  a  time  exclude  the  pri- 
mary source  of  the  current,  especially  the  element  con- 
nected with  the  electrodes,  and  place  the  free  projecting 
end  of  the  electrodes  in  connection  with  a  galvano- 
meter, which  will  at  once  indicate,  by  the  deflection 
of  its  needle,  the  presence  of  even  the  slightest  polarisa- 
tion. 

Secondary  Decompositions. — The  ions  excreted  dur- 
ing electrolysis  cause,  especially  at  their  moment  of 
formation,  secondary  decompositions.  With  platinum 
electrodes  in  a  solution  of  common  salt,  chlorine  ac- 
cumulates at  the  anode  and  sodium  at  the  cathode,  but 
the  latter  at  once  decomposes  the  water,  and  uses  the 
oxygen  of  the  water  to  oxidise  itself,  while  the  hydro- 
gen is  deposited  secondarily  upon  the  cathode.  The 
amount  of  polarisation  increases,  although  only  to  a 
slight  extent,  with  the  strength  of  the  current,  while 
it  is  nearly  proportional  to  the  increase  of  the  temjjera- 
ture.  The  attempts  to  get  rid  of  polarisation,  which 
obviously  must  very  soon  alter  the  strength  of  the 
galvanic  current,  have  led  to  the  discovery  of  two  im- 
portant arrangements,  viz.,  the  construction  of  constant 
galvanic  batteries,  and  non-polarisable  electrodes  {du 
Bois-Ileymond). 

Constant  Batteries,  Elements,  or  Cells.  — A  perfectly 
constant  element  produces  a  constant  current,  i.e.,  one 
remaining  of  equal  strength,  by  the  ions  produced  by  -p-  ggj 

the  electrodes  being  got  rid  of  the  moment  they  are  ^'     ,  * 

formed,  so  that  they  cannot  give  rise  to  polarisation.  Large  Grove  s  cell. 

For  this  purpose,  each  of  the  substances  from  the  tension  series  used  is  placed  in  a  special 
fluid  (§  326),  both  fluids  being  separated  by  a  porous  septum  (porcelain  cylinder). 

Grove's  cell  has  two  metals  and  two  fluids  (lig.  381).  The  zinc  is  in  the  form  of  a  roll  placed  in 
dilute  sulphuric  acid  [1  acid  to  7  of  water,  which,  is  (;ontained  in  a  glass,  porcelain,  or  ebonite  vessel]. 
The  platinum  is  in  contact  with  strong  nitric  acid,  [which  is  contained  in  a  porous  cell  placed 
inside  the  roll  of  zinc].  The  0,  formed  by  the  electrolysis  and  deposited  on  the  zino  plate,  forms 
zinc  oxide,  which  is  at  once  dissolved  by  the  sulphuric  acid.  The  hydrogen  on  the  platinum 
unites  at  once  with  the  nitric  acid,  which  gives  up  0  and  forms  nitrous  acid  and  water,  thus — 

[Ho  +  HNO3  =  HN-Q,,  -f  H.O.  ] 
[Platinum  is  the  +  pole,  and  zinc  the  -  .] 

[Grove's  battery  is  very  powerful,  but  the  nitrous  fumes  are  very  disagreeable  and  irritating; 
hence  these  elements  should  be  kept  in  a  special  well-ventilated  recess  in  the  laboratory,  in  an 
evaporating  chamber,  or  under  glass.    The  fumes  also  attack  instruments.] 

Bunsen's  ceU  is  similar  to  Grove's,  only  a  piece  of  compressed  carbon  is  substituted  for  the 
platinum  in  contact  with  the  nitric  acid. 

[The  carbon  is  the  +  pole,  the  zinc  the  -  .] 
[Daniell's  cell  consists  of  an  outer  vessel  of  glass  or  earthenware,  and  sometimes  of  metallic 
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copper,  filled  with  a  saturated  solution  of  enpric  sulphate  (fig.  382).  A  roll  of  copper,  perforated 
with  a  few  holes,  is  placed  in  the  copper  solution,  and  in  order  that  the  latter  be  kept  saturated, 

and  to  supply  the  place  of  the  copper  used  up  by  the  batter}'-  when  in 
action,  there  is  a  small  shelf  on  the  copper  roll,  on  which  are  placed 
crystals  of  cupric  sulphate.  A  porous  earthenware  vessel  containing 
zinc  in  contact  with  dilute  sulphuric  acid  (1  :  7)  is  placed  within  the 
copper  cylinder.  When  the  circuit  is  completed,  the  zinc  is  acted  on, 
zinc  sulphate  being  formed,  and  hydrogen  liberated.  The  hydrogen  in 
statu  nascendi  passes  through  the  porous  cell,  reduces  the  cupric  sulphate 
to  metallic  cop])ei-,  which  is  precipitated  on  the  copper  cylinder,  so  that 
the  latter  is  always  kept  bright  and  clean.  Tlie  liberated  sulphuric 
acid  replaces  that  in  contact  with  the  zinc.    Owing  to  the  absence  of 

    polarisation,  the  Daniell  is  one  of  the  most  constant  batteries,  and  is 

>^iuiiiiiiiiiiiiiiiiiiiniiiiiii.,i,,H,iiiiii,iiii!i'    generally  taken  as  the  standard  of  comparison.] 
>ig.  382.  j-rpj^g  copper  is  the  +  pole,  zinc  the  -  .] 

^Dauiell  s  cell.  [Smee's  cell  contains  only  one  fluid,  viz.,  dilute  sulphuric  acid 

(1  :  7),  in  which  the  two  metals,  zinc  and  platinum,  or  zinc  and  platinised  silver,  are  jilaced. 

The  platinum  is  the  +  pole,  and  zinc  the  -  .] 
[Grennet's  or  the  Bichromate  cell  consists  of  one  plate  of  zinc  and  two  plates  of  compressed 
carbon  in  a  fluid,  containing  bichromate  of  potash,  sulphuric  acid,  and  water.    The  fluid  con- 
sists of  1  part  of  potassium  bichromate 
dissolved  in  8  parts  of  water,  to  which 
one  part  of  sulphuric  acid  is  added. 
Measure  by  weight.    The  cell  consists  -^ssJ^ 
of  a  wide-mouthed  glass  bottle  (fig. 


Fig. 


glass  vessel;  K,  K,  carbon;  Z,  zinc: 


384. 

D,  E,  binding  screws  for 


J^'ig.  383. 
383.— Grennet's  cell.  A, 

the  wires  ;  V,  rod  to  raise  the  zinc  from  the  fluid  ;  C,  screw  to  fix  B.  Fie  384  — 
Leclanche  s  cell.  A  outer  vessel ;  T,  porous  cylinder,  containing  K,  carbon:  BTbindincr 
screw  ;  Z,  zinc  ;  C,  binding  screw  of  negative  pole.  "muiu^, 

383)  ;  the  carbons  remain  in  the  fluid,  while  the  zinc  can  be  raised  or  depressed  Wbpn 
not  in  action,  the  zinc,  which  is  attached  to  a  rod  (P,)  is  lifted  out  of  tho  Tifl     tV  ;c  . 
very  constant  battery.    When  in  action,  the  zinc  is  acted  o  i   y  ?  e  sulphuric  aH.l  l.v  1  ^ 
being  liberated,  which  reduces  the  l)ichromate  of  potash  ^        sulphuric  acid,  hjdrogen 

The  carbon  is  the  -f  pole,  and  the  zinc  the  -  ] 
fLeclanche'8  cell  (fig.  384)  consists  of  an  outer  glass  vessel  containing  zinc  in  a  solution  of 
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ammonium  chloride,  M'hile  the  porous  cell  contains  compressed  carbon  in  a  fluid  mixture  of 
oiack  oxule  of  manganese  and  carbon.  It  is  most  frequently  used  for  electric  bells,  as  its  feeble 
current  lasts  for  a  long  time.  ^  ^ 

The  carbon  is  the  +  pole,  and  the  zinc  the  -  .] 
Non-polarisable  Electrodes.— If  a  constant  current  be  applied  to  moist  animal  tissues,  e.g., 


Fij 


Fig,  385 

.  385.— Non-polarisable  electrode  of  du  Bois-ReymonJ, 
clay  point — the  whole  on  a  universal  joint.    Fig.  386. 


Fig.  386. 
Z,  zinc  ;  H,  movable  support ;  C, 
-Brush  electrodes  of  v.  Fleischl. 


nerve  or  muscle,  by  means  of  ordinary  electrodes  composed  either 
coui'se  electrolysis  must  occur,  and  in  consequence  thereof 
polarisation  takes  place.  In  order  to  avoid  this,  non-polaris- 
able electrodes  (figs.  380,  385)  are  used.  Such  electrodes  are 
made  by  taking  two  pieces  of  carefully  amalgamated,  pure, 
zinc  wire  (~,  z),  and  dipping  these  in  a  saturated  solution  of 
zinc  sulphate  contained  in  tubes  {a,  a),  whose  lower  ends  are 
closed  by  means  of  modeller's  clay  {t,  t),  moistened  with  0  '6 
per  cent,  normal  saline  solution.  The  contact  of  the  tissues 
with  these  electrodes  does  not  give  rise  to  polarity.  [The 
brush  electrodes  of  v.  Fleischl  are  very  serviceable  (tig.  386). 
The  lower  end  of  the  glass  tube  is  plugged  with  a  camel-hair 
pencil,  moistened  with  modeller's  clay,  otherwise  the  arrange- 
ment is  the  same  as  shown  in  fig.  380,  IA\] 

Arrangement  for  the  Muscle-  or  Nerve -Current. — In  order 
to  investigate  the  electrical  currents  of  nerve  or  muscle,  the 
tissue  must  be  placed  on  uon-polarisable  electrodes,  which  may 
either  be  one  of  the  forms  described  above,  or  the  original  form 
used  by  du  Bois-Reymond  (fig.  380).  The  last  consists  of  two 
zinc  troughs  (;?,  p)  thoroughly  amalgamated  inside,  insulated  on 
vulcanite,  and  filled  with  a  saturated  solution  of  zinc  sulphate 
(*,  s).  In  each  trough  is  placed  a  thick  pad  or  cushion  of 
white  blotting  i)aper  {h,  h)  saturated  with  the  same  fluid  [de- 
living  cushions].  [The  cushion  consists  of  many  layers,  almost 
sufllcient  to  fill  the  trough,  and  they  are  kept  together  by  a 
thread.  To  prevent  the  action  of  the  zinc  sulphate  upon  the 
tissue,  each  cushion  is  covered  with  a  tliin  layer  of  modeller's 
clay  {t,  t),  moistened  with  0-6  per  cent,  saline  solution,  which 
is  a  good  conductor  [clay  guard].  The  clay  guard  prevents 
the  action  of  the  solution  upon  the  tissue.  Connected  with 
the  electrodes  are  a  pair  of  binding  screws,  whereby  the  appa- 
ratus is  connected  with  the  galvanometer  (fig.  380). 

[Reflecting  Galvanometer.— The  form  of  galvanometer, 
used  in  this  country  for  jihysiological  purposes,  is  that  of  Sir 
William  Thomson  (fig.  387).  In  Germany,  Wiedemann's  form 
is  more  commonly  used.  In  ,  Thomson's  instrument,  the 
astatic. needles  are  very  light,  and  connected  to  each  other 
by  a  piece  of  aluminium,  and  each  set  of  needles  is  surrounded 
by  a  separate  coil  of  wire,  the  lower  coil  [l)  winding  in  a 
ciirection  opposite  to  that  of  the  upper  (;().  A  small,  round, 
\i"\xt,  slightly  concave  mirror  is  fixed  to  the  upper  set  of 


of  copper  or  platinum,  of 


Fig. 


Thomson's 
meter,  n 

s,  s. 
net 


387. 

reflecting  galvano- 
upper,  I,  lower  coil  ; 

wi,  mag- 
on  a  brass  support,  b. 


levelling  screws 


needles.     The  needles  are  sus- 


pended by  a  delicate  silk  fibril,  and  they  can  be  raised  or  lowered  as  required  by  means  of  a 
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sedles 


vings  freely, 
base,  which 


scale  (fig 


small  milled  head.    When  the  milled  head  is  raised   the  system  of 
The  coils  are  protected  by  a  glass  shade   and  the  whole  stands  on  a  ^  u  canlte 
is  levelled  by  three  screws  (s,  s).    On  a  brass  rod  (b)  is  a  feeble  magnet  (hi),  ^vhich  is  used  to 
give  an  artilial  meridian.    The  magnet  (m)  can  be  raised  or  lowered  by  means  of  a  milled 

^^Tiiainp  and  Scale.— When  the  instrument  is  to  be  used,  place  it  so  that  the  coils  face  east  and 
west  At  3  feet  distant  from  the  front  of  the  galvanometer,  facing  we.st,  is  placed  the  lamp  ami 
388)  There  is  a  small  vertical  slit  in  front  of  the  lamp,  and  the  image  ot  this  sUt  is 
projected  on  the  mirror  attached  to  the  upper  needles,  and  liy  it 
is  reflected  on  to  the  paper  scale  fixed  just  above  the  slit.  The 
spot  of  light  is  focussed  at  zero  by  means  of  the  magnet,  vi. 
The  needles  are  most  seusiti^•e  when  the  oscillations  occur 
slowly.  The  sensitiveness  of  the  needles  can  be  regulated  by 
means  of  the  magnet.  In  every  case  the  instrument  must  be 
quite  level,  and  for  this  purpose  there  is  a  small  spint-level  in 
the  base  of  the  galvanometer.]  _  _ 

[Shunt. — As  the  galvanometer  is  very  delicate,  it  is  con- 
venient to  have  a  shunt  to  regulate  to  a  certain  extent  the 
amount  of  electricity  transmitted  through  the  galvanometer. 
The  shunt  (fig.  389)  consists  of  a  brass  box  containing  coils  of 
German  silver  wire,  and  is  constructed  on  the  same  principle  as 
resistance  coils  or  the  rheoeord  (§  326).  On  the  upper  surface 
of  the  box  are  several  plates  of  brass  separated  from  each  other, 
like  those  of  the  rheoeord,  but  which  can  be  united  by  brass 
plugs.  The  two  wires  coming  from  the  electrodes  are  connected 
Lamp  and  scale  for  Thomson's  y^.^^f^  ^\^^,  |-„o  binding  screws,  and  from  the  latter  two  wires  are 
galvanometer.  to  the  outer  two  binding  screws  of  the  galvanometer.  By 

placing  a  plug  between  the  brass  plates  attached  to  the  two  binding  screws  in  the  figure,  the 
current  is  short-circuited.  On  removing  both  plugs,  the  whole  of  the  current  must  pass 
through  the  galvanometer.  If  one  plug  be  placed  between  the  central  disc  of  brass  and  the 
plate  marked  i,  (the  other  being  left  out),  then  Vuth  of  the  current  goes  through  the  galvano- 
meter and  x'Vths  to  the  electrodes.  If  the  plug  be  placed  as  shown  iii 
the  figure  opposite 
vanometer,  while 

opposite  T^iir,  only  toV"*^^  P^^*  ^oes  through  the  galvanometer.] 

Internal  Polarisation  of  Moist  Bodies. — Nerves  and  muscular  fibres, 
the  juicy  parts  of  vegetables  and  animals,  fibrin,  and  other  similar  bodies 
]io.ssessing  a  porous  structure  filled  with  ifluid,  exhibit  the  phenomena  of 
polarisation  when  subjected  to  strong  currents — a  condition  termed 
internal  polarisation  of  moist  bodies  by  du  Bois-Eeymond.  It  is  assumed 
that  the  solid  parts  in  the  interior  of  these  bodies  which  are  better 
conductors,  produce  electrolysis  of  the  adjoining  fluid,  just  like  metals 
in  contact  with  fluid.  The  ions  produced  by  the  decomposition  of  the 
internal  fluids  give  rise  to  diff"erences  of  potential,  and  thus  cause  in- 
ternal polarisation  (§  333). 

Cataphoric  Action. — If  the  two  electrodes  from  a  galvanic  battery 
be  placed  in  the  two  compartments  of  a  fluid,  separated  from  each  other 
by  a  porous  septum,  we  observe  that  the  fluid  particles  pass  in  the 
direction  of  the  galvanic  current,  from  the  -f  to  the  -  pole,  so  that 
after  some  time,  the  fluid  in  the  one  half  of  the  vessel  increases,  while  it 
diminishes  in  the  other.  The  phenomena  of  direct  transference  were 
called  by  du  Bois-Reymond  the  cata2)horic  action  of  the  constant  ctirrent.  The  introduction  of 
dissolved  substances  through  the  skin  by  means  of  a  constant  current  depends  upon  this  action 
(§  290),  and  so  does  the  so-called  Porret's  phenomenon  in  living  muscle  (§  293,  I.,  h). 

External  Secondary  Eesistance. — This  condition  also  depends  on  cataphoric  action.  If  the 
copper  electrodes  of  a  constant  battery  be  placed  in  a  vessel  filled  with  a  solution  of  cupric 
sulphate,  and  from  each  electrode  there  project  a  cushion  saturated  with  this  fluid,  then,  on 
placing  a  piece  of  muscle,  cartilage,  vegetable  tissue,  or  even  a  prismatic  strip  of  coagulated 
albumin  across  these  cushions,  we  observe  that,  very  soon  after  the  circuit  is  closed,  there  is 
a  considerable  variation  of  the  current.  If  the  direction  of  the  current  be  reversed,  it  first 
becomes  stronger,  but  afterwards  diminishes.  By  constantly  altering  the  direction  of  the 
current  we  cause  the  same  changes  in  the  intensity.  If  a  prismatic  strip  of  coagulated  albumin 
be  used  for  the  experiment,  we  observe  that,  simultaneously  with  the  enfeeblenient  of  the 
current  in  the  neighbourhood  of  the  +  pole,  the  albumin  loses  water  and  becomes  more 
shrivelled,  while  at  the  -  pole  the  albumin  is  swollen  up  and  contains  more  water.  If  the 
direction  of  the  current  be  altered,  the  phenomena  are  also  changed.  The  shrivelling  and 
removal  of  water  in  the  albumin  at  the  positive  pole  must  be  the  cause  of  the  resistance  in  the 


TiV,  then  ihj^h  part  of  the  current  goes  to  the  gal- 
fy*Tfths  are  short-circuited.     If  the  plug  be  placed 


Fig.  389. 
Shunt  for  galvano- 
meter. 
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circuit,  which  explains  the  enfeeblemeut  of  the  galvanic  eunent.  This  phenomenon  is  called 
"  external  secondary  resistance  "  {du  Bois-EcymoHci). 

329.  INDUCTION— EXTRA-CURRENT— MAGNETIC-INDUCTION.— Induction  of  the 
Extra-CiUTent.— If  a  galvanic  element  is  closed  by  means  of  a  short  arc  of  wire,  at  the  moment 
the  circuit  is  again  opened  or  broken,  a  sHght  spark  is  observed.  If,  however,  the  circuit  is 
made  or  closed  by  means  of  a  very  long  wire  rolled  in  a  coil,  then  on  breaking  the  circuit  there 
IS  a  stiwir/  spark.  It  the  wires  be  connected  with  two  electrodes,  so  that  a  person  can  hold  one 
in  each  hand,  the  current  at  the  moment  it  is  opened  must  pass  through  the  person's  body, 
then  there  is  a  violent  shock  communicated  to  the  hand.  Tliis  phenomenon  is  due  to  a  current 
induced  in  the  long  spiral  of  wire  which  Faraday  colled  the  extra-ciirrent.  It  is  caused  thus  : 
—When  the  circuit  is  closed  by  means  of  the  spiral  wire,  the  galvanic  current  passing  along  it 
excites  an  electric  current  in  the  adjoining  coils  of  the  same  spiral.  At  the  moment  of  closing 
or  making  the  circuit  in  the  spiral,  the  induced  current  is  in  the  opposite  direction  to  the 
galvanic  current  in  the  circuit  ;  hence  its  strength  is  lessened,  and  it  causes  no  shock.  At 
the  moment  of  opening,  however,  the  induced  current  has  the  same  direction  as  the  galvanic 
stream,  and  hence  its  action  is  strengthened. 

Magnetisation  of  Iron.— If  a  rod  of  soft  iron  be  placed  in  the  cavity  of  a  spiral  of  copper 
wire,  then  the  soft  iron  remains  magnetic  as  long  as  a  galvanic  current  circulates  in  the 
spiral.  If  one  end  of  the  iron  rod  be  directed  towards  the  observer,  and  the  other  away  from 
him,  and  if,  further,  the  positive  current  traverse  the  spiral  in  the  same  direction  as  the 
hands  of  a  clock,  then  the  end  of  the  magnet  directed  towards  the  person  is  the  negative  pole 
of  the  magnet.  The  power  of  the  magnet  depends  upon  the  number  of  spiral  windings,  and  on 
the  thickness  of  the  iron  bar.  As  soon  as  the  current  is  opened,  the  magnetism  of  the  iron 
rod  disappears. 

Induced  or  Faradic  Current.- If  a  very  lon<j,  insulated,  wire  be  coiled  into  the  form  of  a 
spiral  roll,  whieli  we  may  call  the  secondary  spiral,  and  if  a  similar  spiral,  the  primary  spiral, 
be  placed  near  the  former,  and  the  ends  of  the  wire  of  the  primary  spiral  be  connected  with 
the  poles  of  a  constant  battery,  every  time  the  current  in  the  primary  circuit  is  made  (closed), 
or  broken  (opened),  a  current  takes  place,  or,  as  it  is  said,  is  induced  in  the  secondary  spiral. 
If  the  primary  circuit  be  kept  closed,  and  if  the  secondaiy  spiral  be  brought  nearer  to,  or 
removed  further  from,  the  primary  spiral,  a  current  is  also  induced  in  the  secondary  s])iial 
(Faraday,  1832).  The  current  in  the  secondary  circuit  is  called  the  induced  or  Faradic 
current.  When  the  primary  circuit  is  dosed,  or  when  the  two  spirals  are  brought  nearer  to 
each  other,  the  current  in  the  secondary  spiral  has  a  direction  opposite  to  that  in  the  primary 
spiral,  while  the  current  produced  by  ope-iihuj  the  primary  circuit,  or  by  removing  the  syiirals 
further  apart,  has  the  same  direction  as  the  primary.  During  the  time  the  primary  circuit  is 
closed,  or  when  both  spirals  remain  at  the  same  distance  from  each  other,  there  is  no  current  in 
the  secondary  spiral. 

Difference  between  the  Opening  [break]  and  Closing  [make]  Shocks.  — The  opening  and  closing 
shocks  in  the  secondary  spiral  are  distinguished  from  each  other  in  the  following  respects  (tig. 
390)  : — The  amount  of  electricity  is  the  same,  during  the  opening,  as  during  the  closing  shock, 
but  during  the  opening  shock,  the  electricity  rapidly  reaches  its  maximum  of  intensity  and 
lasts  but  a  short  time,  while  during  the  closing  shock,  it  gradually  increases,  but  does  not 
reach  the  high  maximum,  and  this  occurs  more  slowly.  [In  fig.  390,  Pj  and  S,,  are  the  abscissae 
of  the  ])rimary  (inducing)  and  induced  currents  respectively.  The  vertical  lines  or  ordinate.s 
represent  the  intensity  of  the  current,  while  the  length  of  the  abscissa  indicates  its  duration. 
Curve  1  indicates  the  course  of  the  primary  current,  and  2,  that  in  the  secondary  s]nral 
(induced)  when  the  current  is  closed,  while  at  I  the  primary  current  is  suddenly  opened,  when 
it  gives  rise  to  the  induced  current,  4,  in  the  secondary  spiral.]  The  cause  of  the  dilterence  is 
the  following  : — When  the  primary  circuit  is  closed,  there  is  developed  in  it  the  extra-current, 
which  is  opposite  in  direction  to  the  primary  current.  Hence,  it  opposes  considerable  resistance 
to  the  complete  development  of  the  strength  of  the  primary  current,  so  tliat  the  current  induced 
in  the  secondary  spiral  must  also  develop  slowly.  13ut  when  the  primary  spiral  is  opened,  the 
extra-current  in  the  latter  has  the  same  direction  as  the  primary  current — there  is  no  extra 
resistance.  The  rapid  and  intense  action  of  the  opening  inchiction  shock  is  of  great  physio- 
logical importance. 

Break  or  Opening  Shock. — [On  applying  a  simjle  induction  shock  to  a  nerve  or  a  muscle,  the 
effect  is  greater  with  the  break  or  openiiu/  shock.  If  the  secondary  spiral  be  separated  froiu  the 
primary ,°so  that  the  induced  currents  are  not  sufficient  to  cause  contraction  of  a  muscle  when 
applied  to  its  motor  nerve,  then,  on  gradually  approximating  the  secondary  to  the  primary 
spiral,  the  break  or  opcni'iuj  shock  will  cause  a  contraction  before  the  closing  one  does  so.] 

Helmholtz's  Modification. — Under  certain  circumstances,  it  is  desirable  to  equalise  the  make 
and  break  shocks.  This  may  be  done  by  greatly  weakening  the  e.xtra-current,  wdiich  may  be 
accomplished  by  making  the  primary  .spiral  of  only  a  few  coils  of  wire.  V.  Helmholtz 
accomplishes  the  same  result  by  introducing  a  secondary  circuit  into  the  primary  current.  By 
this  arrangement  the  current  in  the  primary  spiral  never  completely  disappears,  but  by 
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alternately  making  and  breaking  this  secondarj'  circuit  where  the  resistance  is  much  less,  it  is 
alternately  weakened  anil  strengthened. 

[In  fig.'sta  a  wire  is  introduced  between  a  and/,  wliile  the  binding  screw,  /,  is  separated 
from  the  platinum  contact,  c,  of  Neel's  hammer,  but,  at  the  same  time  the  screw,  d,  is  raised  so 
that  it  touches  Neef  s  hammer.    The  current  passes  from  the  battery,  K,  through  the  pillar,  a, 


Fig.  390. 

Fig.  390. — Scheme  of  the  induced  currents.  Pj,  abscissa  of  the  primary,  and  Sy,  of  the  secondary 
current  ;  A,  beginning,  and  end  of  the  inducing  current  ;  1,  curve  of  the  primary 
current  weakened  by  the  extra-current  ;  3,  where  the  primary  current  is  opened ;  2  and  4. 
corresponding  currents  induced  in  the  secondary  spiral;  P.^,  height,  i.e.,  the  strength  of 
the  constant  inducing  current;  5  and  7,  the  curve  of  the  inducing  current  when  it  is 
opened  and  closed  during  Helmholtz's  modification  ;  6  and  8,  the  corresponding  currents 
induced  in  the  secondary  circuit.  Fig.  391. — Helmholtz's  modification  of  Neef's  hammer. 
As  long  as  c  is  not  in  contact  with  d,  g  h  remains  magnetic  ;  thus  c  is  attracted  to  d  and 
a  secondary  circuit,  a,  h,  c,  d,  c  is  formed;  c  then  springs  back  again,  and  thus  the  process 
goes  on.    A  new  wire  is  introduced  to  connect  a  with/.    K,  battery. 

to /  in  the  direction  of  the  arrow,  through  the  primary  spiral,  P,  to  the  coil  of  soft  wire,  g,  and 
back  to  the  battery,  through  h  and  c.  But  g  is  magnetised  thereby,  and  when  it  is  so,  it  attracts 
c  and  makes  it  touch  the  screw  (/.  Thus  a  secondary  circuit,  or  short  circuit,  is  formed  through 
a,  b,  c,  d,  c,  which  weakens  the  current  passing  through  the  electro-magnet,  g,  so  that  the 
elastic  metallic  sjiring  files  up  again  and  the  current  through  the  primary  spiral  is  long-circuited, 
and  thus  the  process  is  repeated.  In  fig.  390  the  lines  1  and  7  indicate  the  course  of  the  current 
in  the  primary  circuit  at  closing  («),  and  opening  {c).  It  must  be  remembered  that  in  this 
arrangement  there  is  always  a  current  passing  through  the  primary  spiral,  P  (fig.  391).  The 
dotted  lines,  6  and  8,  above  and  below  Sj,,  represent  the  course  of  the  opening  («)  and  closino- 
shocks  (c)  in  the  secondary  spiral.  Even  witli  this  arrangement  the  opening  is  still  slightly 
stronger  than  the  closing  shock.]  The  two  shocks,  however,  may  be  completely  equalised  by 
placing  a  resistance  coil  or  rheostat  in  the  short  circuit,  which  increases  the  resistance,  and  thus 
increases  the  current  through  the  primary  spiral  wlien  the  short  circuit  is  closed. 

Unipolar  Induction.— When  there  is  a  very  rapid  current  in  the  primary  spiral,  not  only  is 
there  a  current  induced  in  the  secondary  spiral,  when  its  free  ends  are  closed,  e.g.,  by  beinw 
connected  with  an  animal  tissue,  but  there  is  also  a  current  when  one  wire  is  attached  to  a 
binding  screw  connected  with  one  end  of  the  wire  of  the  secondary  spiral  (p.  537).  A  muscle 
of  a  frog's  leg,  when  connected  with  this  wire,  contracts,  and  this  is  called  a  unijjolar  induced 
contraction.  It  usually  occurs  when  the  primary  circuit  is  opened,  Tlie  occurrence  of  these 
contractions  is  favoured,  when  the  other  end  of  the  spiral  is  placed  in  connection  with  the 
ground,  and  when  the  frog's  muscle  pre]>aration  is  not  completely  insulated. 

Magneto-Induction.— If  a  magnet  be  brought  near  to,  or  thrust  into  the  interior  of,  a  coil  of 
wire,  it  excites  a  current,  and  also  when  a  piece  of  soft  iron  is  suddenly  rendered  magnetic  or 
suddenly  demagnetised.  The  direction  of  the  current  so  induced  in  the  spiral  is  exactly  the 
same  as  that  with  Faradic  electricity,  i.e.,  the  occurrence  of  the  magnetism,  on  approximatino- 
the  spiral  to  a  magnet,  excites  an  induced  current  in  a  direction  opposite  to  that  supposed  to 
circulate  in  the  magnet.  Conversely,  the  demagnetisation,  or  the  removal  of  the  spiral  from 
the  magnet,  causes  a  current  in  the  same  direction. 

Acoustic  Tetanus.— If  a  magnet  be  rapidly  moved  to  and  fro  near  a  spiral,  which  can  easily 
be  done  by  fixing  a  vibrating  magnetic  rod  at  one  end  and  allowing  the  other  end  to  swino- 
freely  near  the  spiral,  then  the  pitch  of  the  note  of  the  vibrating  rod  gives  us  the  rapidity  of  the 
induction  shocks.  If  a  frog's  nerve-muscle  preparation  be  stimulated,  we  get  what  Grossmann 
called  "acoustic  tetanus." 
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330.  DU  BOIS-REYMOND'S  INDUCTORIUM— MAGNETO-INDUCTION  APPAEATUS.— 
The  inductorium  of  du  Bois-Reymond,  which  is  used  for  physiological  iniiposes,  is  a  moditicatiou 
of  tlie  magueto-ck'ctioniotov  apparatus  of  Wagner  aiul  Xecf.  A  scheme  of  the  apparatus  is 
given  iu  fig.  392.  D  represents  the  galvanic  Lattery.  The  wire  from  the  positive  pole,  a,  passes 
to  a  metallic  column,  S,  which  has  a  horizontal  vibrating  spring,  F,  attached  to  its  upper  end. 
To  the  outer  end  of  the  spring  a  square  ])iece  of  iron,  c,  is  attached.  The  middle  point  of  the 
upper  surface  of  the  spring  [covered  with  a  little  piece  of  platinum]  is  in  contact  with  a  movable 
screw,  h.  A  moderately  thick  copper  wire,  c,  passes  from  the  screw,  h,  to  the  primary  spiral 
or  coil,  ,v,  a',  which  contains  in  its  interior  a  number  of  pieces  of  soft  iron  wire,  i,  covered 
with  an  insulating  varnish.  The  copper  wire  which  surrounds  the  primary  spiral  is  covered 
with  silk.  The  wire,  d,  is  continued  from  the  primary  spiral  to  a  horse-shoe  piece  of  soft  iron, 
H,  around  which  it  is  coiled  s])irally,  and  from  thence  it  proceeds,  at  /,  back  to  the  negative 
pole  of  the  battery,  (j.  "When  the  current  in  this  circuit — called  the  primary  circuit — is  closed, 
the  following  etl'ects  are  produced  : — The  hoi-se-shoe,  H,  becomes  magnetic,  in  consequence  of 
which  it  attracts  the  movable  spring  or  Neet's  hanuner,  e,  whereby  the  contact  of  the  spring, 
F,  with  the  screw,  b,  is  broken.  Thiis  the  current  is  broken,  the  horse-shoe  is  demagnetised, 
the  spring,  c,  is  liberated,  and,  being  elastic,  it  springs  upwanis  again  to  its  original  position  in 
contact  with  b,  and  thus  the  current  is  re-established.  The  new  contact  causes  H  to  be 
reniagnetised,  so  that  it  must  alternately  rapidly  attract  and  liberate  the  spring,  e,  whereby  the 
primary  current  is  rapidly  made  and  broken  between  F  and  0. 


Fig.  392. 

I,  Scheme  of  du  Hois-Reyniond's  sledge  induction  machine.  D,  galvanic  battery  ;  a,  wire 
from  +  pole,  {(/)  -  pole  ;  S,  brass  upright  ;  F,  elastic  spring  ;  b,  binding  screw  ;  c-,  wire 
round  primary  spiral  (.>■,  .r),  containing  {i,  i)  soft  iron  wire  ;  K,  K,  secondary  spiral,  with 
board  p)  on  which  it  can  be  movecl  ;  H,  soft  iron  magnetised  by  current  {d,  f)  passing 
round  it.  II,  key  for  secondary  circuit,  as  shown  it  is  short-circuited.  HI,  electrodes 
(r,  r),  with  a  key  (K)  for  breaking  the  circuit, 

A  secondary  spiral  or  coil  (K,  K)  is  placed  in  the  same  direction  as  the  primary  {x,  .>•),  but 
having  no  connection  with  it.  It  moves  in  grooves  upon  a  long  piece  of  wood  p).  The 
secondary  spiral  consists  of  a  hollow  cylinder  of  wood  covered  with  numerous  coils  of  thin  silk- 
covered  wure.  The  secondary  spiral,  moving  in  slots,  can  be  ajiproximated  to  or  even  pushed 
entirely  over  the  primary  spiral,  or  can  be  removed  from  it  to  any  distance  desired. 

[Fie  393  shows  the  actual  arrangement  of  du  Bois-Reymond's  inductorium.  The  primary 
coil  (R')  consists  of  about  150  coils  of  thick  insulated  copper  wire,  the  wire  being  thick  to  offer 
sli'dit  resistance  to  the  galvanic  current.  The  secondary  coil  (R")  consists  of  6000  turns  of 
thi"n  insulated  copper  wire  arranged  on  a  wooden  bobbin  ;  the  whole  spiral  can  be  moved  along 
the  board  (B)  to  which  a  millimetre  scale  (I)  is  attached,  so  that  the  distance  of  the  secondary 
from  the  iirimary  spiral  may  be  ascertained.  At  the  left  end  of  the  apparatus  is  Wagner's 
hammer  as  adapted  by  Neef,  which  is  just  an  automatic  arrangement  for  opening  and  breaking 
the  primary  circuit.  When  Neef's  hammer  is  used,  the  wires  from  the  battery  are  connected 
as  in  the  figure ;  but  when  single  shocks  are  required,  the  wires  from  the  battery  are  connected 
with  a  keyfand  this  again  with  the  two  terminals  of  the  primary  spiral,  S"  and  S'".    In  the 
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improved  form  of  this  apparatus  (fig.  394)  the  secondary  spiral  is  equiposed  over  a  pulley 
with  a  back  weight,  so  that  it  can  move  easily  in  a  vertical  direction  to  and  from  the  primary 
spiral.    A.  de  Watteville  has  used  a  form  similar  to  this  for  a  long  time.] 

According  to  the  law  of  induction  (§  329),  when  the  primary  circuit  is  closed,  a  current  is  in- 
duced in  the  secondary  circuit  in  a  direction  the  reverse  of  that  in  the  primary,  while,  when  it 
is  opened,  the  induced  current  has  the  same  direction.  Further,  according  to  the  laws  of 
magneto-induction,  the  magnetisation  of  the  iron  rods  {I,  i)  within  the  primary  spiral  (x,  x), 
causes  a  reverse  current  in  the  secondary  spiral  (K,  K),  while  the  demagnetisation  of  the  iron 
rods,  on  opening  the  primary  circuit,  causes  an  induced  current 
in  the  same  direction.  Thus,  we  explain  the  much  more  powerful 
action  of  the  opening  or  break  .shock  as  compared  with  the  closing 
or  make  shock  (p.  481).  [The  direction  of  the  inducimj  current 
remains  the  same,  while  the  induced  cun-ents  are  constantly 
reversed.  ] 

The  magneto-induction  (R)  apparatus  of  Pixii,  as  improved 
by  Stiihrer,  consists  of  a  very  ])owerful  horse-shoe  steel  magnet 
(fig.  395).  Opposite  its  two  poles  (N  and  S)  is  a  horse-shoe- 
.shaped  })iece  of  iron  (H),  which  rotates  on  a  horizontal  axis  {a,h). 
On  the  ends  of  the  horse-shoe  are  fixed  wooden  bobbins  (c,  d), 
with  an  insulated  wire  coiled  round  them.  When  the  horse- 
shoe  is  at  rest,  as  in  the  figure,  it  becomes  magnetised  by  the 


Fig.  393. 

Fig.  393.— Induction  apparatus  of  du  Bois-Reymond.  R', 
board  on  which  R"  moves  ;  1,  scale  ;  -f  - ,  wires  from 
hammer  ;  B',  electro-magnet ;  S',  binding  screw 
S'",  " 
394 


primary 
battery  ; 
touching  the 


Fig.  394. 

R",  secondary  spiral  ;  B, 
F,  P",  pillars  ;  H,  Neefs 
steel  spring  (H)  ;  S"  and 
Fi"- 


binding  screws  to  which  to  attach  wires  where  jSfeef  s  hammer  is  not  required 
— New  form  of  du  Bois-Reymond's  inductorium. 

steel  magnet,  while  in  the  wires  of  both  bobbins  (c  and  d)  an  electric  current  is  developed  every 
time  the  horse-shoe  is  demagnetised,  and  again  magnetised.  When  the  bobbins  rotate  in 
front  of  the  magnet,  as  each  coil  approaches  one  pole,  a  current  is  induced,  and  similarly  when 
it  is  carried  past  the  pole  of  the  magnet,  so  that  four  currents  are  induced  in  each  coil  by  a  single 
rotation.  By  means  of  Stiihrer's  commutator  {m,  n)  attached  to  the  spindle  {a.  b)  and  the 
divided  metal  plates  (y,  c)  which  pass  to  the  electrodes,  the  two  currents  induced  in  the  bobbins 
are  obtained  in  the  same  direction. 

Keys,  or  arrangements  for  opening  or  closing  a  circuit,  are  of  great  use.  Fic  399  u  shows 
a  scheme  of  the  friction  key  of  du  Bois-Reymond,  introduced  into  the  secondary  circuit  It 
consists  of  two  brass  bars  (z  and  y)  fixed  to  a  plate  of  ebonite,  and  as  long  as  the  key  is  down 
on  the  metal  bridge  {y,  r,  z)  it  is  "short-circuited,"  i.e.,  the  conduction  is  so  good  throucrh  the 
thick  brass  bars  that  none  of  the  current  goes  through  the  wires  leadiu"  from  the  left  of  the 
key.  When  the  bridge  (r)  is  lifted  the  current  is  opened.  [Fig.  396  shows  the  form  of  tlie 
key,  V  being  a  screw  wherewith  to  clamp  it  to  the  table.]  Similarly  the  key  electrodes  (II H 
may  be  used,  the  current  being  made  as  soon  as  the  spring  connecting-plate  (e)  is  raised  bv 
pressing  upon  k.  This  instrument  is  opened  by  the  hand ;  a,  b  are  the  wires  from  the  batterv 
or  induction  machine.;  r,  tliose  going  to  the  tissue  ;  G,  the  handle  of  the  instrument 
[Plug  Key. -Other  forms  of  keys  are  in  use,  e.g.,  fiff.  397,  the  plug  key,  the  two  brass  plates 

ebonite.    The  brass  plug  is  used  to 
but  sometimes  a  fluid  contact  is  used 


-Other  forms  of  keys  are  in  use,  e.g.,  fig.  397^ 
to  which  the     '  «     -       -   ,  • 

connect  the  two  brass  plates, 


wires  arc  attached  lieing  fixed  on  a  plate  of 


All  these  are  dry  contacts. 


VARIOUS  FORMS  OF  KEYS. 
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as  m  the  mercury  key,  wliich  merely  consists  of  a  block  of  wood  with  a  cup  of  mercury  in  its 
centre.  The  ends  of  the  wires  from  the  battery  dip  into  the  mercury  ;  when  both  wires  dip 
into  the  mercury  the  circuit  is  made,  and  when  one  is  out  it  is  broken.] 

[Capillary  Contact  Key.— Where  an  ordinary  mercury  key  is  used  to  open  and  close  the 


Fig.  395. 

Magneto-induction  apparatus,  with  Stiihrer's 
commutator. 


Fig.  396. 
Du  Bois-Reymond's  friction  key. 


primary  circuit,  the  layer  of  oxide  formed  on  the  surface  by  the  opening  spark  disturbs  the  con- 
duction after  a  short  time ;  hence,  it  is  advisable  to  wash  the  surface  of  the  mercury  with  a  dilute 
solution  of  alcohol  and  water  (  fF.  Stirling).  A  handy  form  of  "  capillary  contact"  is  shown  in 
fig.  398,  such  as  was  used  by  Kronecker  and  Stirling  in  their  experiments  on  the  heart.  "A 
glass  T-tube  is  provided  at  the  crossing  point  with  a  small  opening  («).    The  vertical  tube  [b) 


Fig.  397.  Fig.  39S. 

Fig.  397. — Plug  key.  Fig.  398. — Capillary  contact,  e,  vibrating  platinum  style  adjustable 
by/and  q  and  dipping  into  mercury  at  a  ;  h,  bent  tube  filled  with  mercury,  into  which  dips 
a  wire  {d) ;  a,  opening  in  cross  tube  [c). 

is  bent  in  the  form  of  a  U>  and  filled  so  full  with  mercury  that  the  convex  surface  of  the  latter 
projects  within  the  lumen  of  the  transverse  tube  (c).  One  end  of  c  is  connected  with  a  ^lariotte's 
flask  containing  diluted  alcohol,  and  the  supply  of  the  latter  can  be  regulated  by  means  of  a 
stop-cock.  The  fluid  flows  over  the  apex  of  the  mercury  and  keeps  it  clean.  The  vibrating 
platinum  style  (c)  is  attached  to  the  end  of  a  rod.  which  in  turn  is  connected  with  the  positive 
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pole  of  the  battery,  while  the  i.latinurn  wire  {d)  is  connected  with  the 
"battery."] 


negative 


pole  of  the 


QQ1  FTECTRICAL  CURRENTS  in  PASSIVE  MUSCLE  and  NERVE-SKIN  CURRENTS. 
331.  ELECTRICAi.  bUtttt±.^xo  ^   ^^^^  nuiscle-current,  we  must  use  a  muscle 


—Methods. —In  order  to  investigate  the  laws 
conu)osod  of  parallel  fibres,  and  with  a  simple  arrangement  of 

nr,n-linder(hV  399,  I  and  II).  The  sartorius  muscle  of  the  frog  .sup]  to^rtinoiiR 
2ucS  a  n  usde?  we  .Hstinguish  the  surface  or  the  natural  longitudinal  section,  its  tenmno^^ 
eni  or  the  natural  transvei-se  section  ;  further,  when  the  latter  is  divided  t^^sve'-sely  to  tl  e 
loiv^aiis  the  artificial  transverse  section  (lig.  399,  I,  c,  d)-,  lastly,  the  term  equator  («,  b-vi,^i} 
s  applied  to  a  line  so  drawn  as  exactly  to  divide  the  length  of  the  muscle  into  halves  As  the 
Sxr3s  are  very  feeble,  it  is  necessa/y  to  use  a  galvanometer  ..th  a  P^f -/^^l-S  S^^^^^ 
(figs.  380,  I,  and  387),  or  a  tangent  mirror-boussole  similar  to  that  used  ^^^^ 
purposes  (tig.  230).  The  wires  leading  from  the  tissue  are  connected  with  non-polaiisable  elec- 
trodes (fig.  380,  P,  P) 


its  fibres  in  the  form  of  a  prism 
)lies  these  conditions.  In 
its  tendinous 


  Lippmann  maybe  used  for  detecting  the  current  (fig.  400). 

Athread  ofmercurv  enclosed  in  a  capillary  tube  and  touching  a  conducting  fluid,  e.g.,  dilute 


The  capillaiy-electrometer  of 


II. 


f 

/'  r  k 

/i 
;C 

Fig.  399. 
Scheme  of  the  mnscle-current. 


Fig.  400. 

Capillary  electrometer 
R,  mercury  in  tube 
capillary  tulic 
phuric  acid  ;   7,  ^^^^ , 
B,  observer  ;  M,  mi 
croscope. 


sulphuric  acid,  is  displaced  by 
the  constant  current,  in  conse- 
quence of  the  polarisation  tak- 
ing place  at  the  point  of  contact 
altering  the  constancy  of  the 
capillarity  of  the  mercury.  The 
displacement  of  the  mercury 
which  the  observer  (B)  detects 
by  the  aid  of  the  microscope 
(M)  is  in  the  direction  of  the 
positive  current.    R  is  a  capil- 
lary glass    tube,   filled  from 
above  with  mercury,  and  from 
below  with   dilute  sulphuric 
acid.    Its  lower  narrow  end 
opens  into  a  wide  glass  tube, 
provided  below  with  a  platinum 
wire  fused  into  it  and  filled 
with  Hg  (q),  and  this  again  is 
covered  witli  dilute  sulphuric 
acid  (s).    The  wires  are  con- 
nected   with  non-polarisable 
electrodes  applied  to  the  +  and 
-  surfaces  of  the  muscle.  On 
closing  the  circuit,  the  thread 
of  mercury  passes  downwards 
from  c  in  the  direction  of  the 


strength 


arrow. 

Compensation. — The 
s  sill-  strength  of  the  current  in  ani- 
'  Y[„  •  nial  tissues  is  best  measured  by 
the   compensation   method  of 
Poggendorf  and  du  Bois-Rey- 
mond.     A  current  of  known 
is  passed  in  an  opposite  direction  through  the 


or  which  can  be  accurately  graduated, 
same""gaivanometer  or  boussole,  until  the  current  from  the  animal  tissue  is  just  neutralised  or 
compensated.  [When  this  occurs,  the  needle  deflected  by  the  tissue-current  returns  to  zero. 
The  principle  is  exactly  the  same  as  that  of  weighing  a  body  in  terms  of  some  standard  weights 
placed  in  the  opposite  scale-pan  of  the  balance.] 

[Hermann  calls  the  current  obtained  from  an  injured  muscle,  i.e.,  one  on  which 

an  artificial  transverse  or  other  section  has  been  made,  a  demarcation-current, 

while  the  currents  obtained  when  such  a  muscle  contracts,  he  calls  action-currents. 

This  section  deals  with  demarcation-currents,  or  the  muscle-current  of  du  Bois- 

Reymond.] 

1.  Perfectly  fresh  uninjured  muscles  yield  no  current,  and  the  same  is  true  of 
dead  mu.scle  {L.  Hernuom,  1867). 

2.  Strong  electrical  currents  are  observed  when  the  transverse  section  of  a  muscle 
is  placed  on  one  of  the  cushions  of  the  non-]iolarisable  electrodes  (fig.  380,  I,  M), 
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while  the  surface  is  in  connection  with  the  other  {NoUli,  Matteticri,  <iu  Jiou- 
Reymond).  The  direction  of  the  cun-ent  is  from  the  (positive)  longitudinal  section 
to  the  (negative)  transverse  section  in  the  conducting  wires  {i.e.,  within  the  muscle 
itself  from  the  transverse  to  the  longitudinal  section  (Hgs.  380,  I,  and  399,  I)). 
This  current  is  stronger  the  nearer  one  electrode  is  to  the  equator,  and  the  other 
to  the  centre  of  the  transverse  section  ;  while  the  strength  diminishes,  the  nearer 
the  one  electrode  is  to  the  end  of  the  surface,  and  the  other  to  the  margin  of  the 
transverse  section. 

Smooth  muscles  also  yield  similar  cuirents  between  then-  transverse  and  loncdtiidinal  surfaces 
(§334,11.). 

3.  Weak  electrical  currents  are  obtained  when — {a)  two  points  at  unequal 
distances  from  the  equator  are  connected  ;  the  current  then  passes  from  the  point 
nearer  the  equator  ( + )  to  the  point  lying  further  from  it  (  -  ),  but  of  course  tliis 
direction  is  reversed  within  the  muscle  itself  (tig.  399,  II,  he  and  le).  (b)  Similarly 
weak  currents  are  obtained  by  connecting  points  of  the  transverse  section  at 
unequal  distances  from  the  centre,  in  which  case  the  current  outside  the  muscle 
passes  from  the  point  lying  nearer  the  edge  of  the  muscle  to  that  nearer  the  centre 
of  the  transverse  section  (fig.  399,  II,  i,  c). 

4.  When  two  points  on  the  surface  are  equidistant  from  the  equator  (fig.  399, 
I,  X,  y,  V,  z, — II,  r,  e),  or  two  equidistant  from  the  centre  of  the  transverse  section 
(II,  c)  are  connected,  no  current  is  obtained.  [Because  the  points  are  iso-electrical, 
that  is  of  equal  potential.] 

5.  If  the  transverse  section  of  the  muscle  be  oblique  (fig.  399,  III),  so  that  the 
muscle  forms  a  rhomb,  the  conditions  obtaining  under  III  are  disturbed.  The 
point  lying  nearer  to  the  obtuse  angle  of  the  transverse  section  or  surface  is  positive 
to  the  one  lying  near  to  the  acute  angle.  The  equator  is  oblique  (a,  c).  These 
cui'rents  are  called  '"^deviation  currenU  or  inclination  currentu"  by  du  Bois-Eeymond, 
and  their  course  is  indicated  by  the  lines  1,  2,  and  3. 

The  electro-motive  force  of  a  strong  muscle-current  (frog)  is  equal  to  0'05  to  0*0S  of  a 
Daniell's  element ;  while  the  strongest  deviation  current  ma.y  be  O'l  Daniell.  The  muscles  ol' 
a  curarised  animal  at  first  yield  stronger  currents  ;  fatigue  of  the  muscle  diminishes  the  strength 
of  the  current  (Eoeber),  while  it  is  completely  abolished  when  the  muscle  dies.  Heating  a 
muscle  increases  the  current ;  but  above  40°  C.  it  is  diminished  (Sieincr). 
Cooling  diminishes  the  electro-motive  force.  The  warmed  living  mus- 
cular and  nervous  substance  is  positive  to  the  cooler  portions  {ffn-- 
mann)  ;  while,  if  the  dead  tissues  be  heated,  they  behave  ]iractically 
as  indifferent  Ijodies  as  regards  the  tissues  that  are  not  heated. 

6.  The  passive  nerve  behaves  like  muscle,  as  far  as  2,  3, 

and  4  are  concerned. 

The  electro-motive  force  of  the  strongest  nerve-current,  according 
to  du  Bois-Reymond,  is  0-02  of  a  Daniell.  Heating  a  nerve  from  15°  to 
25°  C.  increases  the  nerve-current,  while  high  temperatures  diminish 
it  (Steiner). 

7.  If  the  two  transversely  divided  ends  of  an  excised  nerve, 
or  two  points  on  the  surface  equidistant  from  the  equator,  be 
tested,  a  current — the  axial  current — flows  in  the  nerve-fibre 
in  the  opposite  direction  to  the  direction  of  the  normal  impulse 
in  the  nerve  ;  so  that  in  centrifugal  nerves  it  flows  in  a  cen- 
tripetal direction,  and  in  centripetal  nerves  in  a  centrifugal 
direction  {Mendelssohn  and  Christiani). 

The  electro-motive  force  increases  with  the  length  of  the  nerve  and 
with  the  area  of  its  transverse  section.  Fatigue  (e.g'.,  tetanic  stimula- 
tion) weakens  it,  especially  in  motor  nerves,  and  to  a  less  extent  in  centripetal  nerves. 

[Nerve-Muscle  Preparation. — This  term  has  been  used  on  several  occasions.  It 
is  simply  the  sciatic  nerve  with  the  gastrocnemius  of  the  frog  attached  to  it  (fig.  401). 


Nerve-muscle  prepara- 
tion of  a  frog.  F, 
lemur ;  S,  sciatic 
nerve  ;  I,  tendo  Ach- 
illes. 
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The  sciatic  nerve  is  dissected  out  entire  from  the  vertebral  column  to  the  knee ;  the 
muscles  of  the  thigh  separated  from  the  femur,  and  the  latter  divided  about  its 
middle,  so  that  the  preparation  can  be  fixed  in  a  clamp  by  the  remaining  portion 
of  the  femur ;  while  the  tendon  of  the  gastrocnemius  is  divided  near  to  the  foot. 
If  a  straw  flag  is  to  be  attached  to  the  foot,  do  not  divide  the  tendo  Achilles.] 

Rheoscopic  Limb. — The  existence  of  a  muscle-current  may  be  proved  without 
the  aid  of  a  galvanometer : — 1.  By  means  of  a  sensitive  nerve-muscle  preparation 
of  a  frog,  or  the  so-called  jyliynologiail  rheoscope.''  Place  a  moist  conductor  on 
the  transverse  and  another  on  the  longitudinal  surface  of  the  gastrocnemius  of  a 
frog.  On  placing  the  sciatic  nerve  of  a  nerve-muscle  preparation  of  a  frog  on  these 
conductors,  so  as  to  bridge  over  or  connect  their  two  surfaces,  contraction  of  the 
muscle  connected  with  the  nerve  occurs  at  once  ;  and  the  same  occurs  when  the 
nerve  is  removed. 

Make  a  transverse  section  of  the  gastrocnemius  muscle  of  a  frog's  nerve-muscle 
preparation,  and  allow  the  sciatic  nerve  to  fall  upon  this  transverse  section  ;  the 
limb  will  contract  as  the  muscle-current  from  the  longitudinal  to  the  transverse 
surface  now  traverses  the  nerve  {Galvani,  Al.  v.  Humboldt).  These  experiments 
have  long  been  known  as  "  contraction  without  metals." 

[Use  a  nerve-muscle  preparation,  or,  as  it  is  called,  a  physiological  limb.  Hold  the  prepara- 
tion \)y  the  femur,  and  allow  its  own  nerve  to  fall  i;pou  the  gastrocnemius,  and  the  muscle  will 
contract,  but  it  is  better  to  allow  the  nerve  to  fall  suddenly  upon  the  cross  section  of  the  muscle. 
The  nerve  then  comjiletes  the  circuit  between  the  longitudinal  and  transverse  section  of  the 
muscle,  so  that  it  is  stimulated  by  the  cuiTcnt  from  the  latter,  the  nerve  is  stimulated,  and  through 
it  the  niuscle.  That  it  is  so,  is  proved  by  tying  a  thread  round  the  nerve  near  the  muscle,  when 
the  latter  no  longer  contracts.] 

2.  Self-Stimulation  of  the  Muscle. — We  may  use  the  muscle-current  of  an 
isolated  muscle  to  stimulate  the  latter  directly  and  cause  it  to  contract.  If  the 
transverse  and  longitudinal  surfaces  of  a  curarised  frog's  nerve-muscle  preparation 
be  placed  on  non-polarisable  electrodes,  and  the  circuit  be  closed  by  di^jping  the 
wires  coming  from  the  electrodes  in  mercury,  then  the  muscle  contracts.  Similarly 
a  nerve  may  be  stimulated  with  its  own  demarcation-current  {du  Bois-Reymond 
and  others).  If  the  lower  end  of  a  muscle  with  its  transverse  section  be  dipped 
into  normal  saline  solution  (0"6  per  cent.  NaCl),  which  is  quite  an  indifferent  fluid, 
this  fluid  forms  an  accessory  circuit  between  the  transverse  and  adjoining  longi- 
tudinal surface  of  the  muscle,  so  that  the  muscle  contracts.  Other  indifferent 
fluids  used  in  the  same  way  produce  a  similar  result. 

[Kiihne's  Experiment  (fig.  402). — The  demarcation-current  of  the  nerve  of  a 

nerve-muscle  preparation  may  be  used 
as  the  stimulus  to  that  nerve  on  com- 
pleting the  circuit.  On  an  earthenware 
bowl  (B)  is  fixed  a  glass  plate  (G),  and 
thin  rolls  of  modeller's  clay  (P  P')  are 
bent  over  G.  A  nerve-muscle  prepara- 
tion is  placed  with  its  nerve  (N)  on  the 
clay,  touching  the  latter  with  its  trans- 
verse and  longitudinal  surfaces.  On 
dipping  the  clay  into  a  vessel  containing 
normal  saline  (C),  the  muscle  contracts, 
and  on  withdrawing  the  normal  saline, 

Kiihne's  nerve  demarcation-current  experiment.       ^^^^^  contracts.      In  this  case  the 

nerve  is  stimulated  by  the  completion 
of  the  circuit  of  its  own  demarcation-current.] 

3.  Electrolysis.— If  the  muscle-current  be  conducted  through  starch  mixed  with 
potassic  iodide,  then  the  iodine  is  deposited  at  the  -f  pole,  where  it  makes  the  starch 
blue. 
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Frog  Current.— It  is  asserted  that  the  total  current  in  the  body  is  the  sum  of  the  electrical 
currents  of  the  several  mus(;les  and  nerves  which,  in  a  frog  deprived  of  its  skin,  pass  from  the 
tip  of  the  toes  toward  the  trunk,  and  in  the  trunk  from  the  anus  to  the  head.    This  is  the 

cor  rente  projtria  della  rana"  of  Leopoldo  Nobili  (1827),  or  the  "frog  current"  of  dii  Bois- 
Reymond.    In  mammals,  the  corresponding  current  passes  in  the  opposite  direction. 

After  death,  the  currents  disappear  sooner  than  the  excitability  {Valentin);  they  remain 
longer  in  the  muscle  than  the  nerves,  and  in  the  latter  they  disappear  sooner  in  the  central 
portions.  If  the  nerve-current  after  a  time  become  feeble,  it  may  be  strengthened  by  making 
a  new  transverse  section  of  the  nerve.  A  motor  nerve  completely  paralysed  by  curara  gives  a 
current  {Funkc),  and  so  does  a  nerve  beginning  to  undergo  degeneration,  even  two  weeks  after 
it  has  lost  its  excitability.  Muscles  in  a  state  of  rigor  mortis  give  currents  in  the  opposite 
direction,  owing  to  inec^ualities,  which  take  place  during  decomposition.  The  nerve-currcut  is 
reversed  by  the  action  of  boiling  water  or  drying. 

Currents  from  Skin  and  Mucous  Membranes. — In  the  skin  of  the  frog  the 
outer  surface  is  +,  the  inner  is  -  [du  Boi.^-A'ei/inoud),  and  the  same  is  true  of  the 
mucous  membrane  of  the  intestinal  tract  {Rosenthal),  the  cornea  (Grunhai/eu),  as 
well  as  the  iion-(/landular  skin  of  fishes  (Hermann)  and  molluscs  (Oe/der).  Currents 
are  also  manifested  by  glands. 

332.  CURRENTS  OF  STIMULATED  MUSCLE  AND  NERVE— ACTION- 
CURRENTS. — 1.  Negative  Variation  of  the  Muscle-Current. — If  a  muscle,  which 
yields  a  strong  electrical  current,  be  thrown  into  a  state  of  tetanic  contraction  by 
stimulating  its  motor  nerve,  then,  when  the  muscle  contracts,  there  is  a  diminution 
of  the  muscle-current,  and  occasionally  the  needle  of  the  galvanometer  may  swing- 
almost  to  zero.  This  is  the  "  negative  variation  of  the  muscle-current "  (du  Bois- 
Reymond).  It  is  larger,  the  greater  the  primary  deflection  of  the  galvanometer 
needle  and  the  more  energetic  the  contraction. 

After  tetanus,  the  muscle-current  is  w-eaker  than  it  was  before.  If  the  muscle  was  so  placed 
upon  the  electrodes  that  the  current  was  "feeble,"  equally  during  tetanus  there  is  a  diminution 
of  this  cun-ent.  In  the  inactive  arrangement,  the  contraction  of  the  muscle  has  no  effect  on 
the  needle.  If  the  muscle  be  prevented  fi'om  shortening,  as  by  keeping  it  tense,  the  negative 
variation  still  takes  place. 

2.  Current  during  Tetanus. — An  excised  frog's  muscle  tetanised  through  its 
nerve  s\\o\v&  electro-motive  force — the  so-called  "action-current."  In  a  tetanised 
frog's  gastrocnemius,  there  is  a  descending  current.  In  completely  uninjured  human 
muscles,  however,  thrown  into  tetanus  by  acting  on  their  nerves,  there  is  no  such 
current  (L.  Hermann);  similarly,  in  quite  uninjured  frog's  muscles,  as  well  as  when 
these  muscles  are  directly  and  completely  tetanised,  there  is  no  current. 

3.  Current  during  the  Contraction-Wave. — If  one  end  of  a  muscle  be  directly 
excited  with  a  momentary  stimulus,  so  that  the  contraction-wave  (§  299)  rapidly 
passes  along  the  whole  length  of  the  muscular  fibres,  then  each  part  of  the  muscle, 
successively  and  immediately  before  it  contracts,  shows  the  negative  variation. 
Thus,  the  "  contraction-ivave "  is  preceded  by  a  '^negative  wave"  of  the  muscle- 
current,  the  latter  occurring  during  the  latent  period.  Both  waves  have  the  same 
velocity,  about  3  metres  per  second.  The  negative  wave,  which  first  increases  and 
then  diminishes,  lasts  at  each  point  only  O'OOS  second  (Bernstein). 

4.  During  a  Single  Contraction. — A  single  contraction  also  shows  a  muscle- 
current.  [The  electrical  variation  takes  place  during  the  latent  period  of  the 
muscular  contraction,  so  that  it  precedes  the  latter.  The  variation  begins  -01"  to 
•04"  after  excitation,  while  the  contraction  does  not  begin  until  -11"  to  '33" 
(Waller).  A  frog's  muscle  may  be  made  to  record  its  contraction,  and  simul- 
taneously the  variation  of  the  electrical  current,  as  ascertained  by  the  capillary 
electrometer,  may  be  photographed  (fig.  403),  and  the  same  may  be  done  in  the 
case  of  the  heart  (fig.  404).  The  capillary  electrometer  may  with  advantage  be 
employed  to  measure  this  time-difference,  the  electrical  and  the  mechanical  events 
being  simultaneously  recorded.] 

The  diphasic  variation— 1st  phase  middle  negative  to  end  ;  2nd  phase  and  negative  to 
middle  be"-ins  about  -01"  before  the  commencement  of  muscular  contraction  ( Waller). 
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Tlie  variation  is  diphasic— 1st  phase  base  negative  to  apex  ;  2nd  phase  apex  negative  to  base 
(  Waller).    The  iirst  phase  begins  ]V"  before  the  commencement  of  contraction. 

One  of  the  best  objects  for  this  purpose  is  the  contracting  heart,  wliich  is  placed 
upon  the  non-polarisable  electrodes  connected  with  a  sensitive  galvanometer.  Each 

beat  of  the  heart  causes  a  deflection  of  the  needle,  which 
occurs  h(^j'ore  the  contraction  of  the  cardiac  muscle 
{KoUilcer  and  H.  Miitler).  The  electrical  disturbance 
in  the  muscle  causing  the  negative  variation  always 
precedes  the  actual  contraction  {v.  Ilelmholtz,  1845), 
8till  it  lasts  throughout  the  whole  duration  of  the  con- 
traction (Lefi).  When  the  completely  uninjured  frog's 
gastrocnemius  contracts  by  stimulating  the  nerve, 
there  is  at  first  a  descending  and  then  an  ascending 
current  {Sig.  Mayer,  %  334,  II.). 

]\rore  exact  observations  on  the  electrical  processes  of  the  pul- 
sating heart  show  that  complicated  phenomena  occur.  The  apex 
of  tlie  dog's  heart  is  negative  to  the  base  during  systole.  In 
many  cases  this  is  preceded,  and  in  some  it  is  followed,  by  an 
opposite  condition  {Frederkq),  i.e.,  a  diphasic  variation.  If  the 
lieart  be  arrested  in  diastole  by  stimulation  of  the  vagus  (§  369), 
there  is  a  'positive  variation  of  the  muscle-current  {(Jaskell, 
^ig-  4^3.  Fano).    Waller  has  demonstrated  a  true  electrical  variation  of 

Frog.     (Jastrocnemius   led  off  the  human  intact  heart, 
to    electrometer    from    the      r„      x      /-(    i    n  i        i  ^-l  i     i       j.i  t 

middle  of  the  muscle  and     [Heart— Gaskell  has  shown  that,  when  the  vagus  of 

from  the  tendon.  Coutrac-  a  tortoise  is  stimulated  so  as  to  arrest  its  heart  in  diastole, 
tion  excited  by  a  single  the  action  of  the  inhibitory  nerve  is  accompanied  by  a 
break  induction  shock  ap-  p(),^{,({^,g  electrical  variation  of  the  heart-current,  while 
plied  to   the  sciatic  nerve.  w       i- . i  .i   i^-   /  .  \ 

electrometer;  ra,  muscle ;  stimulation  of  the  sympathetic  (augmentor)  nerve  causes 

t,  time  in  ^J^th  sec.  (muscle  an  electrical  variation  of  the  same  sign  as  that  caused  by 
to  H.,S04  ;  tendon  to  Hg)  a  contraction  in  the  non-beating  tissue  of  the  ventricle 
( Waller).  ^|-^g  toad.    In  both  cases,  the  respective  nerves  can 

produce  their  electrical  effect  after  the  heart  has  been  brought  to  standstill  by 
the  application  of  muscarin  to  the  sinus.  These  experiments  are  of  the  utmost 
t 


Frog's  heart. 


Fig.  404. 


Spontaneous  contraction,    c,  e,  electrometer  ;  h,  7i,  heart's  contraction  ;  t,  t, 
time  in  ^\t\i  sec.  (apex  to  H.SOj,  base  to  Hg)  (  Waller). 

importance  in  connection  with  the  theory  of  the  action  of  these  nerves  on  the  heart 
(§  370),  and  the  mode  of  action  of  poisons  on  the  heart  itself.] 

Secondary  Contraction.  —  A  nerve-muscle  preparation  may  be  used  to  demonstrate 
the  electrical  changes  that  occur  during  a  .nnr/le  contraction.  If  the  sciatic  nerve, 
A,  of  such  a  preparation  be  placed  upon  another  muscle,  B,  as  in  fig.  405  then 
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every  time  the  latter,  B,  contracts,  the  frog's  muscle,  A,  connected  with  the  nerve 
also  contracts. 

If  the  nerve  of  a  frog's  nerve-muscle  preparation  be  platted  on  a  contracting 
mammalian  heart,  then  a  contraction  of  the  muscle  occurs  with  every  beat  of  the 
heart  (Matfeucci,  1842).  The  diaphragm,  even  after 
section  of  the  phrenic  nerve,  especially  the  left,  also  con- 
tracts during  the  heart-beat  {Schif).  This  is  the 
"secondary  contraction"  of  Galvani. 

Secondary  Tetanus. — Similarly,  if  a  nerve  of  a  nerve- 
muscle  preparation  be  placed  on  a  muscle  which  is 
tetanised,  then  the  former  also  contracts,  showing 
"  secondary  tetanus "  (du  JBois-Eeymond).  The  latter 
experiment  is  regarded  as  a  proof  that,  during  the  pro- 
cess of  negative  variation  in  the  muscle,  many  successive 
variations  of  the  current  must  take  place,  as  only  rapid 
variations  of  this  kind  can  produce  tetanus  by  acting  on 
a  nerve — continuous  variations  being  imable  to  do  so. 

Usually,  there  is  no  secondary  tetanus  in  a  frog's  nerve-  . 
muscle  preparation  when  it  is  laid  upon  a  muscle  wliich  is  Secondary  contraction.  The 
tetanised  voluntarily,  or  by  chemical  stimuli,  or  by  poisoning  sciatic  nerve  of  A  lies  on  B ; 
with  strychnin  {Hcrincj,  Kiihnc)  ;  still,  Loven  has  observed  electrodes  applied  to  the 
secondary  strychnin  tetanus  composed  of  six  to  nine  shocks  per  sciatic  nerve  of  B. 
second.  Observations  with  a  sensitive  galvanometer,  or  Lippmann's  capillary  electrometer  (fig. 
400),  show  that  the  spasms  of  strychnin  poisoning,  as  well  as  a  voluntary  contraction,  are  dis- 
continuous processes  [Loven,  p.  485). 

Biedermann  observed  that  striped  muscle,  under  the  influence  of  the  vapour  of  ether,  passes 
into  a  condition  in  wliich  it  shows  no  obvious  change  of  form  or  movement  when  it  is 
stimulated,  whilst  at  the  spot  stimulated,  there  are  galvanometric  variations  of  the  same  strength 
as  occurred  during  stimulation  before  the  action  of  the  ether.  Owing  to  the  abolition  of  the 
power  of  conductivity,  they  can  only  manifest  themselves  locally. 

[Secondary  Contraction  from  Muscle  to  Muscle  {Kiihne). — If  5  mm.  of  one  end 

of  the  sartorius  of  a  curarised  frog  be  laid  upon  a  corresponding  5  mm.  of  the  other 
sartorius,  so  that  both  muscles  are  in  line,  and  if  the  surfaces  of  contact  be  pressed 
together,  either  by  an  ebonite  press  or  other  means,  on  stimulating  the  free  end 
of  one  of  the  muscles — either  electrically,  mechanically,  or  chemically — the  other 
muscle  also  contracts,  and  if  the  first  one  be  tetanised,  the  second  one  also  is  thrown 
into  tetanus.  The  experiment  may  be  repeated  with  five  or  six  muscles  in  line. 
The  conduction  is  interrupted  at  once  by  ligature  of  the  muscle.  The  second 
muscle  contracts,  because  it  is  stimulated  directly  by  the  action-currents  of  the 
contracting  muscular  fibres.  The  effect  is  prevented  by  introducing,  between  the 
overlapping  ends  of  the  muscle,  a  thin  plate  of  gutta-percha,  tinfoil,  or  any  insulator. 
This  experiment  of  Kuhne's  shows  us  how  important  a  role  electrical  phenomena 
play  in  connection  with  muscular  contraction.  Secondary  contraction  from  nerve 
has  long  been  known.] 

Negative  Variation  in  Nerve. — If  a  nerve  be  placed  with  its  transverse  section 
on  one  non-polarisable  electrode,  and  its  longitudinal  surface  on  the  other,  and  if  it 
be  stimulated  electrically,  chemically,  or  mechanically,  the  nerve-current  is  also 
diminished  {du  Bois-Reyraond).  This  negative  variation  is  propagated  towards 
both  ends  of  a  nerve,  and  is  composed  of  very  rapid,  successive,  periodic,  interrup- 
tions of  the  original  current,  j  ust  as  in  a  contracted  muscle  {Bernstein).  Hering 
succeeded  in  obtaining  from  a  nerve,  as  from  a  muscle,  a  secondary  contraction  or 
secondary  tetanus.  The  amount  of  the  negative  variation  depends  upon  the 
extent  of  the  primary  deflection,  also  upon  the  degree  of  nervous  excitability,  and 
on  the  strength  of  the  stimulus  employed.  The  negative  variation  occurs  on 
stimulating  with  tetanic  as  well  as  with  single  shocks.  The  negative  variation 
is  not  observed  in  completely  uninjured  nerves. 
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Herincr  found  that  the  negative  variation  of  tlie  nerve-current  caused  by  tetanic  stimulation 
is  folio  ved  hy  ^positive  variation,  which  occurs  immediately  after  the  ormer,  i.e.,  it  is 
liphS  It  increases  to  a  certain  degree  with  the  duration  of  the  stimulation  as  well  as 
w^h  the  strength  of  the  stimulus,  and  with  the  drying  of  the  nerve  {Head).    {Effect  of  Elect',  o- 

'"'Nekativ^'Vai-iation  of  the  Spinal  Cord.— This  is  the  same  as  in  nerves  generally.  If  a 
current  be  conducted  from  the  transverse  and  longitudinal  surfaces  of  the  upper  part  ot  the 
medulla  oblongata,  we  observe  sjiontancous,  intermittent,  negative  variatiom,  perliaps  due  to 
the  intermittent  excitement  of  the  nerve-centres,  more  especially  of  the  respiratory  centre. 
Similar  variations  are  obtained  reflexly  by  single  stimuli  applied  to  the  sciatic  nerve,  while 
stron.f  stimulation  by  common  salt  or  induction  shocks  inhibits  them.  i  i 

Velocity.— The  process  of  negative  variation  is  propagated  at  a  measurable  velocity  along 
the  nerve,  most  rapidly  at  15"  to  2.5"  C.  (Steiner),  and  at  the  .same  rate  as  the  velocity  ot  the 
nervous  impulse  itself,  about  27  to  28  metres  per  second.  The  duration  of  a  single  variation  (ot 
which  the  process  of  negative  variation  is  composed)  is  only  0-0005  to  0-0008  second,  while  the 
wave-length  in  the  nerve  is  calculated  by  Bernstein  at  18  mm.  .... 

Differential  Rheotome.— J.  Bernstein  estimated  the  velocity  of  the  negative  vanationUn  a 
nerve  by  means  of  a  ditierential  rheotome  thus  (fig.  406)  :— A  long  stretch  of  a  nerve  (N  vi)  is 
so  arranged  that  at  one  end  of  it  (N)  its  transverse  and  longitudinal  surfaces  are  connected  witii 


Fig.  406. 

Scheme  of  Bernstein's  differential  rheotome  ;  N  n,  nerve  ;  J,  induction  machine  ;  G,  galvano- 
meter, X,  y,  deflection  of  needle  ;  E,  laattery  and  primary  circuit  with  C  for  opening  it 
at  o;  c,  for  closing  galvanometer  circuit ;  z  z,  electrodes  in  galvanometer  circuit  ;  S, 
motor. 

a  galvanometer  (G),  while  at  the  other  end  {n)  are  placed  the  electrodes  of  an  induction 
machine  (J).  A  disc  (B)  rapidly  rotating  on  its  vertical  axis  (A)  has  an  arrangement  (C)  at 
one  point  of  its  circumference,  by  means  of  which  the  current  of  the  primary  circuit  (E)  is 
rapidly  opened  and  closed  during  each  revolution.  This  causes,  with  each  rotation  of  the  disc, 
an  opening  and  a  closing  shock  to  be  applied  to  the  end  of  the  nerve.  At  the  diametrically 
opposite  part  of  the  circumference  is  an  arrangement  (c)  by  which  the  galvanometer  circuit  is 
closed  and  opened  during  each  revolution.  Thus,  the  stimulation  and  the  closing  of  the 
galvanometer  circuit  occur  at  the  same  moment.  On  rapidly  rotating  the  disc,  the  galvano- 
meter indicates  a  strong  nerve-current,  an  excursion  of  the  magnetic  needle  to  y.  At  the 
moment  of  stimulation,  the  negative  variation  has  not  yet  reached  the  other  end  of  the  nerve. 
If,  however,  the  arrangement  which  closes  the  galvanometer  circuit  be  so  displaced  (to  o)  along 
the  circumference,  that  the  galvanometer  circuit  is  closed  somewhat  later  than  the  nerve  is 
stimulated,  then  the  current  is  weakened  by  the  negative  variation  (the  needle  passing  back- 
ward to  x).  When  we  know  the  velocity  of  rotation  of  the  disc,  it  is  easy  to  calculate  the  rate 
at  which  the  impulse  causing  the  negative  variation  passes  along  a  given  distance  of  nerve 
from  N  to  ?i. 

The  negative  variation  is  absent  in  degenerated  nerves  as  soon  as  they  lose  their  excita- 
bility. 
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Rectinal  and  Eye  Currents.— If  a  freshly-excised  eyeball  be  placed  on  the  uon-polarisable 
electrodes  connected  with  a  galvanometer,  and  if  light  fall  upon  the  eye,  then  the  normal  eye- 
current  from  the  cornea  ( + )  to  the  transverse  section  of  the  optic  nerve  (  -  )  is  at  first  increased. 
Yellow  light  is  most  powerful,  and  less  so  the  other  colours  {Holmgren,  M-Kcndrick  and 
Deimr).  The  inner  surface  of  the  passive  retina  is  positive  to  the  posterior.  When  the  retina 
is  illuminated  there  is  a  double  variation,  a  negative  variation  with  a  preliminary  positive 
increase  ;  while,  when  the  light  ceases,  thero  is  a  simple  positive  variation.  Retiure,  in  which 
the  visual  purple  has  disappeared  owing  to  the  action  of  light,  show  smaller  variations  {Kuhne 
and  Stcincr). 

Stimiilation  of  the  secretory  nerves  of  the  glandular  membranes,  besides  causing  secretion, 
affects  the  current  of  rest  {lioeber).  This  secretion-current  passes  in  the  same  direction  in  the 
skin  of  the  frog  and  warm-blooded  animals  as  the  current  of  rest,  although  in  the  frog  it  is 
occasionally  in  the  opposite  direction  {Hermann).  If  the  current  be  conducted  uniformly  from 
both  hind  feet  of  a  cat,  on  stimulating  the  sciatic  nerve  of  one  side,  not  only  is  there  a  secretion 
of  sweat  (§  288),  but  a  secretion-current  is  developed  {Luclmnger  and  Hermann).  If  two 
symmetrical  parts  of  the  skin  in  the  leg  or  arm  of  a  man  be  similarly  tested,  and  the  muscle  of 
one  side  be  contracted,  a  similar  current  is  developed.  Destruction  or  atrophy  of  the  glands 
abolishes  both  the  power  of  secretion  and  the  secretion-current.  There  is  no  secretion-current 
from  skin  covered  with  hairs,  but  devoid  of  glands  (Biibnof  ).  [The  secretion-current  from  the 
submaxillary  gland  is  referred  to  in  §  145  {Bayliss  and  Bradford).} 

333.  ELECTROTONIC  CURRENTS  IN  NERVE  AND  MUSCLE.— [When  a 
constant  current  called  the  ■'  polarising  current  "  is  passed  though  a  stretch  of 
nerve,  the  nerve  is  thrown  into  a  peculiar  condition,  called  the  "  eiectrotonic  con- 
dition," or  briefly  electrotonus.  In  this  condition,  the  vital  properties  of  the 
nerve  are  modified,  i.e., 

(1)  Its  electromotivity  (§  333). 

(2)  Its  excitability  (.§  335). 

The  former  is  considered  in  this  section,  and  the  latter  in  a  subsequent  section.] 

1.  Positive  Phase  of  Electrotonus. — If  a  nerve  be  so  arranged  upon  the 
electrodes  (fig.  407,  I)  that  its  transverse  section 
lies  on  one,  and  its  longitudinal  on  the  other  elec- 
trode, then  the  galvanometer  indicates  a  strong 
current.  If  now  a  constant  current  be  transmitted 
through  the  end  of  the  nerve  projecting  beyond  the 
electrodes  (the  so-called  i^olarising''  end  of  the 
nerve),  and  if  the  direction  of  this  current  coincide 
with  that  in  the  nerve,  then  the  magnetic  needle 
gives  a  greater  deflection,  indicating  an  increase  of 
the  nerve-current — "  the  positive  phase  of  elec- 
trotonus." The  increase  is  greater  the  longer 
the  stretch  of  nerve  traversed  by  the  current,  the 
stronger  the  galvanic  current,  and  the  less  the  dis- 
tance between  the  part  of  the  nerve  traversed  by 
the  constant  current  and  that  on  the  electrodes. 

2.  Negative  Phase  of  Electrotonus.— If  in  the 
same  length  of  nerve,  the  constant  current  passes 
in  the  opposite  direction  to  the  nerve-current  (fig. 
407,  II),  there  is  a  diminution  of  the  electro- 
motive force  of  the  latter — "negative  phase  of  Nerve-current  in  electrotonus.  a, 
electrotonus  "  galvanometer ;   h,  electrodes  ;  E, 

3.  Equator.— If  two  points  of  the  nerve  equi-    constant  current. 

distant  from  the  equator  be  placed  on  the  electrodes  (III),  there  is  no  deflection  of 
the  galvanometer  needle  (p.  555,  4).  If  a  constant  current  be  passed  through  one 
free  projecting  end  of  the  nerve,  then  the  galvanometer  indicates  an  electro-motive 
effect  in  the  same  direction  as  the  constant  current. 

Electrotonus. — These  experiments  show  that  a  constant  current  causes  a  change 
of  the  electro-motive  force  of  the  part  of  the  nerve  directly  traversed  by  the  constant 

2  N 


Fig.  407. 
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current,  i.e.,  in  the  intrapolar  area,  and  also  in  the  part  of  the  nerve  outside  the 
electrodes,  i.e.,  in  the  extrapolar  area.  This  condition  is  called  electrotonus 
{du  Bois-Reymond,  1843). 

The  electrotonic  current  is  strongest  not  far  from  the  electrodes,  and  it  may  be  twenty-five 
times  as  strong  as  the  nerve-current  of  rest  (§  331,  5)  ;  it  is  greater  on  the  anode  than  on  the 
cathode  side ;  it  undergoes  a  negative  variation  like  the  resting  nerve-current  during  tetanus  ; 
it  occurs  at  once  on  closing  the  constant  current,  although  it  diminishes  uninterruptedly^  at 
the  cathode  {dii,  Bois-Ucymond).  On  tlie  contrary,  between  the  electrodes,  besides  the  polarising 
current  itself,  there  is  no  obvious  electrotonic  increase  of  the  current  to  be  observed  {Hermann). 
These  phenomena  take  place  only  as  long  as  the  nerve  is  excitable.  If  the  nerve  be  ligatured 
in  the  projecting  part  in  the  galvanometer  circuit,  the  phenomena  cease  in  the  ligatured  part. 
The  above-described  galvanic  electrotonic  changes  of  the  extra-polar  part  are  absent  in  non- 
medullated  nerve-fibres,  whilst,  on  the  contrary,  the  physiological  electrotonus  is  present. 
The  physiological  electrotonus  of  meduUated  nerves  can  be  set  aside  by  treating  meduUated 
nerves  with  ether,  whilst  the  physical  phenomena  remain  {Biede'iinann). 

The  negative  variation  (§  332)  occurs  more  rapidly  than  the  electrotonic  increase  of  the  current, 
.so  that  the  former  is  over  before  the  electro-motive  increase  occurs.  The  velocity  of  the  electro- 
tonic change  in  the  current  is  less  than  the  vajtidity  of  propagation  of  the  excitement  in  the 
nerves — being  only  8  to  10  metres  per  second  {Tschirjcw,  Bernstein). 

"The  secondary  contraction  from  a  nerve"  depends  upon  the  electrotonic  state.  If  the 
sciatic  nerve  of  a  frog's  nerve-muscle  preparation  be  placed  on  an  excised  nerve,  and  if  a  con- 
stant current  be  passed  through  the  free  end  of  the  latter— non-electrical  stimuli  being  inactive 
—the  muscles  contract.  This  occurs  because  the  clectrotonising  current  in  the  excised  nerve 
stimulates  the  nerve  lying  on  it.  By  rapidly  closing  and  opening  the  current,  we  obtain 
"  secondanj  tetanus  from  a  nerve"  (p.  559). 

[Paradoxical  Contraction. — Exactly  the  same  occurs  when  the  current  is  applied 
to  one  of  the  two  branches  into  which  the  sciatic  nerve  of  the  frog  divides.  The 
sciatic  nerve  of  the  frog  divides  at  the  lower  end  of  the  thigh  into  the  peroneal  and 
tibial  branches.  If  the  sciatic  nerve  be  divided  above,  and  the  peroneal  branch  be 
also  divided  and  stimulated  with  interrupted  induction  shocks,  the  muscles  supplied 
by  the  tibial  branch  will  contract.  There  is  no  contraction  of  the  muscle  if  the 
peroneal  nerve  be  ligatured.] 

Polarising  After-Currents. — AVhen  the  constant  current  is  opened,  there  are  after-currents 

depending  upon  internal  polarisation  (§  328).  In  living  nerves,  muscle,  and  electrical  organs 
this  internal  polarisation  current,  when  a  strong  primary  current  of  very  short  duration  is 
used,  is  aXways  2^csitivc,  i.e.,  has  the  same  direction  as  the  primary  current.  Prolonged  dura- 
tion of  the  primaiy  current  ultimately  causes  negative  polarisation.  Between  these  two  is  a  stage 
when  there  is  no  polarisation.  Positive  polarisation  is  especially  strong  in  nerves  when  tlie 
primary  current  has  the  direction  of  the  impulse  in  the  nerve  ;  in  muscle,  when  the  primary 
current  is  directed  from  the  point  of  entrance  of  the  nerve  into  the  muscle  towards  the  end  of 
the  muscle  (§  334,  II.). 

4.  Muscle-Current  during  Electrotonus. — The  constant  current  also  produces 
an  electrotonic  condition  in  muscle  ;  a  constant  current  in  the  same  direction  in- 
creases the  muscle-current,  while  one  in  an  opposite  direction  weakens  it,  but  the 
action  is  relatively  feeble. 

[Electrotonic  Phenomena  in  Conductors.— Matteucci  found  that  a  metallic  wire  surrounded 
by  a  moist  conductor,  when  traversed  by  a  galvanic  current,  exhibits  currents  possessing  the 
properties  of  electrotonic  currents  of  nerves.  He  also  found  that  the  currents  ceased  if  the 
wire  was  of  zinc,  and  the  envelope  a  saturated  solution  of  zinc  sulphate.  This  shows  that 
these  currents  were  due  to  polarisation  between  the  core  and  the  tluid.  Hermann  finds  that 
the  currents  only  obtain  when  a  polarisable  core  is  present.  A  straw  without  joints,  if  filled 
with  a  saturated  solution  of  cammon  salt,  or  the  tentacles  of  a  lobster  when  moistened  with 
saline  solution,  and  traversed  by  a  constant  current,  exhibit  similar  electrotonic  currents 
(Hcring).] 

334.  THEORIES  OF  MUSCLE-  AND  NERVE-CURRENTS.— I.  Molecular 

or  pre-existence  Theory. — To  explain  the  currents  in  muscle  and  nerve,  du  Bois- 
Reymond  proposed  the  so-called  molecular  theory.  According  to  this  theory,  a 
nerve-  or  muscle-fibre  is  composed  of  a  series  of  small  electro-motive  molecules 
arranged  one  behind  the  other,  and  surrounded  by  a  conducting  indifferent  fluid. 
The  molecules  are  supposed  to  have  a  positive  equatorial  zone  directed  towards  the 
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surface,  and  two  negative  polar  surfaces  directed  towards  the  transverse  section. 
Every  fresh  transverse  section  exposes  new  negative  surfaces,  and  every  artificial 
longitudinal  section  new  positive  areas. 

This  scheme  explains  the  strong  currents,— when  the  +  longitntlinal  surface  is  connected 
with  the  -  transverse  surface,  a  current  is  obtained  from  the  former  to  the  latter,— but  it  does 
not  explain  the/ce&Zc  currents.  To  explain  their  occurrence  we  must  assume  that,  on  the  one 
hand,  the  electro-motive  force  of  the  molecules  is  weakened  with  varying  rapidity  at  unequal 
distances  from  the  equator  ;  on  the  other,  at  unequal  distances  from  the  transverse  section. 
Then,  of  course,  dilferences  of  electrical  tension  obtain  between  the  stronger  and  the  feebler 
molecules. 

Parelectronomy.— But  the  natural  transverse  section  of  a  muscle,  i.e.,  the  end  of  the  tendon, 
IS  not  negative,  but  more  or  less  positive  electrically.  To  explain  this  condition,  du  Bois- 
Reymond  assumes  that  on  the  end  of  the  tendon  there  is  a  layer  of  electro-positive  muscle- 
substance.  He  supjioses  that  each  of  the  peripolar  elements  of  muscle  consists  of  two  bipolar 
elements,  and  that  a  layer  of  this  /ta// element  lies  at  the  end  of  the  tendon,  so  that  its  positive 
side  is  turned  towards  the  free  surface  of  the  tendon.  This  layer  he  calls  the  "  parelectronomic 
layer."  It  is  never  completely  absent.  Sometimes  it  is  so  marked  as  to  make  the  end  of  the 
tendon  +  in  relation  to  the  surface.  Cauterisation  destroys  it.  [It  is  supposed  to  be  favoured 
by  cold.] 

The  negative  variation  is  explained  by  supposing  that,  during  the  action  of  a  muscle  and 
nerve,  the  electro-motive  force  of  all  the  molecules  is  diminished.  During  partial  contraction 
of  a  muscle,  the  contracted  part  assumes  more  the  characters  of  an  indifferent  conductor,  which 
now  becomes  connected  with  the  negative  zone  of  the  passive  contents  of  the  muscular  fibres. 

The  electrotouic  currents  beyond  the  electrodes  in  nerves  must  be  explained.  To  explain  the 
electrotonic  condition,  it  is  assumed  that  the  bipolar  molecules  are  capable  of  rotation.  The 
polarising  current  acts  upon  the  direction  of  the  molecules,  so  that  they  turn  their  negative 
surfaces  towards  the  anode,  and  their  positive  surfaces  to  the  cathode,  whereby  the  molecules  of 
the  intrapolar  region  have  the  arrangement  of  a  Volta's  pile.  In  the  part  of  the  nerve  outside 
the  electrodes,  the  further  removed  it  is,  the  less  precisely  are  the  molecules  arranged.  Hence, 
the  swing  of  the  needle  is  less,  the  further  the  extrajiolar  portion  is  from  the  electrodes. 

II.  DilFerence  or  Alteration  Theory. — The  difference  theory  was  proposed  by 
L.  Hermann,  and,  according  to  him,  the  four  following  considerations  are  sufficient 
to  explain  the  occurrence  of  the  galvanic  phenomena  in  living  tissues  : — (1)  Proto- 
plasm, by  undergoing  partial  death  in  its  continuity,  whether  by  injury  or  by 
(horny  or  mucous)  metamorphosis,  becomes  negative  towards  the  uninjured  part. 
(2)  Protoplasm,  by  being  partially  excited  in  its  continuity,  becomes  negative  to 
the  uninjured  part.  (3)  Protoplasm,  when  partially  heated  in  its  continuity, 
becomes  positive,  and  by  cooling  negative,  to  the  unchanged  part.  (4)  Proto- 
plasm is  strongly  polarisable  on  its  surface  (muscle,  nerve),  the  polarisation 
constants  diminishing  with  excitement  and  in  the  jDrocess  of  dying. 

Streamless  Fresh.  Muscles. — It  seems  that  passive,  uninjured,  and  absolutely 
fresh  nerves,  and  muscles,  are  completely  devoid  of  a  current,  e.g.,  the  heart 
{Engelmann),  also  the  musculature  of  fishas  while  still  covered  by  the  skin. 

[According  to  Hermann,  the  currents  obtained  from  muscle  are  due  to  injury  of 
the  muscle-substance,  whereby  a  difference  of  potential  is  set  up,  the  injured  part 
being  negative  to  the  uninjured.  In  fact,  it  is  impossible  to  isolate  a  muscle  with- 
out injuring  it,  owing  to  its  connections.  Frogs  exhibit  skin-currents  after  the 
skin  is  destroyed ;  the  muscles  still  exhibit  currents,  but  Hermann  explains  this  by 
the  action  of  the  irritant,  used  to  destroy  the  skin,  also  affecting  the  muscle.  In 
fishes,  however,  there  are  no  skin-currents,  and  if  they  be  curarised,  absolutely  no 
current  is  obtained  from  their  uninjured  muscles  (Hermann).  The  heart  also  when 
passive  and  uninjured  gives  no  current,  although  it  exhibits  an  action-current  when 
it  contracts,  and  every  injured  part  in  it  possesses  a  negative  electrical  potential 
with  reference  to  the  rest.] 

L.  Hermann  also  finds  that  the  muscle-current  is  always  developed  after  a  time,  which  is  very 
short,  when  a  new  transverse  section  is  made.  [By  means  of  his  "  Fall-rheotom, "  an  arrange- 
ment'whereby  a  weight,  covered  with  shagreen,  injured  a  muscle,  and  at  the  same  time,  closed 
and  opened  a  galvanometer  circuit,  Hermann  was  able  to  show  that  the  current— demarcation- 
current — took  a  certain  time  to  develop.  Had  it  been  pre-existent,  as  supposed  by  du  Bois- 
Reymond,  this  ought  not  to  have  been  the  case.  ] 
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Demarcation-Ciin-ent. — Every  injury  of  a  muscle  or  nerve  causes  at  the  point  of  injury 
(dcmarcaliun  sa rfacc)  a  dying  substance,  which  behaves  negatively  to  the  positive  intact  substance. 
The  current  thus  produced  is  called  by  Hermann  the  dcmarcatioii-cu7'renL"  If  individual 
parts  of  a  nuisele  be  moistened  with  potash  salts  or  muscle-juice,  they  become  negatively  electrical ; 
if  these  substances  be  removed  these  parts  cease  to  be  negative  (Bicdcnnann). 

It  appears  that  all  living  protoplasmic  substance  has  a  special  propert}%  whereby  injury  of  a 
part  of  it  makes  it,  when  dying,  negative,  while  tlie  intact  parts  remain  positively  electrical. 
Thus,  all  transverse  sections  of  living  parts  of  plants  are  negative  to  their  surface  {Btiff} ;  and  the 
same  occurs  in  animal  parts,  e.g.,  glands  and  bones.  Engelmann  made  the  remarkable  observa- 
tion that  the  heart  and  smooth  muscle  again  lose  the  negative  condition  of  their  transverse 
section,  when  the  muscle-cells  are  completely  dead,  as  far  as  the  cement-substance  of  the  nearest 
cells  ;  in  nerves,  when  the  divided  portion  dies,  as  far  as  the  first  node  of  Ranvier.  "When  all 
these  organs  are  again  completely  streamless,  then  the  absolutely  dead  substance  behaves 
essentially  as  an  indifferent  moist  conductor.  Muscles  divided  subcutaneously  and  healed  do 
not  exhibit  a  negative  reaction  of  the  surface  of  their  section. 

All  these  considerations  go  to  show  that  tlie  2)re-existence  of  a  cunxnt  in  living 
uninjured  tissues  can  no  longer  he  maintained. 

Theoretical.  — Griinhagen  and  L.  Hermann  explain  the  electrotonic  currents  as  being  due  to 
internal  polarisation  in  the  nerve-fibre  between  the  conducting  core  of  the  nerve  and  the  enclos- 
ing sheaths.  Matteucci  found  that,  when  a  wire  is  surrounded  with  a  moist  conductor,  and  the 
covering  placed  in  connection  with  the  electrodes  of  a  constant  current,  currents  similar  to  the 
electrotonic  currents  in  nerves,  and  due  to  polarisation,  are  developed.  If  either  the  wire  or 
the  moist  covering  be  interrupted  at  any  part,  then  the  polarisation  current  does  not  extend 
beyond  the  rupture  (p.  562).  The  polarisation  developed  on  the  surface  of  the  wire  by  its 
transition-resistance  causes  the  conducted  current  to  extend  much  beyond  the  electrodes. 

Muscles  and  nerves  consist  of  fibres  surrounded  by  indifierent  conductors.  As  soon  as  a  con- 
stant current  is  closed,  on  their  surface,  internal  polarisation  is  developed,  which  produces  the 
electrotonic  variation  ;  it  disappears  again  on  opening  or  breaking  the  current.  Polarisation  is 
detected  by  the  fact  that,  in  living  nerve,  the  galvanic  resistance  to  conduction  across  a  fibre  is 
about  five  times,  and  in  muscles  about  seven  times  greater  than  in  the  longitudinal  direction. 

Action-Currents. — The  term  "action-current"  is  applied  by  L.  Hermann  to  the  currents 
obtained  during  the  activity  of  a  miiBcle  or  nerve.  When  a  single  stimulation-wave  (contrac- 
tion) passes  along  muscular  fibres,  which  are  connected  at  two  points  with  a  galvanometer,  then 
that  point  through  which  the  wave  is  just  passing  is  negative  to  the  other.  Occasionally,  in 
excised  muscles,  local  contractions  occur,  and  these  points  are  negative  to  the  other  passive 
parts  of  the  muscle  {Bicdermaim).  In  order,  therefore,  to  explain  the  currents  obtained  from 
a  frog's  leg  during  tetanus,  we  must  assume  that  the  end  of  the  fibre  which  is  negative  partici- 
pates less  in  the  excitement  than  the  middle  of  the  fibre.  But  this  is  the  case  only  in  dying  or 
fatigued  muscles. 

According  to  §  336,  D,  the  direct  application  of  a  constant  current  to  a  muscle  causes  con- 
traction first  at  the  cathode,  when  the  current  is  closed,  and  when  it  is  opened,  at  the  anode. 
This  is  explained  by  assuming  that,  during  the  closing  contraction,  the  muscle  is  negative  at 
the  cathode,  while  with  the  opening  contraction  the  negative  condition  is  at  the  anode. 

If  a  muscle  be  thrown  into  contraction  by  stimulating  its  nerve,  then  the  wave  of  excitement 
travels  from  the  entrance  of  the  nerve  to  both  ends  of  the  muscle,  which  also  behave  negatively 
to  the  passive  parts  of  the  muscle.  According  to  the  point  at  which  the  nerve  enters  the  muscle, 
the  ascending  or  descending  wave  of  excitement  will  reach  the  end  (origin  or  insertion)  of  the 
muscle  sooner  than  the  other.  On  placing  such  a  muscle  in  the  galvanometer  circuit,  then  at 
first  that  end  of  the  muscle  will  be  negative  which  lies  nearest  to  the  point  of  entrance  of  the 
nerve  {e.g.,  the  upper  end  of  the  gastrocnemius),  and  afterwards  the  lower  end.  Thus,  there 
appears  rapidly  after  each  other,  at  first  a  descending,  and  then  an  ascending,  current'in  the 
galvanometer  circuit,  of  course  reversed  within  the  muscle  itself  {Sig.  Mayer)  (§  332,  4). 

The  same  occurs  in  the  muscles  of  the  human  fore-arm.  When  these  were  caused'  to  contract 
through  their  nerves,  at  first  the  point  of  entrance  of  the  nerve  (10  cm.  above  the  elbow-joint) 
was  negative,  and  then  followed  the  ends  of  the  muscles  when  the  contraction -wave  with  a 
velocity  of  10  to  13  metres  per  second,  reached  them  {L.  Hermann)  (§  399,  1). 

If  a  completely  uninjured,  streamless  muscle  be  made  to  contract  directly  and  in  toto,  then 
neither  during  a  single  cbntraction,  nor  in  tetanus,  is  there  a  current,  because  the  whole  of  the 
muscle  passes  at  the  same  moment  into  a  condition  of  contraction. 

Nerve-Currents.— Hermann  also  supposes  that  the  contents  of  dying  or  active  nerves  behave 
negatively  to  the  passive  normal  portions. 

Imbibition  Currents.— When  water  flows  through  capillary  spaces,  this  is  accompanied  bv 
an  electrical  movement  in  the  same  direction  {Quincke,  Zolhier).  Similarly,  the  forward  move- 
ment of  water  in  the  capillary  interspaces  of  non-living  parts  (pores  of  a  porcelain  plate)  is  also 
connected  with  electrical  movements,  which  have  the  same  direction  as  the  current  of  water 
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The  same  effect  occurs  in  the  movement  of  water,  -which  results  in  that  condition  known  as 
imbibition  of  a  body.  We  must  remember,  tliat  at  the  demarcation  surface  of  an  injured  nerve 
or  muscle,  imbibition  takes  place  ;  that  also  at  the  contracted  parts  of  a  muscle  imbibition  of 
liuid  occurs  (§  227,  II.) ;  and  that  during  secretion  there  is  a  movement  of  the  fluid  particles. 

In  plants,  electrical  phenomena  have  been  observed  during  the  2Mssive  bending  of  vegetable 
l)arts  (leaves  or  stalks),  as  well  as  during  the  active  movements  which  are  associated  with  the 
bending  of  certain  parts,  e.g.,  as  in  the  mimosa  and  diontea  {Burdon- Sanderson).  These 
phenomena  are  perhaps  explicable  by  the  movement  of  water  which  must  take  place  in  the 
interior  of  the  vegetable  parts  {A.  G.  KunJcel).  The  root  cap  of  a  sprouting  plant  is  negative 
to  the  seed  coverings  {Hermann)  ;  the  cotyledons  positive  to  the  other  parts  of  the  seedling 
{MiiUer-Hcttlingcn).  In  the  incubated  hen's  egg,  the  embryo  is  +  ,  the  yelk  -  {Hermann  and 
V.  Gendre). 

335.  ELECTRONIC  ALTERATION  OF  THE  EXCITABILITY.— Cause  of 

Electrotonus. — If  a  certain  stretch  of  a  living  nerve  be  traversed  by  a  constant 
electrical  {'^polarising  "  )  current,  it  passes  into  a  condition  of  altered  excitability 
{Ritter,  1802,  and  others),  which  du  Bois-Eeymond  called  the  electrotonic  condition, 
or  simply  electrotonus.  This  condition  of  altered  excitability  extends  not  only  over 
the  part  actually  traversed  by  the  current,  intrapolar  2^ortion,  but  it  is  communi- 
cated to  the  entire  nerve,  i.e.,  to  the  extrapolar  portions.  Pfliiger  (1859)  discovered 
the  following  laws  of  electrotonus  : — 

At  the  positive  pole  or  (mode  (fig.  408,  A)  the  excitability  is  diminished — this 
is  the  region  of  anelectrotonus  ;  at  the  negative  pole  or  cathode  (K)  it  is  increased 
— this  is  the  region  of  cathelectrotonus.  The  changes  of  excitability  are  most 
marked  in  the  regions  of  the  poles  themselves. 

Indifferent  Point.— In  the  intrapolar  region  a  point  must  exist  where  the 
anelectrotonic  and  cathelectrotonic  regions  meet,  where  therefore  the  excitability  is 
unchanged ;  this  is  called  the  indifference  or  neutral  point.  This  point  lies 
nearer  the  anode  (i)  with  a  weak  current,  but  with  a  strong  current  nearer  the 
cathode  (i,)  ;  hence,  in  the  first  case,  almost  the  whole  intrapolar  portion  is  more 
excitable ;  in  the  latter,  less  excitable.  [Expressed  otherwise,  a  weak  current 
increases  the  area  over  which  the  negative  pole  prevails,  while  the  reverse  is  the 
case  with  a  strong  current.  Or  in  the  intrapolar  region,  the  diminution  of  excita- 
bility extends  as  the  strength  of  the  current  increases,  or  to  put  it  otherwise,  with 
an  increasing  strength  of  current,  the  indifferent  point  moves  from  the  positive  to 
the  negative  pole.]  Very  strong  currents  greatly  diminish  the  conductivity  at  the 
anode,  and  indeed  may  make  the  nerve  completely  iticajxtble  of  conduction  at  this 
part. 

At  the  cathode  also,  but  only  after  the  polarising  current  has  passed  for  some  time  through 
the  nerve  ( JVerigo),  the  excitability  is  diminished,  and  the  nerve  in  this  area  is  rendered 
incapable  of  conduction  {Griinhagen). 

Extrapolar  Region.— The  extrapolar  area,  or  that  lying  outside  the  electrodes, 
is  greater  the  stronger  the  current.  Further,  with  the  weakest  currents,  the  extra- 
polar  anelectrotonic  area  is  greater  than  the  extrapolar  cathelectrotonic.  With 
strong  currents  this  relation  is  reversed. 

Fig.  408  shows  the  excitability  of  a  nerve  {N,  n)  traversed  by  a  constant  current  in  the 
direction  of  the  arrow.  The  curve  shows  the  degree  of  increased  excitability  in  the  neighbour- 
hood of  the  cathode  {K)  as  an  elevation  above  the  nerve,  diminution  at  the  anode  {A)  as  a 
depression.  The  curve  m,  0,  ]),  r,  shows  the  degree  of  excitability  with  a  strong  current ; 
<',  f,  i,,  K  ^itli  ^  medium  current ;  lastly,  a,  b,  i,  c,  d,  with  a  weak  current. 
'  The'  electrotonic  effect  increases  with  the  length  of  the  nerve  traversed  by  the  current.  The 
chanf^es  of  the  excitability  in  electrotonus  occur  instantly  when  the  circuit  is  closed,  while 
anelectrotonus  develops  and  extends  more  slowly.  Cold  diminishes  electrotonus  {Hermann  and 
V.  Geirdre). 

When  the  polarising  current  is  opened  or  broken,  at  first  there  is  a  reversal  of 
the  relations  of  the  excitability,  and  then  there  follows  a  transition  to  the  normal 
condition  of  excitability  of  the  passive  nerve  {PflUger).  At  the  very  first  moment 
of  closing,  Wundt  observed  that  the  excitability  of  the  whole  nerve  was  increased. 
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I  Proof  of  Electrotonus  in  Motor  Nerves. -To  test  the  laws  of  electrotonus,  take  a  trog  s 
nerve  muscle  preparation  (fig.  401).  A  constant  current  (p.  542)  is  app  led  to  a  limited  par 
of  the  nerve  b?  means  of  non-polarisable  electrode.^.  A  stimulus,  electrical  chemical  (satura  ed 
solu  io  of  common  salt),  or  mechanical  is  applied  eitlier  in  the  region  of  the  anode  or  cathode  ; 
3  we  observe  whether  the  contraction  which  results  is  greater  when  the  polansmg  current  is 
onened  or  closed.    AVe  shall  consider  the  following  cases  (fig.  409).  .     ,  . 

(a)  Descending  extrapolar  anelectrotonus.  With  a  descending  current  we  have  to  test 
the  excitability  of  the  extrapolar  region  at  the  anode.  If  the  stimulus  (common  salt)  applied 
at  R  (while  the  circuit  was  open)  causes  in  this  case  (A)  moderately  strong  contractions  m  the 
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n 


Fig.  408. 

Scheme  of  the  electrotonic  excitability, 
limb,  then  these  at  once  become  weaker,  or  disappear  as  soon  as  the  constant  current  is  trans- 
mitted through  the  nerve.    After  the  circuit  is  opened,  the  contractions  produced  by  the  salt 
again  occur  of  the  original  strength. 

(b)  Descending  extrapolar  cathelectrotonous  (A).  The  stimulus  (salt)  is  at  Rj,  and  the 
contractions  thereby  produced  arc  at  once  increased  after  closing  the  polarising  current.  On 
opening  it  they  are  again  weakened. 

(c)  Ascending  extrapolar  anelectrotonus  (B).  The  salt  lies 
at  ;  the  moderately  strong  contractions  excited  by  the  salt 
before  the  current  is  made,  become  feebler  after  the  current  is 
made. 

(d)  Ascending  extrapolar  cathelectrotonus  (B).  The  salt  lies 
at  r.  In  this  case  we  must  distinguish  according  to  the  strength 
of  the  polarising  current  : — (1)  "When  the  current  is  very  locak, 
which  can  be  obtained  with  the  aid  of  the  rheocord  (fig.  379),  on 
closing  the  polarising  current,  there  is  an  increase  of  the  con- 
traction produced  by  salt.  (2)  If,  however,  the  current  is  stronger, 
the  contractions  become  either  smaller  or  cease.  This  is  due  to 
the  fact  that  with  strong  currents  the  conductivity  of  the  nodes 
is  diminished  or  even  abolished  (p.  565).  Although  the  salt 
acts  on  the  excitable  nerve,  there  is  no  contraction  of  the  muscle, 
as  the  conduction  of  an  impulse  is  prevented  by  the  resistance  in 
the  nerve. 

The  law  of  electrotonus  may  also  be  demonstrated  on  a  com- 
pletely isolated  nerve.  The  end  of  the  nerve  is  properly  disposed 
upon  electrodes  connected  with  a  galvanometer,  so  as  to  obtain 
a  strong^  current.  If  the  nerve,  vvlien  the  constant  current  is 
closed,  is  stimulated  in  the  anelectrotonic  area,  e.g.,  by  an  in- 
duction shock,  then  the  negative  variation  is  weaker  than  when 
the  polarising  circuit  was  open.  Conversely,  it  is  stronger  when 
it  is  stimulated  in  the  cathelectrotonic  area.  The  currents  from 
the  extrapolar  areas  of  a  nerve  in  a  condition  of  electrotonus, 
com-  exhibit  the  negative  variation  when  the  nerve  is  stimulated 
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[Tigerstedt,  instead  of  employing  an  electrical  or  chemical 
stimulus  to  excite  the  electrotonic  nerve,  used  an  apparatus  like  Heidenhain's  tetanometer, 
whereby  the  nerve  was  beaten  gently  with  a  small  ivory  hammer.  He  fully  confirms  Pfliiger's 
results.  ] 

Proof  in  Man.— In  performing  this  experiment  it  is  important  to  remember  the  distribution 
of  the  current  in  the  body.  If  both  electrodes,  for  example,  be  placed  over  the  course  of  the 
ulnar  nerve  (fig.  410),  the  currents  entering  the  nerve  at  the  anode  (-t-  a  a)  must  diminish  the 
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excitability  ;  only  above  and  below  the  anode  (at  c  c)  the  positive  current  emerges  from  the 


tro tonus)  {v.  HelmhoUz,  Erb).  If  we  desire  to  stimulate  in  the  neighbourhood  of  an  electrode, 
then  we  cannot  act  upon  that  part  of  the  nerve  whose  excitability  is  influenced  by  the  electrode, 
in  onler,  therefore  to  stimulate  directly  the  same  point  on  which  the  electrode  acts,  it  is 
necessary  to  apply  the  stimulus  at  the  same  time  by  the  electrode  itself,  e.g.,  either  mechani- 
*5Stot7Zc)*^°'  stimulating  current  through  the  polarising  circuit  ( ^Fft^^cr  and  de 

f  "^in"^  .^l^ct^oto'i^  in  Sensory  Nerves. —Isolate  the  sciatic  nerve  of  a  decapitated 
irog.  When  this  nerve  is  stimulated  iu  its  course  with  a  saturated  solution  of  common  salt, 
reflex  movements  are  excited  in  the  other  leg,  the  spinal  cord  being  intact.  These  disappear  as 
soon  as  a  constant  current  is  applied  to  the  nerve,  provided  the  salt  lies  in  the  anelectrotonic 
area  [Pfluger  and  Zurhclle,  HaUstin). 

m.  Proof  of  Electrotonus  in  Inhibitory  Nerves.— To  show  this,  proceed  thus  :— On  causing 
dyspncea  in  a  rabbit,  the  number  of  heart-beats  is  diminished,  owing  to  the  action  of  the 
dyspuoeic  blood  on  the  cardio-inhibitory  centre  iu  the  medulla  oblongata.  If,  after  dividing 
the  vagus  on  one  side,  a  constant  descending  current  be  passed  through  the  other  intact  vagus, 
tlie  number  of  pulse-beats  is  again  increased  (descending  extrapolar  anelectrotonus).  If,  how- 
ever, the  current  through  the  nerve  be  an  ascending  one,  then  with  weak  currents  the  number 


Fig.  410. 

Scheme  of  the  distribution  of  an  electrical  current  in  the  nerve  on  galvanising  the 

ulnar  nerve. 

of  heart-beats  increases  still  more  (ascending  extrapolar  cathelectrotonus).  Hence,  the  action  of 
inhibitory  nerves  in  electrotonus  is  the  opjiosite  of  that  in  motor  nerves. 

During  the  electrotonus  of  muscle,  the  excitability  of  the  i)itra2)olar  portion  is 

altered.    The  delay  in  the  conduction  is  confined  to  this  area  alone  (v.  Bezold) — 

compare  §  337,  1. 

336.  ELECTROTONUS— LAW  OF  CONTRACTION.— Opening  and  Closing; 
Shocks. — A  nerve  is  stimulated  both  at  the  moment  of  the  occurrence  and  that  of 
disappearance  of  electrotonus  {i.e.,  by  closing  and  opening  the  current — Hitter): — 
(1)  When  the  current  is  closed,  the  stimulation  occurs  only  at  the  cathode,  i.e.,  at 
the  moment  w^hen  the  electrotonus  takes  place.  (2)  When  the  current  is  opened, 
stimulation  occurs  only  at  the  anode,  i.e.,  at  the  moment  when  the  electrotonus 
disappears.  [This  is  Pfliiger's  well-known  principle — "  A  given  tract  of  nerve  is  stimtt- 
lated  by  the  appearaTice  of  cathelectrotonus  and  the  disappearance  of  anelectrotonus — not, 
however,  hy  the  disappearance  of  cathelectrotonus  nor  by  the  ajopearance  of  anelectro- 
tonus." From  this  principle  can  be  deduced  the  law  of  contraction.]  (3)  The 
stimulation  at  the  occurrence  of  cathelectrotonus  is  stronger  than  that  at  the  dis- 
appearance of  anelectrotonus  [Pfluger). 

Ritter's  Opening  Tetanus.— That  stimulation  occurs  only  at  the  anode,  when  the  current  i.s 
opened,  was  proved  by  Pflliger  by  means  of  "  Ritter's  opening  tetanus."  Ritter's  tetanus  con- 
sists in  this,  that  when  a  constant  current  is  passed  for  a  long  time  through  a  long  stretch  of 
nerve,  on  opening  the  current,  tetanus  lasting  for  a  considerable  time  results.    If  the  current 
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was  a  descendin'^  one,  then  this  tetanus  ceases  at  once  after  section  of  the  intrapolar  area,  a 
liroof  that  the  tetanus  resulted  from  the  now  separated  anode.  If  the  current  was  an  ascending 
one,  section  of  the  nerve  has  no  effect  on  the  tetanus. 

Pfiii"er  and  v.  Bezohl  found  a  further  proof  that  the  closing  or  make  contraction  proceeds  f  rom 
the  cathode,  and  the  openinrj  or  break  contraction  from  the  anode,  by  showing  that  with  a  descend- 
ing current,  the  closing  contraction  in  the  muscle,  at  the  moment  of  closing  occurred  earher 
while  the  opening  contraction  at  the  moment  of  opening  occurred  later;  and,  conversely,  with 
an  ascending  current  the  closing  contraction  occurred  later,  and  the  opening  contraction 
sooner.  The  ditierence  in  time  corresponds  to  tlie  time  required  for  the  propagation  of  the 
impulse  in  the  intrapolar  region  (§  337).  If  a  large  part  of  the  intrapolar  region  m  a  frogs 
nerve  be  rendered  inexcitahle  by  ai)plying  ammonia  to  it,  then  only  the  electrode  next  tlie 
muscle  stimulates,  i.e.,  always  oil  closing  or  making  a  descending  current  and  on  opening  or 
breaking  an  ascending  one  {Bicdermann). 

A.  The  law  of  contraction  is  valid  for  all  kinds  of  nerves— I.  The  contraction 
occurring  at  the  closing  or  opening  of  a  constant  current  varies  with  {a)  the  direc- 
tion {Pfaf),  and  (b)  the  strength  of  the  current  {Ileidenhain). 

(1)  Very  feehle  currents,  in  conformity  with  the  third  of  the  above  statements, 
cause  only  a  closing  contraction,  both  with  an  ascending  and  a  descending  current. 
The  disappearance  of  electrotonus  is  so  feeble  a  stimulus  as  not  to  excite  the  nerve.- 

(2)  Medium  currents  cause  opening  or  closing  contractions  both  with  an  ascending 
and  descending  current. 

(3)  Very  strong  currents  cause  only  a  dosing  contraction  Avith  a  descending 
current ;  the  opening  shock  does  not  occur,  because,  with  very  strong  currents, 
almost  the  whole  of  the  intrapolar  portion  of  the  electrotonic  nerve  is  incapable  of 
conducting  an  impulse  (p.  565).  Ascending  currents  cause  only  an  opening  contraction 
for  the  same  reason.  With  a  certain  strength  of  current,  the  muscle  remains 
tetanic  Avhile  the  current  is  closed  ("  closing  tetanus  "). 

[The  law  of  contraction  is  formulated  : — R  =  rest ;  C  =  contraction.] 
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II.  In  a  dying  nerve,  losing  its  excitability,  according  to  the  Eitter-Valli  law 
(§  325,  7),  the  law  of  contraction  is  modified.  In  the  stage  of  increased  excitability, 
/oeak  currents  cause  only  closing  contractions  with  both  directions  of  the  current. 
In  the  following  stage,  when  the  excitability  begins  to  diminish,  weak  currents  cause 
opening  and  closing  contractions  with  both  currents.  Lastly,  when  the  excitability 
is  very  greatly  diminished,  the  descending  current  is  followed  only  by  a  closing 
contraction,  and  the  ascending  by  an  opening  contraction  {Ritter,  1829), 

III.  As  the  various  changes  in  excitability  occur  in  a  centrifugal  direction  along 
the  nerve,  we  may  detect  the  various  stages  simultaneously  at  different  parts  along 
the  course  of  the  nerve.  According  to  Valentin  and  Fick,  the  living  intact  nerve 
shows  only  a  closing  contraction  with  both  directions  of  the  current,  and  opening 
contractions  only  with  very  strong  currents. 

Fleischl's  Law  of  Contraction. —Y.  rieischl  and  Strieker  have  stated  a  different  law,  in 
respect  to  the  fact,  that  the  excitability  varies  at  certain  points  in  the  course  of  a  nerve.  The 
sciatic  nerve  is  divided  into  three  areas  :— (1)  Stretches  from  the  muscle  to  the  place  where  the 
branches  for  the  thigh  muscles  are  given  off;  (2)  from  here  to  the  intervertebral  ganglion;  (3) 
from  here  into  the  spinal  cord.  Each  of  these  three  areas  consists  of  two  parts  ("upper 'and 
lower  pole  "),  which  adjoin  each  other  at  an  equator.  In  each  upper  pole,  the  excitability  of 
the  nerve  is  greater  foi-  descending  currents,  and  in  each  lower  pole  for  ascending  ones.  At 
each  equator  the  excitability  of  the  nerve  is  the  same  for  ascending  and  descending  currents. 
The  difference  in  the  activity,  due  to  the  direction  of  the  current,  is  greater  for  eaclf  stretch  of 
nerve  the  greater  this  stretch  is  distant  from  the  equator.  The  excitabilitv  is  less  at  those 
])oints  of  the  nerve  whei  e  the  three  areas  join  each  other. 
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Eckhavd  observed  that,  on  opening  an  ascending  medium  current  applied  to  the  hypoglossal 
nerve  of  a  rabbit,  one-half  of  the  tongue  exhibited  a  trembling  movement  instead  of  a  contrac- 
tion, while  on  closing  a  descending  current,  the  same  result  occurred  (§  297,  3).  According  to 
Pfliiger,  the  molecules  of  the  passive  nerve  are  in  a  certain  state  of  uaediuin  niobilit)\  In 
cathelectrotonus  the  mobility  of  the  molecules  is  increased,  in  anelectrotonus  diminished. 

B.  The  law  for  inhibitory  nerves  is  similar.  Moleschott,  v.  Bezold,  and 
Bonders  have  found  similar  results  for  the  vagus,  with  this  difference,  that,  instead 
of  the  contraction  of  a  muscle,  there  is  inhibition  of  the  heart. 

C.  For  sensory  nerves  also  the  result  is  the  same,  but  we  must  remember  that 
the  perceptive  organ  lies  at  the  central  end  of  the  nerve,  while  in  a  motor  nerve  it 
is  at  the  periphery  (muscle).  Pfliiger  studied  the  effect  of  closing  and  opening 
a  current  on  sensory  nerves  by  observing  the  reflex  movement  which  resulted. 
Weak  currents  cause  only  closing  contractions ;  medmm  currents  both  opening  and 
closing  contractions ;  strong  descending  currents  only  opening  contractions  ;  and 
ascending  only  closing  contractions.  Weak  currents  applied  to  the  human  skin 
cause  a  sensation  with  both  directions  of  the  current  only  at  closing  ;  strong  descend- 
ing currents  a  sensation  only  at  opening  ;  strong  ascending  currents  a  sensation 
only  at  closing  {Marianini,  Matteucci).  When  the  current  is  closed,  there  is  prickly 
feeling,  which  increases  with  the  strength  of  the  current  (Vo/ta).  Analogous 
phenomena  have  been  observed  in  the  sense  organs  (sensations  of  light  and  sound) 
by  Volta  and  Ritter. 

D.  In  muscle,  the  law  of  contraction  is  proved  thus — by  fixing  one  end  of  the 
muscle,  keeping  it  tense,  so  that  it  cannot  shorten,  and  opening  and  closing  the 
current  at  this  end.  The  end  of  the  muscle,  which  is  free  to  move,  shows  the  same 
law  of  contraction  as  if  the  motor  nerve  were  stimulated  (v.  Bezold).  On  closing 
the  current,  the  contraction  begins  at  the  cathode  ;  on  opening,  at  the  anode 
(U/igelmann).  E.  Hering  and  Biedermann  showed  more  clearly  that  both  the 
closing  and  opening  contractions  are  purely  polar  effects ;  when  a  iveak  current 
applied  to  a  muscle  is  closed,  the  first  effect  is  a  small  contraction  limited  to  the 
cathodic  surface  of  the  muscle.  Increase  of  the  current  causes  increased  contraction 
which  extends  to  the  anode,  but  which  is  weaker  there  than  at  the  cathode ;  at  the 
same  time,  the  muscle  remains  contracted  during  the  time  the  current  is  closed. 
On  opening,  the  contraction  begins  at  the  anode;  even  after  opening,  the  muscle 
for  a  time  may  remain  contracted,  which  ceases  on  closing  the  current  in  the  same 
direction. 

By  killing  the  end  of  a  muscle  in  various  ways,  the  excitability  is  diminished  near  this  part. 
Hence,  at  such  a  place  the  polar  action  is  feeble  (van  Loon  and  Engclmann,  Biedermann). 
Touching  a  part  with  extract  of  flesh,  potash,  or  alcohol  diminishes  locally  the  polar  action, 
while  soda  salts  and  veratrin  increase  it  {Biedermann). 

Closing  Continued  Contraction. — The  moderate  continued  contraction,  which  is  sometimes 
observed  in  a  muscle  while  the  current  is  closed  (fig.  329,  O),  depends  upon  the  abnormal  pro- 
loncration  of  the  closing  contraction  at  the  cathode  when  a  strong  stimulus  is  used,  or  during 
the°stace  of  dying,  or  in  cooled  winter  frogs;  sometimes  the  opening  of  the  current  is 
accompanied  by  a  similar  contraction  proceeding  from  the  anode  {Biedermann).  This  tetanus 
is  also  due  to  the  summation  of  a  series  of  simple  contractions  (§  298,  III.).  By  acting  on  a 
muscle  with  a  2  per  cent,  saline  solution  containing  sodic  carbonate,  the  duration  of  the  con- 
traction is  increased  considerably,  and  occasionally  the  muscle  shortens  rhythmically  (§  296) 
{Biedermann). 

If  the  whole  muscle  is  placed  in  the  circuit,  the  closing  contraction  is  strongest 
with  both  directions  of  the  current ;  during  the  time  the  current  is  closed,  a  con- 
tinued contraction  is  strongest  when  the  current  is  ascending  ( Wundt). 

Inhibitory  Action. — The  constant  current,  when  applied  to  a  muscle  in  a  con- 
dition of  continued  and  sustained  contraction,  has  exactly  the  opposite  effect  to 
that  on  a  relaxed  muscle.  If  a  constant  current  be  applied  by  means  of  non- 
polarisable  electrodes  to  a  muscle  in  a  state  of  continued  contraction,  e.g.,  after 
poisoning  with  veratrin  or  through  the  contracted  ventricle,  when  the  current  is 
closed,  there  is  a  relaxation  beginning  at  the  anode  and  extending  to  the  other 
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parts;  on  opening  the  current  applied  to  muscle  in  continued  contraction,  the 
relaxation  proceeds  from  the  cathode. 

Corresponding  to  this  remarkable  phenomenon,  Biedermann  found  as  regards  tlie  currents 
in  tlie  muscle-substance  following  the  ordinary  law,  that  every  contracted  part  is  negative  to 
every  passive  section  of  the  muscle.  Perhaps  the  experiment  of  Pawlow,  who  found  nerve-hbres 
in  the  adductor  muscle  of  the  mussel,  whose  stimulation  caused  relaxation  of  the  muscular 
contraction,  may  throw  some  light  on  this  question. 

Ritter's  Opening  Tetanus. — If  a  nerve  or  muscle  be  traversed  by  a  constant 
current  for  some  time,  we  often  obtain  a  prolonged  tetanus,  after  opening  the 
current  (Ritter's  opening  tetanus,  1798).  It  is  set  aside  by  closing  the  original 
current,  while  closing  a  current  in  the  opposite  direction  increases  it  ("  Volta's 
alternative  ").  The  continued  passage  of  the  current  increases  the  excitability  for 
the  opening  of  the  current  in  the  same  direction,  and  for  the  closing  of  the  reverse 
current ;  conversely,  it  diminishes  it  for  the  closing  of  the  current  in  the  same 
direction,  and  for  the  opening  of  the  reverse  current  (Volta). 

According  to  Griitzner  and  Tigerstedt,  the  cause  of  the  opening  contraction  is  partly  due  to 
the  occurrence  of  polarising  after-currents  (§  333),  and  according  to  Hermann  to  a  diminution 
of- the  anodic  positive  polarisation. 

Engelmann  and  Griinhagen  explain  the  occurrence  of  opening  and  closing  tetanus,  thus,  as 
due  to  latent  stimulations,  drying,  variations  of  the  temperature  of  the  prepared  nerve,  which  of 
themselves  are  too  feeble  to  cause  tetanus,  but  which  become  effective  if  an  increased  excitability 
obtiiins  at  the  cathode  after  closure,  and  at  the  anode  after  opening  the  current. 

Biedermann  sliowed  that,  under  certain  conditions,  two  successive  opening  contractions  can 
be  obtained  in  a  frog's  nerve-muscle  preparation,  the  second  and  later  one  corresponding  to 
Ritter's  tetanus.  The  first  of  these  contractions  is  due  to  the  disappearance  of  anelectrotonus 
in  Pfliiger's  sense  ;  the  second  is  explained,  like  Ritter's  opening  tetanus,  in  Engelmann  and 
Griinhagen's  sense. 

Simultaneous  action  of  the  constant  current  and  the  nerve-current.  — Action  of  two  currents. 

In  a  nerve-muscle  preparation  used  to  prove  the  law  of  contraction,  of  course  a  demarcation- 
current  is  developed  in  the  nerve  (§  334,  II.).  If  an  artificial  weak  stimulating-current  be 
applied  to  such  a  nerve,  we  obtain  an  interference  effect  due  to  these  two  currents  ;  closing  a 
weak  constant  current  causes  a  contraction,  which,  however,  is  not  properly  a  closing  contrac- 
tion, but  depends  upon  the  opening  (or  derivation)  of  a  branch  of  the  demarcation-current ; 
conversely,  the  opening  of  a  weak  constant  current  may  excite  a  contraction,  which  is  really  due 
to  the  closing  of  a  side  branch  of  the  nerve-current,  in  a  secondary  circuit  through  the  electrodes 
{Hering,  Biedermann,  GrUtzner). 

If  two  induction  shocks  be  simultaneously  applied  to  a  motor  nerve,  two  cases  are  possible. 
Either  the  one  shock  is  so  feeble  that  the  nerve  is  not  thereby  sufficiently  excited  to  cause  a 
contraction,  while  the  other  shock  causes  only  a  feeble  contraction.  In  this  case,  the  sub- 
maximal  shock  plays  the  part  of  a  weak  constant  current,  and  the  .size  of  the  contraction 
de[^ends  only  upon  whether  the  effective  stimulus  was  'applied  in  the  area  of  the  anode  or  the 
cathode  of  the  submaximal  shock  [Sewall,  Grunhagen,  TV erigo).  If,  however,  unequal,  strong, 
induction  shocks,  each  of  which  is  effective — but  separated  from  each  other  on  account  of 
the  electrotonic  action — be  applied  to  a  nerve,  then  the  result  is  as  if  the  stronger  alone  was 
active.  The  feebler  wave  of  excitation  passes  completely  into  the  stronger  one  {Griinhagen, 
W erigo). 

337.  TRANSMISSION  OF  NERVOUS  IMPULSES.— 1.  If  a  motor  nerve 
be  stimulated  at  its  central  end  (1)  a  condition  of  excitation  is  set  up,  and  (2) 
an  impulse  is  transmitted  along  the  nerve  to  the  muscle  with  a  certain  velocity. 
The  latter  depends  on  the  former  and  represents  the  function  of  conductivity. 
The  velocity  is  about  27|  metres  [about  90  feet]  per  second  {v.  Hehnholtz),  and  for 
the  human  motor  nerves  33"9  [100  to  120  feet  per  second]  {v.  Helmholtz  and  Baxt). 

The  velocity  is  less  in  the  visceral  nerves,  e.g.,  in  the  pharyngeal  branches  of  the  vagus  8*2 
metres  [26  feet]  {Chativeau);  in  the  motor  nerves  of  the  lobster  6  metres  [18  feet]  (Fredericq  and 
van  de  Velde). 

Modifying  Conditions. — The  velocity  is  influenced  by  various  conditions  : — 
Temperature. — It  is  lessened  considerably  by  cold  {v.  Helmholtz),  but  both  high 
and  low  temperatures  of  the  nerve  (above  or  below  15°  to  25°  C.)  lessen  it  (Sterner 
and  Trojtzhy)  ;  also  curara,  the  electrotonic  condition  (v.  Bezold)  ;  or  only  anelectro- 
tonus, while  cathelectrotonus  increases  it  {Rutherford,  Wundt).    It  varies  also  with 
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the  length  of  the  conducting  nerve,  but  it  increases  with  the  strength  of  the  stimulus 
(v.  Helmholtz  and  Baxt),  although  not  at  first  {v.  Vintschgaii). 

Methods.— 1.  V.  Helmholtz  (1850)  estimated  the  velocity  of  the  nerve-impulse  in  a  frog's 
motor  nerve  after  the  method  of  Pouillet.  The  method  depends  upon  the  fact  that,  the  needle 
ot  a  galvanometer  is  defieeted 
by  a  current  of  very  short 
duration,  the  extent  of  the 
deflection  being  proportional 
to  the  duration  and  strength 
of  the  current.  The  apparatus 
is  so  arranged  that  the  "  tinu>- 
marking  current"  is  closed  at 
the  moment  the  nerve  is  stimu- 
lated, and  opened  again  when 
the  muscle  contracts.  If  the 
nerve  attached  to  a  muscle  be 
now  stimulated  at  the  farther 
point  from  the  muscle,  and  a 
second  time  near  its  entrance 
to  the  muscle,  then  in  the 
latter  case  the  time  between 
the  application  of  the  stimulus 
and  the  beginning  of  the  con- 
traction of  the  muscle,  i.e.,  the 
deflection  of  the  galvanometer, 
will  be  less  than  in  the  former 
case,  as  the  impulse  has  to 
traverse  the  whole  length  of 
tlie  nerve  to  reach  the  muscle. 
The  difference  between  the  two 
times  is  the  time  required  by 
the  impulse  to  traverse  a  given 
distance  of  nerve.  Fig.  411 
shows  in  a  diagrammatic  man- 
ner the  arrangement  of  the  ex- 
periment. The  galvanometer,  G,  is  placed  in  the  time-marking  circuit  (o])en  at  first),  a,  h 
(element),  c  (piece  of  platinum  on  a  key,  W),  introduced  into  the  time-marking  circuit,  d,  e, 
f,  li.  The  circuit  is  made  by  closing  the  key,  S,  when  cl  depresses  the  platinum  plate  of  the 
key,  "W.  At  once  when  the  current 
is  closed,  the  magnetic  needle  is 
deflected,  and  its  extent  noted.  At 
the  same  moment  in  which  the  cur- 
rent between  c  and  cl  is  closed,  the 
primary  circuit  of  the  mductioii 
machine  is  opened,  the  circuit  being 
i,  k,  I  (element),  m,  O  (primary 
spiral),  p.  Thereby  an  opening  shock 
is  induced  in  the  secondary  spiral, 
R,  which  stimulates  the  nerve  of  the 
frog's  leg  at  n.  Thus,  the  closing 
of  the  galvanometer  circuit  exactly 
coincides  with  the  stimulation  of  the 
nerve.  The  impulse  is  propagated 
through  the  nerve  to  the  muscle,  M, 
and  the  latter  contracts  when  the  im- 
pulse readies  it,  at  the  same  time 
opening  the  time-measuring  circuit 

at  the  double  contact,  e  and  /,  by  .       ,        ,    -x  r 

raising  the  lever,  H,  which  rotates  Scheme  for  measuring  the  velocity  of  nerve  energy.  /, 
on  X.  At  the  moment  of  opening,  the  damp  for  femur;  vi,  muscle  ;  N,  nerve  ;  «,  near,  b,  re- 
further  deflection  of  the  magnetic  moved  from,  C,  commutator;  II,  secondary;  I,  primary 
needle  ceases.  The  contact  at  /  is  spii'al  of  induction  machine  ;  B,  battery  ;  1,  2,  key  ; 
made  by  a  pointed  cupola  of  mercury.     3,  tooth  on  the  smoked  plate  F. 

When  the  lever,  H,  falls  after  the  contact  of  the  muscle,  so  that  the  point,  e,  comes  into  contact 
with  the  underlying  solid  plate,  y,  the  contact  at,/'  still  remains  open,  i.e.,  through  the  gal- 
vanometer circuit.    If  the  nerve  be  stimulated  with  the  opening  shock,  first  at  «,  and  then 


*  W 
Fig.  411. 

V.  Helmholtz's  method  of  estimating  the  velocity  of  a 
nerve-pulse. 


572 


METHOD  OF  ESTIMATING  KAPIDITY  OF  A  NERVE-IMPULSE. 


at  N  the  deflection  of  the  needle  is  greater  in  the  former  than  in  the  latter  case.  From  the 
diflerence,  we  calculate  the  tvne  for  the  conduction  of  the  impulse  in  the  stretch  of  the  nerve 
between  n  and  N. 

[2.  A  simpler  method  is  that  shown  in  the  scheme,  fig.  412.  Use  a  pendulum 
or  spring  myograph  (fig.  323),  and  suspend  in  a  suitable  manner  a  frog's  gastro- 
cnemius {m),  with  a  long  portion  of  the  sciatic  nerve  (N)  dissected  out,  by  fixing 
the  femur  in  a  clamp  (/'),  while  the  tendo  Achilles  is  fixed  to  a  lever,  Avhich 
inscribes  its  movements  on  the  smoked  glass  plate  (P)  of  the  myograph  ;  place  the 
key  of  the  myograph  (2)  in  the  circuit  with  the  battery  (B),  and  the  primary 
circuit  of  the  induction  machine  (I).  To  the  secondary  coil  (II)  attach  two  wires, 
and  connect  them  with  a  commutator  withmit  cross-hars  (C).  Connect  the  other 
binding  screws  of  the  commutator  with  two  pairs  of  wires,  arranged  so  that  one 
pair  can  stimulate  the  nerve  near  the  muscle  (a),  and  the  other  at  a  distance  from 
it  (6).  When  the  glass  plate  flies  from  one  side  to  the  other,  the  tooth  (3)  on 
its  framework  opens  the  key  (2)  in  the  primary  circuit,  and  if  the  commutator  be 
in  the  position  indicated,  then  the  induced  current  will  stimulate  the  nerve  at  a, 
and  a  curve  Avill  be  obtained  on  the  glass  plate.  Rearrange  the  pendulum  as  before, 
but  turn  the  handle  of  tlie  commutator,  and  allow  the  glass  plate  to  fly  again. 
This  time  the  induced  current  will  stimulate  the  nerve  at  h,  and  a  second  con- 
traction, a  little  later  than  the  first  one,  will  be  obtained.  Register  the  velocity  of 
the  glass  plate  by  means  of  a  tuning-fork,  and  the  curve  obtained  will  be  something 
like  fig.  413,  although  this  curve  was  obtained  on  a  cylinder  travelling  at  a  uniform 


Fig.  413. 

1,  curve  obtained  on  stimulating  a  nerve  (man)  near  the  muscle  ;  2,  when  the  stimulus  was 
applied  to  the  nerve  at  a  distance  from  the  muscle  ;  D,  vibrations  of  a  tuning-fork  (250 
per  second). 

rate.  The  difference  between  the  beginning  of  the  a  and  h  curves  indicates  the 
time  that  the  nerve-impulse  took  to  travel  from  h  to  a.  This  time  is  measured  by 
the  tuning-fork,  and  if  the  distance  between  the  points  a  and  h  is  known,  then  the 
calculation  is  a  simple  one.  Suppose  the  stretch  of  nerve  between  a  and  h  to  be  2 
inches,  and  the  time  required  by  the  impulse  to  travel  from  a  to  h  to  be  second, 
then  we  have  the  simple  calculation — 2  inches  :  12  inches  :  :  j^-jj"  :  "' 
feet  per  second.  In  fig.  413  the  experiment  was  made  on  man;  the  curve  1  w-as 
obtained  by  stimulating  the  nerve  near  the  muscle,  and  2  when  the  nerve  was 
stimulated  at  a  distance  of  30  centimetres.  The  interval  between  the  vertical  lines 
corresponds  to  second,  i.e.,  the  time  required  by  the  nerve-impulse  to  pass 
along  30  centimetres  of  nerve,  which  is  equal  to  a  velocity  of  30  metres  (90  feet) 
per  second.] 

In  man,  v.  Helmholtz  and  Baxt  estimated  the  velocity  of  the  impulse  in  the  median  nerve 
by  causing  the  muscles  of  the  ball  of  the  thumb  to  write  off  their  contractions  on  a  rapidly 
revolving  cylinder.  [In  this  case  the  "  pince  myographique  "  of  Marey  may  be  used  (§  708). 
The  ends  of  the  pince  are  applied  so  as  to  embrace  the  ball  of  the  thumb,  so  that  when  the 
muscles  contract,  the  increase  in  fhickness  of  the  muscles  expands  the  pince,  which  acts  on  a 
Marey's  tambour,  by  which  the  movement  is  transmitted  to  another  tambour  provided  with  a 
writing-style,  and  inscribing  its  movements  upon  a  rapidly  moving  surface,  either  rotatory 
or  swinging.]  The  nerve  is  stimulated  at  one  time  in  the  axilla  and  again  at  the  wrist.  Two 
curves  are  obtained,  which,  of  course,  do  not  begin  at  the  same  time.  The  difference  in  time 
between  the  beginning  of  the  two  curves  is  the  time  taken  by  the  impulse  to  traverse  the  above- 
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mentioned  length  of  nerve.  [Tlie  time  is  easily  ascertained  by  causing  a  tuning-fork  of  a 
known  rate  of  vibration  to  write  its  movements  under  the  curves.] 

3.  In  the  sensory  nerves  of  man,  the  velocity  of  the  impulse  is  probably  about 
the  same  as  in  motor  nerves.  The  rates  given  vary  between  94  to  30  metres  [280 
to  90  feet]  per  second  {v.  Helmholtz). 

Method  —Two  points  are  chosen  as  far  apart  as  possible,  and  at  unequal  distances  from  the 
brain,  and  they  are  successively  excited  by  a  momentary  stimulus,  c.y.,  an  opening  induction 
shock  applied  successively  to  the  tip  of  the  ear  and  the  great  toe.  The  moment  of  the  apjilica- 
tiou  ot  the  stimulus  is  indicated  on  the  registering  surface.  The  person  experimented  on  is 
provided  with  a  key  attached  to  an  electric  arrangement,  by  which  he  can  mark  on  the  register- 
ing surface  the  moment  he  feels  the  sensation  in  each  case. 

Keaction  Time.— The  time  which  elapses  between  the  application  of  the  stimulus  and  the 
reaction  is  called  the  "  reaction  time."  It  is  made  up  of  the  time  necessary  for  conduction  in 
the  sensory  nerve,  that  for  the  process  of  perception  in  the  brain,  for  the  conduction  in  the 
motor  nerves  to  the  muscles,  by  which  the  signs  on  the  registering  surface  were  made,  and 
lastly  by  the  latent  period  (p.  480).  The  reaction  time  is  usually  about  0-125  to  0-2  second 
(§  374). 

Pathological.— The  conduction  in  the  cutaneous  nerves  is  sometimes  greatly  delayed,  in 
alterations  of  the  cutaneous  sensibility,  in  certain  diseases  of  the  spinal  cord  (§  364).  The 
sensation  itself  may  be  unchanged.  Sometimes  only  the  conduction  for  painful  impressions  is 
retarded,  so  that  a  painful  impression  on  the  skin  is  first  perceived  as  a  tactile  sensation,  and 
afterwards  as  pain,  or  conversely.  When  the  interval  of  time  between  these  two  sensations  is 
long,  then  there  is  a  distinctly  double  sensation  {JVaunt/n).  It  is  rarely  that  voluntary  move- 
ments are  executed  much  more  slowly  from  causes  depending  on  the  motor  nerves,  but 
occasionally  the  time  between  the  voluntary  impulse  and  the  contraction  is  lengthened,  but 
there  may  be  in  addition  slower  or  longer  continued  contraction  of  the  muscle.  In  tabes 
dorsalis  or  locomotor  ataxia,  the  discharge  of  rejlcx  movements  is  delayed  ;  it  is  slower  with 
thermal  stimuli  (60°)  than  with  cold  ones  (O  SS"  C,  Eivald). 

338.  DOUBLE  CONDUCTION  IN  NERVES.— Conductivity  is  that  property 
of  a  living  nerve  in  virtue  of  which,  on  the  application  of  a  stimulus,  it  transmits 
an  imjmlse.  [The  nature  of  a  nerve-impulse  is  entirely  unknown  ;  we  may  con- 
veniently term  the  process  nerve-motion,  but  there  is  some  reason  to  believe  that 
nerve  energy  is  transmitted  by  some  sort  of  molecular  vibration.]  The  conductivity 
is  destroyed  by  all  influences  or  conditions  which  injure  the  nerve  in  its  continuity 
(section,  ligature,  compression,  destruction  by  chemical  agents) ;  or  which  abolish 
the  excitability  at  any  part  of  its  course  (absolute  deprival  of  blood ;  certain 
poisons,  e.g.,  curara  for  motor  nerves ;  also  strong  anelectrotonus,  §  335). 

Law  of  Isolated  Conduction. — Conduction  always  takes  place  only  in  the  con- 
tinuity of  fibres,  the  impulse  never  being  transferred  to  adjoining  nerve-fibres. 

Double  Conduction. — Although  apparently  conduction  in  motor  nerves  takes 
place  only  in  a  centrifugal  direction  towards  the  muscles,  and  in  sensory  nerves  in  a 
centripetal  direction,  i.e.,  towards  the  centre  ;  nevertheless,  experiment  has  proved 
that  a  nerve  conducts  an  impulse  in  hoth  directions,  just  as  in  a  non-living  con- 
ductor. If  a  pure  motor  or  sensory  nerve  be  stimulated  in  its  course,  an  impulse 
is  propagated  at  the  same  time  in  a  centrifugal  and  in  a  centripetal  direction. 
This  is  the  phenomenon  of  '''■double  conduction.^'' 

Proofs. — 1.  If  a  nerve  be  stimulated,  its  electro-motive  properties  are  affected 
both  above  and  below  the  point  of  stimulation  (see  Negative  Variation  in  Nervetf, 
§  332). 

2.  Electrical  Nerves. — If  the  posterior  free-end  of  the  electrical  centrifugal 
nerves  of  the  malapterurus  be  stimulated,  the  branches  given  off  above  the  point 
of  stimulation  are  also  excited,  so  that  the  whole  electrical  organ  discharges  its 
electricity  {Babuchin,  Mantey). 

3.  Kiihne's  Experiments. — The  sartorius  of  the  frog  has  no  nerve-fibres  at  its 
upper  and  lower  ends.  If  the  lower  end  be  cut  off,  and  if  the  lower  third  of  the 
muscle  be  suspended  and  divided  vertically,  on  stimulating  mechanically  one  apex 
of  the  muscle,  then  the  impulse  passes  in  the  motor  nerves  centripetally  to  the  place 
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where  the  nerve-tibre  bifurcates  in  the  muscle,  and  from  thence  centrifugally  into 
the  other  or  non-stimulated  apex,  and  causes  it  to  contract. 

[The  Gracilis  of  the  frog  is  divided  into  a  larger  and  smaller  portion  (L)  by  a 
tendinous  inscription  (K)  running  across  it  (fig.  414).  The  nerve  (N)  enters  at 
the  hiluni  in  the  larger  portion,  bifurcates,  and  gives  a  branch  (k)  to 
the  smaller  portion  and  another  to  the  larger  portion  of  the  muscle. 
Let  the  muscle  be  cut  as  shown  in  fig.  414,  avoiding  injury  to  the 
nerves,  so  that  only  the  nerve-twig  (k)  connects  the  larger  and  smaller 
portions  of  the  muscle.  If  the  tongue  or  tip  of  muscle  (Z)  with 
its  nerves  be  stimulated,  contraction  occurs  both  in  L  and  M,  which 
is  due  to  centripetal  conduction  in  the  motor  nerve.  The  nerve-fibres 
divide  dichotomously  above  where  the  nerves  are  giveji  off  to  the 
portions  L  and  M.] 

[If  the  inscription  be  left,  and  the  lower  tip  of  the  muscle  (which 
Fig.  414.      is  devoid  of  nerves)  be  stimulated,  only  the  lower  and  not  the  upper 
Kiihne's  Gracilis  part  twitclies ;  but  if  a  part  of  the  muscle  containing  nerves  common 
experiment,        i^q^j^  parts  be  stimulated,  then  both  parts  of  the  muscle  contract. 
This  also  proves  that  pure  muscular  excitation  does  not  travel  backwards  from  tlie 
muscle  to  the  nerves.    How  this  comes  about,  we  are  entirely  ignorant.] 

The  following  experiments  used  to  be  cited  as  proofs,  but  they  do  not  stand  the 
test  of  criticism. 

4.  Union  of  Motor  and  Sensory  Nerves. — If  the  hypoglossal  and  lingual  nerves  be  divided  in 
a  dog,  and  if  the  peripheral  end  of  the  hypoglossal  be  stitched,  so  as  to  unite  with  the  central 

mwm,,,,^..  end  of  the  lingual  (Bidder),  then, 
several  months  after  the  union  and 
restitution  of  the  nerves,  stimula- 
tion of  the  central  end  of  the 
lingual  causes  contraction  in  the 
corresponding  half  of  the  tongue. 
Hence,  it  has  been  assumed  that 
the  lingual,  which  is  the  sensory 
nerve  of  the  tongue,  must  conduct 
the  impulse  in  a  peripheral  direc- 
tion to  the  end  of  the  hypoglossal. 
This  experiment  is  not  conclusive, 
as  the  tn;nk  of  the  lingual  receives 
high  up  the  centrifugal  fibres  from 
the  seventh,  viz.,  the  chorda  tym- 
pani,  which  may  unite  with  those 
of  the  hypoglossal.  Further,  if  the 
chorda  be  divided  and  allowed  to 
degenerate  before  the  above  de- 
scribed experiment  is  made,  then 
no  contractions  occur  on  stimu- 
lating the  lingual  above  the  point 
of  union  (§  349). 

5.  Bert's  Experiment.  —  Paul 
Bert  removed  the  skin  from  the 
tip  of  the  tail  of  a  rat,  and  stitched 
it  into  the  skin  of  the  back  of  the 
animal,  where  it  united  with  the 
tissues.  After  the  first  union  had 
taken  place,  the  tail  was  tlien  di- 


Fig.  415. 


Fig.  416. 


ig  417. 


Double  sponge  rheophore.  Disc  rheophore.  Metallic  brush  '^^^^^         ^^^se,  so  that  the  tail, 

.1,  T    1    <-  4.1,      •     1     r^  w     *i    *  -1  x-u       .     ,  ^^'^^^       of  the  skin  on 

the  back  of  the  anmial.  On  stimulatmg  the  tail,  the  animal  exhibited  signs  of  sensation.  For 
the  explanation  of  this  experiment,  see  §  325. 

339.  ELECTKO-THERAPEUTICS— REACTION  OF  DEGENERATION. —Electricity  is  fre- 
quently employed  for  therapeutical  purposes,  the  rapidly  interrupted  current  of  the  induction 
machine,  or  Farddic  current,  being  frequently  used  (especially  since  Duchenne,  1847),  the 
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magneto-electrical  apparatus,  and  the  extra-current  apparatus.  The  constant  or  galvanic  current 
is  also  used,  especially  since  Remak's  time,  1855  (§  bbO). 


N.  radialis, 
M.  brachial  intern. 
M.  supinator  long. 
M.  radial,  ext.  long. 


U.  triceps  (caput  ext.) 
M.  triceps 
;  loaput  long ) 
/  M.  deltoideus 
ipost.  llillf). 

(N.  axillaris) 


JI.  radia'.  ext.  brev 
SI.  extens.  digit,  communis, 

M.  extens.  digit  min. 
M.  extens.  indicia, 


M.  abduct.  poUic.  long, 

extens.  poUic.  brev. , 
M.  extens.  poll.  long.  ,j  \ 
\ 


M.  abduct,  digit,  min.  (N.  ulnaris.) 

.Vim.  inteross.  dorsal.  I,  II,  III,  et  IV. 
(N.  ulnaris.) 

Fig.  418. 

]\Iotor  points  of  the  radial  nerve  and  the  miiscles  supplied  by  it ;  dorsal  surface. 

1.  In  paralysis,  Faradic  currents  are  applied,  either  to  the  muscles  themselves  {Duchcnne), 
ox-  the  points  of  entrance  of  the  motor  nerves,  by  means  of  suitable  electrodes,  or  rheophores 
covered  with  sponge,  &c.,  and  moistened  (r.  Zicrassen). 

M.  deltoideus  (ant.  half)  N.  axillaris. 
N.  musculo-cutaneus. 
M.  biceps  brachii 

M.  brach.  anticus. 

N.  medianus. 


M.  pronator  teres. 

M.  flex,  digitor.  coinmuu.  profuud. 
M.  flex,  carpi  riidialia. 

M.  flex,  dlgltor.  sublim. 
M.  flex,  dig  Bul>l. 
I  (dig.  ind.  et  niin.) 

M.  flex  polL 
'  lougus. 
\       a.  medl- 


M  ubductor  pollic.  brey. 

M  opponeus  polUcis. 

M.  flex,  poll-  brev. 

M.  abductor  pollic-  brev. 

Mui.  hirabricales 
1  et  II. 


Mm.  luinbri- 
calesllletiv. 

M.  opponeus  digit,  luiu. 

M.  flexor  digit,  min. 

M.  abductor  digit,  mill. 

M.  palmaris  brev. 


K.  ulnaris.  M.  flexor  carpi  ulnaris.  N.  ulnaris. 

Fig.  419. 

Motor  points  of  the  median  and  ulnar  nerves,  with  the  muscles  supplied  by  them. 
[Rheophores. — Many  different  forms  are  used,  according  to  the  organ  or  part  to  be  stimu- 
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lated  or  the  eflect  desired.  AVheu  electricity  is  applied  to  the  skin  to  remove  anaesthesia, 
WasthesL  or  altered  sensibility,  and  we  desire  to  limit  the  effect  to  the  skm  alone,  then 
the  rheophores  are  applied  dry,  and  are  usually  made  of  metal.  If,  however,  deeper-seated 
structures  as  muscles  or  nerve-trunks,  are  to  be  affected,  the  skin  must  be  well  moistened  and 
softened  by  sponging  with  warm  water,  while  the  rheophores  are  litted  with  sponges  moistenecl 
with  common  salt  and  water,  which  diminishes  the  resistance  of  the  skin  to  the  passage  ot 
electricity  (figs.  415-417).]  .    .        ,  ,•■ 

In  faradising  the  paralysed  muscle,  the  object  is  to  cause  artificial  movements  m  it,  and  thus 
prevent  the  degeneration  which  it  would  otherwise  undergo,  merely  from  inaction.  It,  in 
addition  to  the  motor  nerves,  its  trophic  nerves  are  also  paralysed,  then  a  muscle  atrophies. 
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S 
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N.  obturator. 
M.  pectineus. 

M.  adductor  magnus_ 
M.  adduct.  longus. 


/ 


0) 

PI 
o 
u 

<o 


N.  peroneus. 


M.  tibial,  antic. 
M.  exten.  dig.  com.  long. 

M.  peroneus  longus. 
M.  peroneus  brevis. 
M.  extens.  linllucis  long. 


M.  extens.  digit,  comm. 
brevis. 


X.  ciuralis. 

II.  ten.sor  fasciaj  lata; 
(Nn.  glut,  sup.) 


M.  quadriceps  femoris 
(general  centre). 

M.  rectus  femoris. 
M.  cruralis. 
II.  vastus  externus. 

M.  vastus  inteinus.  J 

M.  gastrocnem.  extern.  \ 
M.  soleus. 


!z5 

CD 
< 


M.  flexor  liallucis  long. 


M.  abductor  digiti.  min. 


CD 
<-t 
< 


'1 
I 


Mm.  interossei  dorsales.y 

Fig.  420. 

Motor  points  of  the  peroneal  and  tibial  nerves  on  the  front  of  the  leg;  the  peroneal  on  the 
left,  the  tibial  on  the  right  (after  Eichliorst). 

notwithstanding  the  faradisation' (§  325,  4).  The  use  of  the  induced  current  also  improves  a 
paralysed  muscle,  as  it  increases  the  blood-stream  through  it,  vs'hile  it  affects  the  metabolism 
of  the  muscle  reflexly.  In  addition,  weak  currents  may  restore  the  excitability  of  enfeebled 
nerves  {v.  Bezold,  Encjdmann). 

The  figs.  418,  419,  420,  421  indicate  the  positions  of  the  motor  points  of  the  extremities, 
where,  by  stimulating  at  the  entrance  of  the  nerve,  each  muscle  may  be  caused  to  contract 
singly.    In  §  349  the  motor  points  of  the  face,  and  in  §  347  those  of  the  neck,  are  indicated. 

The  constant  current  may  be  employed  as  a  stimulus,  when  it  is  closed  and  opened,  in  the 
form  of  an  interrupted  current,  by  altering  its  direction  and  increasing  or  diminishing  its 
intensity,  but  it  also  causes  a  polar  action.    On  closing  the  current,  the  nerve  at  the  cathode  is 


EEACTION  OF  DEGENEKATION. 


577 


stimulatccl ;  similarly  on  opcnimj  the  current,  at  the  anode  (§  336).  Thus,  when  the  current 
13  closed  the  excitability  of  the  nerve  is  increased  at  the  cathode  (§  335),  which  may  act 
tavourably  upon  the  nerve.  Increased  excitabilitv  in  electrotonus  at  the  anode,  although 
leebler,  has  been  observed  during  percutaneous  galvanisation  in  man.  This  is  especially  the 
case  by  repeatedly  reversing  the  current,  sometimes  also  by  opening  and  closing,  or  even  with 
a  unitonn  current.  It  the  increase  of  the  excitability  is  obtained,  then  the  direction  of  the 
current  increases  the  excitability  on  closing  the  reverse  current,  and  on  opening  the  one  in  the 
same  direction.  >  i  o 

Restorative  Effect. - 


.■       a-  ^  ■  1,  "^"i't^isi'>  ill  using  the  constant  current,  we  have  to  consider  its  restor- 

ative etiects,  especially  when  it  is  ascemiincj.    R.  Heidenhain  found  that  feeble  and 
muscles  recover  after  the  passage  of  a  constant  current  through  them. 


fatigued 


JI.  gluteus  maximus 
(great  sciatic). 


9 

S 


M.  biceps  fem.  (cap.  long.) 
(grt.  sciat.). 


M.  biceps  fem.  (cap.  brev.) 
(git.  sciat.). 


N.  peroneus. 


N.  ischiadicus. 

M.aclduct.magnus(n.obt.) 

JI.  semitendinosus  (grt. 

sciat.).  V 
M.  semimembranosus  \ 
(grt.  sciat.). 


X.  tibialis. 

M.  gastrocnem.(cap.extr.) 
M.  gasti'ocnem.  (cap.  int.). 

"H.  soleus. 

M.  flex.  dig.  comm.  long. 
M.  flexor  hallucis  longus. 

N.  tibialis.  ' 


t2{ 

C6 


Fig.  421, 

Motor  points  of  the  sciatic  nerve  and  its  branches ;  the  peroneal  and  tibial  nerves. 

Lastly,  the  constant  current  may  be  useful  from  its  catalytic  or  cataphoric  action  (§  328). 
The  effect  is  directly  upon  the  tissue  elements.  It  may  also  act  directly  or  rcllexly  upon  the 
blood-  and  lymph-vessels. 

Faradisation  in  Paralysis. — If  the  primary  cause  of  the  paralysis  is  in  the  muscles  themselves, 
then  the  induced  current  is  generally  applied  directly  to  the  muscles  themselves  by  means  of 
sponge  electrodes  (fig.  415)  ;  while,  if  the  motor  nerves  are  the  primary  seat,  then  the  electrodes 
are  applied  over  them.  The  current  used  must  be  only  of  vcru  moderate  strength  ;  strong 
tetanic  contractions  are  injurious,  and  so  is  too  prolonged  application  {Eulcnbunj). 

The  galvanic  current  may  also  be  applied  to  the  muscles  or  to  their  motor  nerves,  or  to  the 
centres  of  the  latter,  or  to  both  muscle  and  nerve  simultaneously.  As  a  rule,  the  cathode  is 
placed  nearer  the  centre,  as  it  increases  the  excitability.  "When  the  electrode  is  moved  along 
the  course  of  the  nerve,  or  when  the  strength  of  the  current  is  varied,  the  action  is  favoured. 
If  the  seat  of  the  lesion  is  in  the  central  nervous  system,  then  the  electrodes  are  applied  along 
the  vertebral  column,  or  on  the  vertebral  column,  and  the  course  of  the  nerves  at  the  same 
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time  or  one  on  the  head  and  the  other  on  a  point  as  near  as  possible  to  the  supposed  seat  of 
the  lesion     The  current  must  not  be  too  strong  nor  applied  too  long. 

Induced  V  Constant  Current:  Keaction  of  Degeneration. -Paralysed  nerves  and  muscles 
behave  quite 'ditrerently  as  regards  the  induced  (rapidly  interrupted)  and  th^  cmistant  cmreiit 
Tl  s  is  called  the  ' '  reaction  of  degeneration. "  We  must  remember  the  physiological  fact  that 
a  duiuo  nerve  attached  to  a  muscle  (§  325),  and  also  the  muscles  of  a  curarised  animal  react 
much  iesii  strouc^ly  to  rapidly  interrupted  currents  than  fresh  nou-curarised  muscles.  Baierlaclier, 
in  1859  found  that,  in  a  case  of  facial  paralvsis,  the  facial  muscles  contracted  l^iit  leebly  to  the 
induced  current,  but  very  energetically  on  the  constant  current  being  used.  The  excitability 
for  the  constant  current  may  be  abnormally  increased,  but  may  disappear  on  recovery  taking 
])lace  According  to  Neumann,  it  is  the  longer  duration  of  the  constant  current  as  opposed  to 
the  momentary  closing  and  opening  of  the  induced  current  which  makes  the  contraction  ot  the 
muscle  possible.  If  the  constant  current  be  broken  as  rapidly  as  the  Faradic  current  is  broken, 
then  the  constant  current  does  not  cause  contraction.  Conversely,  the  induced  current  may  be 
rendered  efifective  bv  causing  it  to  last  longer.  AVe  may  also  keep  the  primary  circuit  of  the 
induction  machine  closed,  and  move  the  secondary  spiral  to  and  fro  along  the  slots.  Thus  \ve 
obtain  slow  gradations  of  the  induced  current  which  act  energetically  upon  curarised  muscles 
{Briickc).  Hence,  in  stimulating  a  muscle  or  nerve,  we  have  to  consider  not  only  the  strength, 
but  also  the  duration,  of  the  current,  just  as  the  deflection  of  the  magnetic  needle  depends  upon 
these  two  factors.  i      i  • 

[Galvanic  excitability  is  the  term  applied  to  the  condition  of  a  nerve  or  muscle,  whereby  it 
responds  to  the  opening  or  closing  of  a  continuous  current.  The  effects  differ  according  as  the 
current  is  opened  or  closed,  and  according  to  its  strength.  As  a  rule,  the  cathode  causes  a  con- 
traction chiefly  at  closure,  the  anode  at  opening  the  current,  while  the  cathode  is  the  stronger 
.stimulus.  AVith  a  ivcak  current,  the  cathode  produces  a  simple  contraction  on  closing  the  current, 
but  no  contraction  from  the  anode.  "With  a  medium  current,  we  get  with  the  cathode  a  strong 
closing  contraction  but  no  opening  contraction,  while  the  anode  excites  feeble  opening  and 
closing  contractions.  With  a  strong  current,  we  get  with  the  cathode  a  tetanic  contraction  at 
closure,  and  a  perceptible  contraction  at  opening,  while  with  the  anode  there  is  contraction  both 
at  opening  and  closing.] 

[The  law  of  contraction  is  usually  expressed  by  the  following  formula  (Erh)  :— An  =  anode, 
Ca  =  cathode,  C  =  contraction,  c  =  feeble  contraction,  C'  =  strong  contraction,  S  =  closure  of 
current,  0  =  opening  of  current,  Tc  =  tetanic  contraction— so  that,  expressing  tlie  above  state- 
ments briefly,  Ave  have — 

Weak  currents  produce  Ca  S  C  ; 

Medium  ,,       Ca  S  C,  An  S  c,  An  0  c  ; 

Strong    ,,  ,,       Ca  S  Te,  An  S  C,  An  0  C.  C«  Oc] 

[Typical  Reaction  of  Degeneration. — When  the  reaction  of  the  nerve  and  muscle 
to  electrical  stimulation  is  altered  both  qualitatively  and  quantitatively,  we  have 
the  reaction  of  degeneration,  which  is  characterised  essentially  by  the  following 
conditions]  : — The  excitability  of  the  muscles  is  diminished  or  abolished  for  the 
Faradic  current,  while  it  is  increased  for  the  galvanic  current  from  the  3rd  to  58th 
day  ;  it  again  diminishes,  however,  with  variations,  from  the  72nd  to  80th  day  ;  the 
anode  closing  contraction  is  stronger  than  the  cathode  closing  contraction.  The  con- 
tractions in  the  affected  muscles  occur  slowly  in  a  peristaltic  manner,  and  are  local, 
in  contrast  with  the  rapid  contraction  of  normal  muscle.  The  diminution  of  the 
excitability  of  the  nerves  is  similar  for  the  galvanic  and  Faradic  currents.  If  the 
reaction  of  the  nerves  be  normal,  while  the  muscle  during  direct  stimulation  with 
the  constant  current  exhibits  the  reaction  of  degeneration,  we  speak  of  "  partial 
reaction  of  degeneration,"  which  is  constantly  present  in  progressive  muscular 
atrophy  {Erh). 

[The  "reaction  of  degeneration"  may  occur  before  there  is  actual  paralysis,  as  in  lead 
poisoning.  When  it  occurs  wo  have  to  deal  with  some  affection  of  the  nerve-fibres,  or  of  the 
trophic  nerve-cells.  When  it  is  establislied,  (1)  stimulation  of  the  nerve  with  Faradic  and 
galvanic  electricity  does  not  cause  contraction  of  the  muscle  ;  (2)  direct  Faradic  stimulation  of 
the  muscles  does  not  cause  contraction  ;  (3)  the  galvanic  current  usually  excites  contraction 
more  readily  than  in  a  normal  muscle,  so  that  the  muscle  responds  to  much  feebler  currents 
than  act  on  healthy  muscles,  but  the  contraction  is  longer  and  more  of  a  tonic  character,  and 
shows  a  tendency  to  become  tetanic.  The  electrical  excitability  is  generally  unaffected  in 
paralysis  of  cerebral  origin,  and  in  some  forms  of  spinal  paralysis,  as  primary  "lateral  sclerosis 
and  transverse  myelitis,  but  the  ' '  reaction  of  degeneration  "  occurs  in  traumatic  paralysis,  due 
to  injury  of  the  nerve-trunks,  neuritis,  rheumatic  facial  paralysis,  lead  palsy,  and  in  affections 
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of  the  nerve-cells  in  the  anterior  cornu  of  the  grey  matter  of  the  spinal  cord.]  lu  rare  cases 
the  contraction  of  the  muscles,  caused  by  applying  a  Famdic  current  to  the  nerve,  follows  a 
slow  peristaltic-like  cowv&a—''  Faradic  rmctioii  of  deyenc  ration"  {E.  licmak,  Erh). 

II.  In  Various  Forms  of  Spasm  (spasms,  contracture,  muscular  tremor)  the  constant  current 
is  most  effective  {llcmak).  By  the  action  of  anelectrotonus,  a  pathological  increase  of  the 
excitability  is  subdued.  Hence,  the  anode  ought  to  be  applied  to  the  i)art  with  increased 
excitability,  and  if  it  be  a  case  of  reflex  spasm,  to  the  points  which  are  the  origin  or  seat  of  the 
increased  excitability.  Weak  currents  of  uniform  intensitv  arc  most  effective.  The  constant 
current  may  also  be  useful  from  its  cataphoric  action,  whereby  it  favours  tlie  removal  of  irritants 
from  the  seat  of  the  irritation.  Further,  the  constant  current  increases  the  voluntary  control 
over  the  affected  muscles.  In  spasms  of  central  origin,  the  constant  current  may  be  applied  to 
the  central  organ  itself.  Faradisation  is  used  in  spasmodic  affections  to  increase  the  vigour  of 
enfeebled  antagonistic  muscdes.  Muscles  in  a  condition  of  contracture  are  said  to  become  more 
extensible  under  the  influence  of  the  Faradic  current  (Mcmak),  as  a  normal  muscle  is  more 
excitable  during  active  contraction  (§  301). 

In  Cutaneous  Anaesthesia,  the  Faradic  current  applied  to  the  skin  by  means  of  hair-brush 
electrodes  is  freiiuently  used  (fig.  417).  When  usuig  the  constant  current,  the  cathode  must  be 
applied  to  the  parts  with  diminished  sensibility.  The  constant  current  alone  is  applied  to  the 
central  seat  of  the  lesion,  and  care  must  be  taken  to  what  extent  the  occurrence  of  cathelectro- 
tonus  in  the  centre  affects  the  occurrence  of  sensation. 

III.  In  HypersBsthesia  and  Neuralgias,  Faradic  currents  are  applied  with  the  object  of 
over-stimulating  the  hyper-sensitive  parts,  and  thus  to  benumb  them.  Besides  these  powerful 
currents,  iceak  currents  act  relicxiy  and  accelerate  the  blood-stream,  increase  the  heart's  action, 
and  constrict  the  blood-vessels,  while  strong  currents  cause  the  opposite  efl'ects  {0.  Nauiaann). 
Both  may  be  useful.  In  employing  the  constant  current  in  neuralgia  [Remak),  one  object  is 
by  exciting  anelectrotonus  in  the  hyper-sensitive  nerves,  to  cause  a  diminution  of  the  excita- 
bility. According  to  the  nature  of  the  case,  the  anode  is  placed  either  on  the  nerve-trunk,  or 
even  on  the  centre  itself,  and  the  cathode  on  an  indifferent  part  of  the  body.  The  catalytic  and 
cataphoric  effects  also  are  most  important,  for  by  means  of  them,  especially  in  recent  rheumatic 
neuralgias,  the  irritating  inflammatory  products  are  distributed  and  conducted  away  from  the 
part.  A  descending  current  is  transmitted  contiimously  for  a  time  through  the  nerve-trunk, 
and  in  recent  cases  its  effects  are  sometimes  very  striking.  Lastly,  of  course,  the  constant 
current  may  be  used  as  a  cutaneous  stimulus,  while  the  Faradic  current  also  acts  reflexly  on  the 
cardiac  and  vascular  activity. 

Recently,  Charcot  and  Ballet  have  used  the  electric  spark  from  an  electrical  machine  in  cases 
of  anaesthesia,  facial  paralysis,  and  paralysis  agitans.  In  some  cases  of  spinal  paralysis,  muscles 
can  be  made  to  contract  with  the  electric  spark,  which  do  not  contract  to  a  Faradic  current. 
[Electricity  is  sometimes  used  to  distinguish  real  from  feigned  disease,  or  to  distinguish  death 
from  a  condition  of  trance.] 

Galvano- Cautery. — The  electrical  current  is  used  for  tJiermal  purposes,  as  in  the  galvano- 
cantery. 

Galvano-Puncture.  — The  electrolytic  properties  of  electrical  currents  are  employed  to  cause 
coagulation  in  aneurisms  or  varix.  [If  the  electrodes  from  a  constant  battery  in  action  be 
inserted  in  an  aneurismal  sac,  after  a  time  the  fibrin  of  the  blood  is  deposited  in  the  sac, 
whereby  the  cavity  of  the  aneurism  is  gradually  filled  up.  A  galvanic  current  passed  through 
detibrinated  blood  causes  the  formation  of  a  coagulum  of  proteid  matter  at  the  positive  pole  and 
bubbles  of  gas  at  the  negative.] 

340.  ELECTEICAL  CHARGING  OF  THE  BODY.  — Saussure  investigated  by  means  of  the 
electroscope  the  "charge  "  of  a  person  standing  on  an  insulated  stool.  The  phenomena  observed 
by  him,  which  were  always  inconstant,  were  due  to  the  friction  of  the  clothes  upon  the  skin. 
Gardini,  Hemmer,  Ahrens  (1817),  and  Nasse  reganled  the  body  as  normally  charged  with 
positive  electricity,  while  Sjiisten  and  others  regarded  it  as  negatively  charged.  Most  probably 
all  these  phenomena  are  due  to  friction,  and  are  modified  effects  of  the  air  in  contact  with  the 
heterogeneous  clothing  (Hankcl).  A  strong  charge  resulthig  in  an  actual  spark  has  frequently 
been  described.  Cardanus  (1553)  obtained  sparks  from  the  tips  of  the  hair  of  the  head. 
According  to  Horsford  (1837),  long  sparks  were  obtained  from  the  tips  of  the  fingers  of  a 
nervous  woman  in  Oxford,  when  she  stood  upon  an  insulated  carpet.  Sparks  have  often  been 
observed  on  combing  the  hair  or  stroking  the  back  of  a  cat  in  the  dark.  Freshly  voided  itrine 
is  negatively  electrical  ( Vasalli-Eandi,  Volta)  ;  so  is  the  freshly  formed  web  of  a  spider,  while 
the  blood  is  positive. 

341.  COMPARATIVE— HISTORICAL.— Electrical  Fishes.— Some  of  the  most  interesting 
phenomena  connected  with  animal  electricity  are  obtained  in  electrical  fishes,  of  which  there  are 
about  fifty  species,  including  the  electrical  eel,  or  Gymnotus  electricus,  of  the  lagoons  of  the  region 
of  the  Orinoco  in  South  America — it  may  measure  over  7  feet  in  length— -the  Torpedo  marniorata 
and  some  allied  species,  30  to  70  centimetres  [1  to  2^  feet],  in  the  Adriatic  and  Mediterranean,  the 
Malapterurus  electricus  of  the  Nile,  and  the  Mormyrus  also  of  the  same  river.    By  means  cf 
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special  electrical  organs  [Redi,  1666),  these  animals  can  in  part  voluntarily  (gymnotus  and 
malai.terurusj,  and  in  part  reflexly  (torpedo),  give  a  very  powerful  electneal  shock  The 
electrical  orf'an  consists  of  "compartments"  of  various  forms,  separated  from  each  other  by  con- 
nective-tissue, and  filled  with  a  jelly-like  substance,  which  the  nerves  enter  on  one  surface  and 
ramify  to  produce  a  plexus.  From  this  plexus  there  proceed  branches  of  the  axial  cylinder, 
which  end  in  a  nucleated  plate,  the  "electrical  plate"  (Billharz,  M.  Schulzc).  When  the 
"  electrical  nerves  "  proceeding  to  the  organ  are  stimulated,  an  electrical  discharge  is  the  result. 

In  Gymnotus,  tlie  electrical  organ  consists  of  several  rows  of  columns  arranged  along  both 
sides  of  the  spinal  column  of  the  animal,  under  the  skin  as  far  as  the  tail.  It  receives  on  the 
anterior  surface  several  branches  from  the  intercostal  nerves.  Besides  this  large  organ  there  is 
a  smaller  one  lying  on  both  sides  above  the  anal  lins.  Here  the  plates  are  vertical,  and  the 
direction  of  the  electrical  current  in  the  fish  is  ascending,  so  that  of  course  it  is  descending  in 
the  surrounding  water  {Faraday,  du,  Bois-Iieymond). 

In  Malapterurus,  the  organ  surrounds  the  body  like  a  mantle,  and  receives  only  one  nei-ve- 
fibi  e  (p.  529),  whose  axis  cylinder  arises  near  the  medulla  oblongata  from  one  gigantic  ganglionic 
cell  [BilUuirz),  and  is  composed  of  protoplasmic  processes  {Fritsch).  The  plates  are  also  vertical, 
and  receive  their  nerves  from  the  posterior  surface.  The  direction  of  the  current  is  descending 
in  the  fish  during  tlie  discharge  {du  Bois-Reymond). 

In  the  Torpedo,  the  organ  lies  immediately  under  the  skin  laterally  on  each  side  of  the  head, 
reaching  as  far  as  the  pectoral  fins.  It  receives  several  nerves  which  arise  from  the  lobus 
clectricus,  between  the  corpora  quadrigemina  and  the  medulla  oblongata.  The  plates,  which  do 
not  increase  in  number  with  the  growth  of  the  animal  {Delle  Chiajc,  Bahuchin),  lie  horizontally, 
while  the  nerve-fibres  enter  them  on  their  dorsal  surfaces,  the  current  in  the  fish  being  from  the 
abdominal  to  the  dorsal  surface  {Galvani). 

It  is  extremely  probable  that  the  electric  organs  are  modified  muscles,  in  which  the  nerve 
terminations  are  highly  developed,  the  electrical  plates  corresponding  to  the  motorial  end-plates 
of  the  muscular  fibres,  the  contractile  substance  having  disappeared,  so  that  during  physiological 
activity  the  chemical  energy  is  changed  into  electricity  alone,  while  there  is  no  "work"  done. 
Tliis  view  is  supported  by  the  observation  of  Babuchin,  that  during  development  the  organs  are 
originally  formed  like  muscles  ;  further,  that  the  organs  when  at  rest  are  neutral,  but  when 
active  or  dead,  acid  ;  and  lastly,  they  contain  a  substance  related  to  myosin  which  coagulates 
after  death  (§  295 — Wcyl).  The  organs  manifest  fatigue;  they  have  a  "latent  period" 
of  0 '01 6  second,  while  one  shock  of  the  organ  (comparable  to  the  current  in  an  active  muscle) 
lasts  0'07  second.  About  twenty-five  of  these  shocks  go  to  make  a  discharge,  which  lasts 
about  0*23  second.  The  discharge,  like  tetanus,  is  a  discontinuous  process  {Marey). 
Mechanical,  chemical,  thermal,  and  electrical  stimuli  cause  a  discharge  ;  a  single  induction 
shock  is  not  effective  {Sachs).  During  the  electrical  discharge  the  current  traverses 
the  muscles  of  the  animal  itself ;  the  latter  contract  in  the  torpedo,  while  they  do  pot 
do  so  in  the  gymnotus  and  malapterurus  during  the  discharge  {Stciiwr).  A  torpedo  can 
give  about  fifty  shocks  per  minute  ;  it  then  becomes  fatigued,  and  requires  some  time  to 
recover  itself.  It  may  only  partially  discharge  its  organ  {Al.  v.  Humboldt,  SacJis).  Cooling 
makes  the  organ  less  active,  while  heating  it  to  22°  C.  makes  it  more  so.  The  organ  becomes 
tetanic  with  strychnin  {Becquerel),  while  curara  paralyses  it  {Sachs).  Stimulation  of  the 
electrical  organ  of  the  torpedo  causes  a  discharge  {Mattcucci) ;  cold  retards  it,  while  section  of 
the  electrical  nerves  paralyses  the  organ.  The  electrical  fishes  themselves  are  but  slightly 
affected  by  very  strong  induction  shocks  transmitted  through  the  Avater  in  which  they  are 
swimming  {dv,  Bois-Reymond).  The  substance  of  the  electrical  organs  is  singly  refractive  ; 
excised  portions  give  a  current  during  rest,  which  has  the  same  direction  as  the  shock  ;  tetanus 
of  the  organ  weakens  the  current  {Saclis,  du  Bois-Rcymond).  Perhaps  the  electrical  organs  of 
malapterurus  is  evolved  from  modified  cutaneous  glands  {Fritsch), 

Historical. — Richer  (1672)  made  the  first  communication  about  the  gymnotus.  Walsh 
(1772)  made  investigations  on  the  torpedo,  on  its  discharge,  and  its  power  of  communicating  a 
•shock.  J.  Davy  magnetised  particles  of  steel,  caused  a  deflection  of  the  magnetic  needle,  and 
obtained  electrolysis  with  the  electrical  discharge.  Becquerel,  Brechet,  and  Matteucci  studied 
the  direction  of  the  discharge.  Al.  v  Humboldt  described  the  habits  and  actions  of  the  gym- 
notus of  South  America.  Hansen  (1743)  and  de  Sauvages  (1744)  supposed  that  electricity 
was  the  active  force  in  nerves.  The  actual  investigations  into  animal  electricity  began  with  6. 
Aloisio  Galvani  (1791),  who  observed  that  frogs'  legs  connected  with  an  electrical  machine  con- 
tracted, and  also  when  they  were  touched  with  two  different  metals.  He  believed  that  nerves 
and  muscles  generated  electricity.  Alessandro  Volta  ascribed  the  second  experiment  to  the 
electrical  current  produced  by  the  contact  of  dissimilar  metals,  and  therefore  outside  the  tissues 
of  the  frog.  The  contraction  Avithout  metals  described  by  Galvani  was  confirmed  by  Alex.  v. 
Hum])oldt  (1798).  Pfaff  (1793)  first  observed  the  cftect  of  the  direction  of  the  current  upon  the 
contraction  of  a  frog's  leg  obtained  by  stimulating  its  nerve.  Bunzen  made  a  galvanic  pile  of 
frogs'  legs.  The  whole  subject  entered  on  a  new  phase  with  the  construction  of  the  galvano- 
jueter  and  since  the  introduction  of  the  classical  methods  devised  bv  du  Bois-Revmoud  i  e 
from  1843  onwards.  "  '         '  ' 


Physiology  of  the  Peripheral  Nerves. 


342.  FUNCTIONAL  CLASSIFICATION  OF  NEEVE-FIBRES  — As  nerve- 
fibres,  on  being  stimulated,  are  capable  of  conducting  impulses  in  both  directions 
(§  338),  it  is  obvious  that  the  physiological  position  of  a  nerve-fibre  must  depend 
essentially  upon  its  relations  to  the  peripheral  end-organ  on  the  one  hand,  and  its 
central  connection  on  the  other.  Thus,  each  nerve  is  distributed  to  a  special  area 
within  which,  under  normal  circumstances,  in  the  intact  body,  it  performs  its 
functions.  This  function  of  the  individual  nerves,  determined  by  their  anatomical 
connections,  is  called  their  "specific  energy." 

I.  Centrifugal  or  Efferent  Nerves. — (a)  Motor. — Those  nerve-fibres  whose 
peripheral  end-organ  consists  of  a  muscle,  the  central  ends  of  the  fibres  being 
connected  with  nerve-cells  : — 

1.  Motor  fibres  of  striped  muscle  (§§  292  to  320). 

2.  Motor  nerves  of  the  heart  (§  57). 

3.  Motor  nerves  of  smooth  muscle,  e.jy. ,  the  intestine  (§  171).  The  vaso-motor  nerves  are 
specially  treated  of  in  §  371. 

(b)  Secretory. — Those  nerve-fibres  whose  peripheral  end-organ  consists  of  a 
secretory  cell,  the  central  ends  of  the  fibres  being  connected  with  nerve-cells. 

Examples  of  secretory  nerves  are  the  secretory  nerves  for  saliva  (§  145)  and  those  for  sweatins^ 
(§  289,  II.).  It  is  to  be  remembered,  however,  that  these  fibres  not  unfrequently  lie  in  the 
same  sheath  with  other  nerve-fibres,  so  that  stimulation  of  a  nerve  may  give  rise  to  several 
results,  according  to  the  kind  of  nerve-fibres  present  in  the  nerve.  Thus,  the  secretory  and 
vaso-motor  nerves  of  glands  may  be  excited  simultaneously. 

(c)  Trophic. — The  end-organs  of  these  nerve-fibres  lie  in  the  tissues  themselves, 
and  are  as  yet  unknown.  These  nerves  are  called  trophic,  because  they  are 
supposed  to  govern  or  control  the  normal  metabolism  of  the  tissues. 

In  some  tissues,  we  know  of  a  direct  connection  of  their  elements  with  nerve-fibres,  whicli 
may  infiuence  their  nutrition.  Nerves  are  connected  with  the  corneal  corpuscles  (§  201,  7), 
with  the  pigment-cells  of  the  frog's  skin  {Ehrmann),  the  connective-tissue  corpuscles  of  thi; 
serous  membrane  of  the  stomach  of  the  frog,  and  the  cells  around  the  stomata  of  lymphatic 
surfaces  (§  196,  5)  {E.  F.  Hoffmmn). 

Trophic  Influence  of  Nerves.— The  trophic  functions  of  certain  nerves  are  relorred  to  as 
under  : — On  the  influence  of  the  trigeminus  on  the  eye,  the  nuicous  membrane  of  the  mouth 
and  nose,  the  face  (§  347)  ;  the  influence  of  the  vagus  on  the  lungs  (§  352) ;  motor  nerves  on 
muscle  (§  307)  ;  nerve-centres  on  nerve-fibres  (§  325,  4)  ;  certain  central  organs  upon  certain 
viscera  (§  379). 

Section  of  certain  nerves  influences  the  growth  of  the  bones.  H.  Nasse  found  that,  after 
section  of  their  nerves,  the  bones  showed  an  absolute  diminution  of  all  their  individual  con- 
.stituents,  while  tliere  was  an  increase  of  the  fat.  Section  of  the  spermatic  nerve  is  followed  by 
det^eneration  of  the  testicle  {Ndlaton,  Obohnshj).  After  extirpation  of  their  secretory  nerves, 
there  is  degeneration  of  the  sub-maxiUary  glands  (p.  213).  Section  of  the  nerves  of  the  cock's- 
comb  interferes  with  the  nutrition  of  that  organ  {Lcgros,  Sch{tf).  After  section  of  tlie  2n(l 
cervical  nerve  in  rabbits  and  cats,  the  hair  falls  off  the  ear  on  that  side  {Joseph).    Section  of  the 
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cervical  sviiipatlietic  nerve  in  young,  r/roiving  animals  is  followed  by  a  more  rapid  growth  of  the 
ear  iiiion'that  side  {Bidder,  Siirling,  Strieker),  also  of  the  hair  on  that  side  {Schiff,  Stirling)  ; 
while  it  is  said  that  the  corresponding  half  of  the  brain  is  smaller,  which,  perhaps,  is  due  to 
the  pressure  from  the  dilated  blood-vessels  {Brown- Sequard). 

Blood- Vessels.— Lewaschew  found  that  prolonged  uninterrupted  stimulation  of  the  sciatic 
nerve  of  dogs,  by  means  of  chemical  stimuli  [threads  dipped  in  sulphuric  acid],  caused  hyper- 
trophy of  the  lower  limb  and  foot,  together  with  the  formation  of  aneurismal  dilatations  upon 
the  blood-vessels. 

Skin  and  Cutaneous  Appendages. — In  man,  stimulation  or  paralysis  of  nerves,  or  degeneration 
of  the  grey  matter  of  the  spinal  cord,  is  not  unfrequeutly  followed  by  changes  in  the  pigmenta- 
tion of  the  skin,  in  the  nails,  in  the  hair  and  its  mode  of  growth  and  colour  {Jarisch).  [Injury 
to  the  brain,  as  by  a  fall,  sometimes  results  in  paralysis  of  the  hair  follicles,  so  that,  after  such 
an  injury,  the  hair  is  lost  over  nearly  the  whole  of  the  body.]  Sometimes  there  may  be  erup- 
tions upon  the  skin,  apparently  traumatic  in  their  origin  {v.  Barcnsprung).  Sometimes  there  is 
a  tendency  to  decubitus  (§  379),  and  in  some  rare  cases  of  tabes,  there  is  a  peculiar  degeneration 
of  the  joints  (Charcot's  disease).  The  changes  which  take  place  in  a  nerve  separated  from  its 
centre  are  described  in  §  325. 

[Trophoneuroses. — Some  of  the  chief  data  on  which  the  existence  of  trophic  nerves  is  assumed 
are  indicated  above.  There  are  many  pathological  conditions  referable  to  diseases  or  injuries  of 
nerves.] 

[Muscles. — As  is  well  known,  paralysis  of  a  motor  nerve  leads  to  simple  atrophy  of  the 
corresponding  muscle,  provided  it  be  not  exercised  ;  but  when  the  motor  ganglionic  cells  of  the 
anterior  horn  of  grey  matter,  or  the  coriesponding  cells  in  the  crus,  pons,  and  medulla,  are 

tiaralysed,  there  is  an  active  condition  of  atrophy  with  prolifei'atiou  of  the  muscular  nuclei, 
'regressive  muscular  atrophy,  or  wasting  palsy,  is  another  trophic  change  in  muscle,  whereby 
either  individual  muscles,  or  groups  of  muscles,  are  one  after  the  other  paralysed  and  become 
atrophied.  In  pseudo-hypertrophic  paralysis,  there  is  cirrhosis  or  increased  development  of 
the  connective-tissue,  with  a  diminution  of  the  true  muscular  elements,  so  that  although  the 
muscles  increase  in  bulk  their  power  is  diminished.] 

Cutaneous  Trophic  Affections. — Amongst  these  ma}-  be  mentioned  the  occurrence  of  red 
patches  or  erythema,  urticaria  or  nettle-rash,  some  fornis  of  lichen,  eczema,  the  bullte  or  blebs 
of  pemphigus,  and  some  forms  of  ichthyosis,  each  of  which  may  occur  in  limited  areas  after 
injury  to  a  nerve  or  its  spinal  or  cerebral  centre.  The  relation  between  the  cutaneous  eruption 
and  the  distribution  of  a  nerve  is  sometimes  very  marked  in  herpes  zoster,  which  frequently 
follows  the  distribution  of  the  intercostal  and  supraorbital  nerves.  Glossy  skin  {Paget,  Weir 
Mitchell)  is  a  condition  depending  upon  impaired  nutrition  and  circulation,  and  due  to  injuries 
of  nerves.  The  skin  is  smooth  and  glossy  in  the  area  of  distribution  of  certain  nerves,  while 
the  wrinkles  and  folds  have  disappeared.  In  myxoedema,  the  subcutaneous  tissue  and  other 
organs  ai-e  infiltrated  with,  while  the  blood  contains,  miwin.  The  subcutaneous  tissue  is 
swollen,  and  the  patient  looks  as  if  suffering  from  renal  dropsy.  There  is  marked  alteration 
of  the  cerebral  faculties,  and  a  condition  resembling  a  "cretinoid  state"  occurs  after  the 
excision  of  the  thyroid  gland.  Victor  Horsley  has  shown  that  a  similar  condition  occurs  in 
monkeys  after  excision  of  the  thyroid  gland  (§  103,  III.).  [Laycock  described  a  condition  of 
nervous  oedema  which  occurs  in  some  cases  of  hemiplegia,  and  apiwently  it  is  independent  of 
renal  or  cardiac  disease.] 

[There  are  alterations  in  the  colour  of  the  skin  depending  on  nervous  aft'ections,  including 
localised  leucoderma,  where  circumscribed  patches  of  the  skin  are  devoid  of  pigment.  The 
]>igmentatiou  of  the  skin  in  Addison's  disease  or  bronzed  skin,  which  occurs  in  some  cases  of 
disease  of  the  suprarenal  capsules,  may  be  partly  nervous  in  its  origin,  more  especially  when  we 
consider  the  remarkable  pigmentation  that  occurs  around  the  nipple  and  some  other  parts  of 
the  body  during  pregnancy,  and  in  some  uterine  and  ovarian  affections. 

In  anaesthetic  leprosy,  the  anaesthesia  is  due  to  the  disease  of  the  nervous  structure,  which 
results  in  disturbance  of  motion  and  nutrition.  Amongst  other  remarkable  changes  in  the 
skin,  perhaps  due  to  trophic  conditions,  are  those  of  symmetrical  and  local  gangrene,  and 
acute  decubitus  or  bed-sores.] 

[Bed-Sores.— Besides  the  simple  chronic  form,  which  results  from  over-pressure,  bad  nursing 
and  inattention  to  cleanliness,  combined  with  some  defect  of  the  nervous  conditions,  there  is 
another  form,  acute  decubitus,  which  is  due  directly  to  nerve  influence  {Charcot).    The  latter 
usually  appears  within  a  few  hours  or  days  of  the  cerebral  or  spinal  lesion,  and  the  whole  cycle 
of  changes— from  the  appearance  of  the  erythematous  dusky  patch  to  inflammation,  ulceration 
and  gangrene  of  the  buttock— is  completed  in  a  few  days.    An  acute  bed-sore  may  form 
when  every  attention  is  paid  to  the  avoidance  of  pressure  and  other  unfavourable  conditions 
When  It  depends  on  cerebral  affections,  it  begins  and  develops  rapidly  in  the  centre  of  the 
gluteal  region  on  the  paralysed  side,  but  when  it  is  due  to  disease  of  the  spinal  cord  it  forms 
more  m  the  middle  line  in  the  sacral  region ;  while  in  unilateral  spinal  lesions  it  occurs  not  on 
the  paralysed,  but  on  the  anaesthetic  side,  a  fact  which  seems  to  show  that  the  trophic  like  the 
sensory  fibres,  decussate  in  the  cord  {Boss)  ]  ' 
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[There  are  other  forms  cine  to  nervous  disease,  including  symmetrical  gangrene  and  local 
asphj'xia  of  tlie  terminal  parts  of  the  body,  such  as  toes,  nose,  and  external  ear,  caused  perhaps 
by  spasm  of  the  small  arterioles  (Raynaiid's  disease) ;  and  the  still  more  curious  condition  of 
perforating  nicer  of  the  foot.  Hiemorrhage  of  nervous  origin  sometimes  occurs  in  the  skin, 
incliiding  those  that  occur  in  locomotor  ataxia  after  severe  attacks  of  pain,  and  hsematoma 
auriiun,  or  the  insane  ear,  which  is  specially  common  in  general  paralytics.] 

(d)  [Inhibitory  nerves  are  those  nerves  which  modify,  inhibit,  or  suppress  a 
motor  or  secretory  act  already  in  progress.] 

Take  as  an  example  the  effect  of  the  vagus  upon  the  action  of  the  heart.  Stimulation  of  the 
peripheral  end  of  the  vagus  causes  the  heart  to  stand  still  in  diastole  (§  S5) ;  see  also  the 
effect  of  the  splanchnic  upon  the  intestinal  movements  (§  161).  The  vaso-dilator  nerves,  or  those 
whose  stimulation.is  followed  by  dilatation  of  the  blood-vessels  of  the  area  which  they  supply, 
are  referred  to  especially  in  §  237. 

[There  is  the  greatest  uncertainty  as  to  the  nature  and  mode  of  action  of  inhibitory  nerves, 
but  take  as  a  type  the  vagus,  which  depresses  the  function  of  the  heart,  as  shown  by  the  slower 
rhythm,  diminution  of  the  contractions,  relaxation  of  the  muscular  tissue,  lowering  of  the 
excitability  and  conduction.  These  phenomena  are  not  due  to  exhaustion.  Gaskell  points  out 
that  the  action  is  beneficial  in  its  after  effects,  so  that  this  nerve,  although  it  causes 
diminished  acitivity,  is  followed  by  repairjof  function  ;  hence,  he  groups  it  as  anabolic  nerve, 
the  outward  symptoms  of  cessation  of  function  indicating  that  constructive  chemical  changes 
are  going  on  in  the  tissue.] 

(e)  Thermic  and  electrical  nerves  have  also  been  surmised  to  exist. 

[Gaskell  classifies  the  efferent  nerves  differently.  Besides  motor  nerves  to  striped  muscle, 
he  groups  them  as  follows  : — 

1.  Nerves  to  vascular  muscles. 

(a)  Vaso-motor,  i.e.,  vaso-con stricter,  accelerators  and  augmentors  of  the  heart. 
(&)  Vaso-inliihitory,  i.e.,  vaso-dilators  and  inhibitors  of  the  heart. 

2.  Nerves  of  the  visceral  muscles. 

(«)  Viscero-motor. 
{h)  Viscero-inhibitorif. 

3.  Glandular  nerves.] 

[Other  terms  are  applied  to  nerves  with  reference  to  the  chemical  changes 
they  excite  in  a  tissue  in  which  they  terminate.  The  ordinary  juetabolism  is  the 
resultant  of  two  processes — one  constructive,  the  other  destructive,  or  of  assimila- 
tion and  dissimilation  respectively.  The  former  process  is  anabolism,  the  latter 
katabolism.  A  motor  nerve  excites  chemical  destructive  changes  in  a  muscle,  and 
is  so  far  the  katabolic  nerve  of  that  tissue ;  in  the  same  way  the  sympathetic  to 
the  heart,  by  causing  more  rapid  contraction,  is  also  a  katabolic  nerve,  while  the 
vagus,  as  it  arrests  the  heart's  action,  and  brings  about  a  constructive  metabolism 
of  the  cardiac  tissue,  is  an  anabolic  nerve  {Gaskell).'] 

II.  Centripetal  or  Afferent  Nerves. — (a)  Sensory  Nerves  (sensory  in  the 
narrower  sense),  which  by  means  of  special  end-organs 
conduct  sensory  impulses  to  the  central  nervous  system. 

(b)  Nerves  of  Special  Sense. 

(c)  Reflex  or  Excito-motor  Nerves. — When  the 
periphery  of  one  of  these  nerves  is  stimulated,  an  im- 
pulse is  set  up  which  is  conducted  by  them  to  a  nerve- 
centre,  from  whence  it  is  transferred  to  a  cenirifwjal  or 
efferent  fibre,  and  the  mechanism  (I,  a,  b,  c,  d)  in  con- 
nection with  the  peripheral  end  of  this  efferent  fibre  is 
set  in  action  ;  thus,  there  are — Reflex  motor,  Reflex 
secretory,  and  Reflex  inhibitory  fibres.    [Fig.  422  Fig.  422. 

shows  the  simplest  mechanism  necessary  for  a  reflex  Scheme  of  a  reflex  motor  act.  S, 
motor  act.  The  impulse  starts  from  the  skin,  S,  travels  f^'^l^tl^J: 
up  the  nerve,  a/,  to  the  nerve-centre  or  nerve-cell,  N, 

situate  in  the  spinal  cord,  where  it  is  modified  and  transferred  to  the  outgoing  fibre, 
e.f\  and  conveyed  by  it  to  the  muscle,  M.] 

III.  Intercentral  Nervep. — These  fibres  serve  to  connect  ganglionic  centres 
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with  each  other,  as,  for  example,  in  co-ordinated  movements,  and  in  extensive  reflex 
acts. 

THE   CRANIAL  NERVES. 

343.  I-  NERVUS  OLFACTORIIIS.— Anatomical.— The  three-sided  prismatic  tractus  olfac- 
torius,  I'yiug  iu  a  groove  on  the  under  surface  of  tlie  frontal  lobe,  arises  by  means  of  an  inner, 
outer/and  middle  root,  from  the  tuber  olfactorium  (fig.  428,  1).  The  tractus  swells  out  upon 
the  cribriform  plate  of  the  ethmoid  bone,  and  becomes  the  bulbus  olfactorius,  which  is  the 
analogue  of  the  special  portion  of  the  brain,  existing  in  different  mammals  with  a  well-developed 
sense  of  smell  [Gratiolet).  From  twelve  to  fifteen  olfactory  filaments  pass  througli  the  foramina 
in  the  cribriform  plate  of  the  ethmoid  bone.  At  first  they  lie  between  the  periosteum  and  the 
mucous  membrane,  but  in  the  lower  third  of  their  course  they  enter  the  mucous  membrane  of 
the  regio  olfactoria.  The  bulb  consists  of  white  matter  below,  and  above  of  grey  matter  mixed 
with  small  spindle-shaped  ganglionic  cells.  Henle  describes  six,  and  Meynert  eight  layers,  of 
nervous  matter  seen  on  transverse  section.  [The  centre  for  smell  lies  in  the  tip  of  the  uncinate 
gyrus  on  the  inner  surface  of  the  cerebral  hemisphere  {Ferricr).'\  According  to  Gudden,  removal 
of  the  olfactory  bulb  is  followed  by  atrophy  of  the  gyrus  uncinatus  on  the  same  side.  Accord- 
ing to  Hill,  the  three  roots  of  the  olfactory  bulb  stream  backwards,  the  inner  one  is  small,  the 
middle  one  is  a  thick  bundle,  which  grooves  the  head  of  the  caudate  nucleus,  curves  inwards 
to  the  anterior  commissure,  and  crosses  vid  this  commissure  where  it  decussates,  and  passes  to 
the  extremity  of  the  temporo-sphenoidal  lobe.  The  outer  roots  pass  transversely  into  the 
pyriform  lobe,  thence  vid  the  fornix,  corpora  albicantia,  the  bundle  of  Vicq  d'Azyr  into  the 
anterior  end  of  the  optic  thalamus.  Hill  also  points  out  that  the  elements  contained  in  the 
olfactory  bulb  are  identical  with  those  contained  in  the  four  outer  layers  of  the  retina.  Flechsig 
traces  its  origin  (1)  to  the  gyrus  fornicatus,  (2)  through  the  lamia  perforata  anterior  to  the 
internal  capsule  (sensory  part),  and  to  the  gyrus  uncinatus  (sensory  area  of  the  cerebrum)  (§  378, 
IV.).  Probably  the  fibres  at  their  origin  cross  to  the  cerebrum.  There  is  a  connection  between 
the  olfactory  bulbs  in  the  anterior  commissure.    [Each  nerve  is  related  to  both  hemispheres.] 

Function, — It  is  the  only  nerve  of  smell.  Physiologically,  it  is  excited  only  by 
gaseous  odorous  bodies — {Sense  of  Sviell,  §  420).  Stimulation  of  the  nerve,  by  any 
other  form  of  stimulus,  in  any  part  of  its  course,  causes  a  sensation  of  smell.  [It 
also  conveys  those  impressions  which  we  call  flavours,  but  in  this  case  the  sensation 
is  combined  with  impressions  from  the  organs  of  taste.  In  this  case  also  the  stimulus 
reaches  the  nerve  by  the  posterior  nares.]  Congenital  absence  or  section  of  both 
olfactory  nerves  abolishes  the  sense  of  smell  (easily  performed  on  young  animals — 
Biffi). 

Pathological. — The  term  hyperosmia  is  applied  to  cases  where  the  sense  of  smell  is 
excessively  and  abnormally  acute,  as  in  some  hysterical  persons,  and  in  cases  where  there  is  a 
purely  subjective  sense  of  smell,  as  in  some  insane  persons.  The  latter  is  perhaps  due  to  an 
abnormal  stimulation  of  the  cortical  centre  (§  378,  IV.).  Hyposmia  and  anosmia  {i.e., 
diminution  and  abolition  of  the  sense  of  smell)  may  be  due  to  mechanical  causes,  or  to  over- 
stimulation. Strychnin  sometimes  increases,  while  morphia  diminishes,  the  sense  of  smell 
[Method  of  Testing,  §  421.] 

344.  n.  NERVUS  OPTICUS.— Anatomical.— The  tractus  opticTis  (fig.  428,  II)  arises  from 
the  anterior  corpora  quadrigemina,  the  corpus  geniculatum  externum,  and  the  thalamus  opticus 
(fig.  428),  as  well  as  from  the  grey  matter  which  lines  the  third  ventricle  {Tartuferi).  A 
broad  bundle  of  fibres  passes  from  the  origin  of  the  optic  tract  to  the  cortical  visual  centre, 
at  the  apex  of  the  occipital  lobe  on  the  same  side  {Wernicke— %  379,  IV.).  Fibres  pass  from 
the  cerebellum  through  the  crura. 

The  optic  tract  bends  round  the  pedunculus  cerebri,  where  it  unites  with  its  fellow  of  the 
opposite  side  to  form  the  chiasma,  and  from  the  opposite  side  of  this  the  two  optic  nerves 
spring. 

[Connections  of  Optic  Tract.— There  is  very  considerable  difficulty  in  ascertaining  the  exact 
origm  of  all  the  fibres  of  the  optic  tract.  Although  as  yet  the  statement  of  Gratiolet  is  not 
proved  that  the  optic  tract  is  directly  connected  with  every  part  of  the  cerebral  hemisphere  in 
man,  from  the  frontal  to  the  occipital  lobe,  still  the  researches  of  D.  J.  Hamilton  have  shown 
that  its  connections  are  very  extensive.  It  is  certain  that  some  of  them  are  gancflionic  i  e 
connected  with  the  ganglia  at  the  base  of  the  brain,  while  others  are  cortical,  and  form  connec- 
tions with  the  cortex  cerebri.  The  ganglionic  fibres  arise  from  the  corpora  geniculata  pulvinar 
and  anterior  corpora  quadrigemina,  and  probably  also  from  the  substance  of  the  thalamus  The 
cortical  fibres  join  the  ganglionic  to  form  the  optic  tract.  According  to  D.  J  Hamilton  the 
connection  with  the  cortex  in  the  frontal  region  is  brought  about  by  "Meynert's  commissure  " 
The  latter  arises  directly  from  the  lenticular-nucleus-loop,  decussates  in  the  lamina  cinerea  aiid 
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passes  into  the  optic  nerve  of  the  opposite  side.  The  lenticular-niicleus-loop  is  formed  below  the 
leuticidar  nucleus  by  the  junction  of  the  strife  medullares  ;  the  stria;  niedullares  form  part  of  the 
fibres  of  the  internal  cajisule,  and  the  inner  capsule  is  largely  composed  of  fibres  descending 
from  the  cortex.  Hamilton  also  asserts  that  other  cortical  connections  join  the  tract  iis  it  winds 
round  the  pedunculus  cerebri,  and  they  include  («)  a  large  mass  of  hbres  coming  from  the  motor 
areas  of  the  opposite  cerebral  hemisphere,  crossing  in  the  corpus  callosum,  entering  the  outer 
capsule,  and  joining  the  tract  directly  ;  (b)  fibres  uniting  it  to  the  temporo-sphenoidal  lobe  of 
the  same  side,  especially  the  first  and  second  temporo-sphenoidal  convolutions ;  (c)  fibres  to  the 
gyrus  hippocampi  of  the  same  side  ;  {d)  a  large  leash  of  fibres  forming  the  "optic  radiation  " 
of  Gratiolet,  which  connect  it  directly  with  the  tip  of  the  occipital  lobe.  There  are  probaldy 
also  indirect  connections  with  the  occipital  region  tlirough  some  of  the  basal  ganglia.  Although 
some  observers  do  not  admit  the  connections  with  the  frontal  and  sphenoidal  lobes,  all  are 
agreed  as  to  its  connection  with  the  occipital  liy  means  of  the  "  optic  radiation."] 

[The  optic  radiation  of  Gratiolet  is  a  wide  strand  of  fibres  expanding  and  terminating  in  the 
occipital  lobes.  It  is  composed  of,  or,  stated  otherwise,  gives  branches  to  (a)  the  optic  tract 
directly,  {b)  the  corpus  geniculatum  internum  and  externum,  (c)  to  the  pulvinar  and  substance 
of  the  thalamus,  {d)  a  direct  sensitive  band  (Meynert's  "  Sensitive  band  ")  to  the  posterior  third 
of  the  posterior  limb  of  tlie  inner  capsule,  (e)  fibres  which  run  between  the  island  of  Reil  and 
the  tip  of  the  occipital  lobe  (D.  J.  Hamilton).  ] 

Chiasma. — The  extent  of  the  decussation  of  the  optic  fibres  in  the  chiasma  is 
subject  to  variations.  As  a  rule,  rather  more  than  half  of  the  fibres  of  one  tract 
cross  to  the  optic  nerve  of  the  opposite  side  (fig.  423),  so  that  the  left  optic  tract 


Fig.  423.— Scheme  of  the  semi-decussation  of  the  optic  nerves.  L.J.,  left  eye;  Jt.A.,  right 
eye.  Fig.  424. — Diagram  of  the  relation  of  the  field  of  vision,  retina,  and  optic  tracts. 
RF,  LF,"  right  and  "feft  fields  of  vision— the  asterisk  is  at  the  fixing  point  ;  RR,  LR, 
right  and  left  retina — the  asterisk  is  at  the  macula  lutea ;  l.h. ,  r.h. ,  left  half  and  right  half  of 
each  retina,  receiving  rays  from  the  opposite  half  of  the  field  ;  RN,  LN,  right  and  left 
optic  nerves  ;  Ch,  chiasma  ;  RT,  LT,  right  and  left  optic  tracts ;  below,  the  halves  of  the 
•  fields  from  which  impressions  pass  by  each  optic  tract  are  superimposed  {Goivers). 

sends  fibres  to  the  left  half  of  both  eyes,  while  the  right  tract  supplies  the  right 
half  of  both  eyes  (§  378,  IV.)-  [Thus,  the  corresponding  regions  of  each  retina  are 
brought  into  relation  with  one  hemisphere.  The  fibres  which  cross  are  from  the 
nasal  half  of  each  retina  (fig.  424).] 

Hence,  in  man,  destruction  of  one  optic  tract  (and  its  central  continuation  in  the  occipital 
lobe  of  the  cerebrum)  produces  "  equilateral  or  homonymous  hemianopia."  In  the  cat  there 
is  a  semi-decussation  ;  hence,  in  this  animal  extirpation  of  one  eyeball  causes  atrophy  and 
deo-eneration  of  half  of  the  nerve-fibres  in  both  optic  tracts  {Guddcn).  Baumgarten  and  Mohr 
have  observed  a  similar  result  in  man.  A  sagittal  section  of  the  chiasma  in  the  cat  produces 
partial  blindness  of  both  eyes  (Nicati).  According  to  Gudden,  the  filires  which  decussate  are 
more  numerous  than  those  which  do  not,  although  J.  Stilling  maintains  that  they  are  only 
slio-htly  more  numerous.  According  to  J.  Stilling,  the  decussating  fibres  lie  in  the  central  axis 
of  the  nerve,  while  those  which  do  not  decussate  form  a  layer  around  the  former. 


RF 


Fig.  423. 


Fig.  424. 
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Other  observers  maintain  that  there  is  complete  decussation  of  all  the  fibres  in  the  chiasma. 
Hence,  section  of  one  optic  nerve  causes  dilatation  of  the  puiDil  and  blindness  on  the  same  side, 
while  section  of  one  optic  tract  causes  dilatation  of  the  pupil  and  blindness  of  the  o2)posite  eye 
{Knoll).  In  osseous  fishes,  both  optic  nerves  arc  isolated  and  nicrel}'  cross  over  each  other,  while 
in  the  cyelostoniata  they  do  not  cross  at  all.  [Total  decussation  occurs  in  those  animals  where 
the  eyes  do  not  act  together.] 

Injury  of  the  external  geniculate  body  and  section  of  the  anterior  brachium  have  the  same 
effect  as  section  of  the  optic  tract  of  the  same  side  (§  359 — Beclitercic). 

In  very  rare  cases  the  decussation  is  absent  in  man,  so  that  the  right  tract  passes  directly  into 
the  right  eyeball,  and  the  left  into  the  left  eyeball  {Vescdiiis,  Caldani),  the  sight  not  being 
interfered  with. 

It  is  (juite  certain  that  the  individual  fibres  do  not  divide  in  the  chiasma.  Two  commissures, 
the  inferior  commissure  (Guchlen)  and  Meynert's  commissure,  unite  both  optic  tracts  further 
back. 

A  special  commissure  (C.  inferior)  extends  in  a  curved  form  across  the  posterior  angle  of  the 
chiasma  {Giuldcn).  It  does  not  degenerate  after  enucleation  of  the  eyeballs,  so  that  it  is 
regarded  as  an  intercentral  connection.  After  excision  of  an  eye,  there  is  central  degeneration 
of  the  fibres  of  the  optic  nerve  entering  the  eyeball  [Gudden),  and  in  man  about  the  half  of  the 
fibres  in  the  corresponding  optic  tract  {Baumgartcn,  Mohr).  After  section  of  both  optic  nerves, 
or  enucleation  of  lioth  eyeballs,  there  is  a  degeneration,  proceeding  centrally,  of  the  whole  optic 

tract.  The  degeneration  extends  to  the  origins  in 
the  corpora  quadrigemina,  porpora  geniculata,  and 
pulvinai',  but  not  into  the  condiicting  paths  lead- 
ing to  the  cortical  visual  centre  {v.  Monakow)  (§ 
378,  IV.  I.). 

[Hemianopia  and  Hemianopsia. — When  one 
optic  tract  is  interfered  with  or  divided,  there  is 
interference  with  or  loss  of  sight  in  the  lateral 
halves  of  both  retina;,  the  blind  part  being 
separated  from  the  other  half  of  the  field  of  vision 
by  a  vertical  line.  AVhen  it  is  spoken  of  as 
paralysis  of  one-half  of  the  retina,  the  term 
hemiopia,  or  preferably  hemianopia,  is  applied 
to  it ;  when  with  reference  to  the  field  of  vision, 
the  term  hemianopsia  is  used  (see  Eye).  Suppose 
the  left  optic  tract  to  be  divided  or  pressed  upon 
by  a  tumour  at  K  (fig.  425),  then  the  outer  half 
of  the  left  and  the  inner  half  of  the  right  eye  are 
blind,  causing  ru//i<  lateral  hemianopsia,  i.e.,  the 
two  halves  are  affected  which  correspond  in  ordi- 
nary vision,  so  that  the  condition  is  spoken  of 
homonymous  hemianopsia.  Suppose  the  lesion 
to  be  at  T  (fig.  425),  then  there  is  paralysis  of  the 
inner  halves  of  both  eyes,  causing  double  temporal 
hemianopsia.  When  there  are  two  lesions  at  NN, 
which  is  very  rare,  the  outer  halves  of  both  retinsE 
are  paralysed,  so  that  there  is  double  nasal  hcmi- 
anopsia.  In  order  to  explain  some  of  the  eye 
symptoms  that  occasionally  occur  in  cerebral 
disease,  Charcot  has  supposed  that  some  of  the 
fibres  which  pass  from  the  external  geniculate 
body  to  the  visual  centres  in  the  occipital  lobe 
cross  behind  the  corpora  quadrigemina,  and  this 

at 


Diagram  of  the  decussation  of  the  optic  tracts. 
T,  semi-decussation  in  the  chiasma  ;  TQ, 
decussation  of  fibres  behind  the  ext.  geni- 
culate bodies  (CG);  a'b,  fibres  which  do  not 
decussate  in  the  chiasma  ;  b'  a',  fibres  pro- 
ceeding from  the  right  eye,  and  coming 
together  in  the  left  hemisphere  (LOG)  ; 
LOG,  K,  lesion  of  the  left  optic  tract  pro- 
ducing right  lateral  hemianopsia ;  A,  lesion 
in  the  left  hemisphere  producing  crossed 


IS  represented  in  the  diagram  as 


amblyopia  (right  eye) ;  T,  lesion  producing  TQ,  in  the  corpora  quadrigemina. 


temporal  hemianopsia  ;  NN 
ducing  nasal  hemianopsia. 


w  .       X  -On  this  view, 

lesion  pro-  all  the  occipital  cortical  fibres  from  one  eye 
wouUl  ultimately  pass  to  the  cortex  of  the  occi- 
pital  lobe  of  the  opposite  hemisphere.  This 
view,  however,  by  no  means  explains  all  the  facts,  for  in  cases  of  homonymous  hemianopsia 
the  point  of  central  vision  on  both  sides,  i.e.,  both  macnla;  lutere  are  always  unafiected  so  that 
it  IS  assumed  that  each  macula  lutea  is  connected  with  both  hemispheres.  The  second 'crossin a- 
suggested  by  Charcot  probably  does  not  occur.  Affections  of  the  optic  nerve  c  q  between  the 
eyeball  and  the  chiasma,  i.e.,  m  the  orbit,  optic  foramen,  or  within  the  skull,  affect  one  eve 
only;  ot  the  nnddle  of  the  chiasma,  cause  temporal  hemiopia;  of  the  optic  tract  between 
the  chiasma  and  occipital  cortex,  hemiopia,  which  is  always  symmetrical  (Goiccrs)  ' 

Fig.  424,  reduced  from  tliat  of  Gowers,  shows  the  relation  of  the  fields  of  vision  of 
tracts,  and  the  cerebral  optic  centre. 


the  retina. 
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Function.— The  optic  nerve  is  the  nerve  of  sight ;  physiologically,  it  is  excited 
only  by  the  transference  of  the  vibrations  of  the  ether  to  the  rods  and  cones  of  the 
retina  (§  383).  Every  other  form  of  stimulus,  when  applied  to  the  nerve  in  its 
course  or  at  its  centre,  causes  the  sensation  of  light.  Section  or  degeneration  of 
the  nerve  is  followed  by  blindness.  Stimulation  of  the  optic  nerve  causes  a  reflex 
contraction  of  the  pupils,  the  efferent  nerve  being  the  oculomotorius  or  third  cranial 
nerve.  If  the  stimulus  be  very  strong,  the  eyelids  are  closed  and  there  is  a 
secretion  of  tears.  The  influence  of  light  upon  the  general  metabolism  is  stated  at 
§127,9. 

As  the  optic  nerve  has  special  and  independent  connections  with  the  so-called 
visual  centre  (§  378,  IV.),  as  well  as  with  the  centre  for  narrowing  the  pupil  (§  345), 
it  is  evident  that,  under  pathological  circumstances,' there  may  be,  on  the  one  hand, 
blindness  with  retention  of  the  action  of  the  iris,  and  on  the  other  loss  of  the 
movements  of  the  iris,  the  sense  of  vision  being  retained  (Wernicke). 

Pathological. — Stimulation  of  almost  the  whole  of  the  nervous  apparatus  may  cause  excessive 
.sensibility  of  the  visual  apparatus  (hypersesthesia  optica),  or  even  visual  impressions  of  the 
most  varied  kinJs  (photopsia,  chromatopsia),  which  in  cases  of  stimulation  of  the  visual 
centre  may  become  actual  visual  hallucinations  (§  378,  IV.).  Material  change  in,  and 
inflummation  of,  the  nervous  apparatus  are  often  followed  by  a  nervous  weakness  of  vision 
(amblyopia),  or  even  by  blindness  (amaurosis).  Both  conditions,  however,  may  be  the  signs 
of  disturbances  of  other  organs,  i.e.,  they  are  "sympathetic"  signs,  due  it  may  be  to  changes 
in  the  movement  of  the  blood-stream,  depending  upon  stimulation  of  the  vaso -motor  nerves. 
The  discovery  of  the  partial  origin  of  the  optic  nerve  from  the  spinal  cord  explains  the 
occurrence  of  amblyopia  with  partial  atrophy  of  the  optic  nerve,  in  disease  of  the  s^jinal  cord, 
especially  in  tabes.  Many  poisons,  such  as  lead  and  alcohol,  disturb  vision.  There  are 
remarkable  intermittent  forms  of  amaurosis  known  as  day-blindness  or  hemeralopia,  which 
occurs  in  some  diseases  of  the  liver  and  is  sometimes  associated  with  incipient  cataract.  [The 
person  can  see  better  in  a  dim  light  than  during  the  day  or  in  a  bright  light.  In  night- 
blindness  or  nyctalopia,  the  person  cannot  see  at  night  or  in  a  dim  light,  while  vision  is  good 
during  the  day  or  in  a  bright  light.  It  depends  upon  disorder  of  the  eye  itself,  and  is  usually 
associated  with  imperfect  conditions  of  nutrition.] 

345.  III.  NERVUS  OCULOMOTORrUS.— Anatomical.— It  springs  from  the  oculomotorius 
nucleus  (united  with  that  of  the  trochlearis),  w-hich  is  a  direct  continuation  of  the  anterior 
horn  of  the  spinal  cord,  and  lies  under  the  aqueduct  of  Sylvius  (fig.  428).  [The  motor  nucleus 
(fig.  427)  gives  origin  to  three  sets  of  fibres,  for  (1)  the  most  of  the  muscles  of  the  eyeballs,  (2) 
the  sphincter  pupill?e,  (S)  ciliary  muscle.  The  nucleus  of  the  3rd  and  4th  nerves  is  also  con- 
nected with  that  of  the  6th  under  the  iter,  so  that  all  the  nerves  to  the  ocular  muscles  are  thus 
co-related  at  their  centres.] 

The  origin  is  connected  with  the  corpora  quadrigeraina,  to  which  the  intraocular  fibres  may 
be  traced,  and  also  with  the  opposite  half  of  the  brain  to  the  angular  gyrus  (§  378,  I.)  through 
the  pedunculus  cerebri.  Beyond  the  pons,  it  appears  on  the  inner  side  of  the  cerebral  peduncle, 
between  the  superior  cerebellar  and  posterior  cerebral  arteries  (fig.  428,  III). 

Function. — It  contains — (1)  the  voluntary  motor  fibres  for  all  the  external 
muscles  of  the  eyeballs — except  the  external  rectus  and  superior  oblique — and  for 
the  levator  palpebral,  superioris.  The  co-ordination  of  the  movements  of  both  eye- 
balls, however,  is  independent  of  the  will.  (2)  The  fibres  for  the  sphincter  pupillce, 
which  are  excited  reflexly  from  the  retina.  (3)  The  voluntary  fibres  for  the  muscle 
of  accommodation,  the  tensor  choroidere  or  ciliary  nuiscle.  The  intrabulbar  fibres  of 
2  and  3  proceed  from  the  branch  for  the  inferior  oblique  muscle,  as  the  short  root 
of  the  ciliary  ganglion  (fig.  429).  They  reach  the  eyeball  through  the  short  ciliary 
nerves  of  the  ganglion.  V.  Trautvetter  and  others  observed  that  stimulation  of 
the  nerve  caused  changes  in  the  eye  similar  to  those  which  accompany  near  vision. 
The  three  centres  for  the  muscle  of  accommodation,  the  sphincter  pupilla;,  and  the 
internal  rectus  muscle,  lie  directly  in  relation  with  each  other,  in  the  most  posterior 
part  of  the  floor  of  the  third  ventricle  {Hensen  and  Volchers). 

The  centre  for  the  refex  stimulation  of  the  sphincter  fibres  by  light  was  said 
to  be  in  the  corpora  quadrigemina,  but  newer  i-esearches  locate  it  in  the  medulla 
oblongata  (§,§  379,  392).    The  narrowing  of  the  pupil,  which  accompanies  the  act 
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of  accommodation  for  a  near  object,  is  to  be  regarded  as  an  associated  movement 

(§  392,  5).  .  ; 

Anastomoses. — In  man,  the  nerve  anastomoses  on  the  sinus  cavernosus  with  the  ophthalmic 
branch  of  the  trigeminus,  whereby  it  receives  sensory  fibres  for  the  muscles  to  which  it  is  distri- 
buted {Valentin,  Adamiik),  with  the  sympathetic  tlirough  the  carotid  plexus,  and  (?)  indirectly 
through  tlie  abducens,  whereby  it  receives  vaso-niotor  fibres  (?). 

Varieties.— In  some  rare  cases,  the  pupillary  fibres  for  the  sphincter  run  in  the  abducens 
(Adamiik),  or  even  in  the  trigeminus  (Schif,  v.  Srrafe). 

Atropin  paralyses  the  intrabulbar  fibres  of  the  oculomotorius,  while  Calabar  bean 
stimulates  them  (or  paralyses  the  sympathetic,  or  both — compare  §  392). 

Stimulation  of  the  nerve,  which  causes  contraction  of  the  pupil,  is  best  demonstrated  on  the 
decapitated  and  opened  head  of  a  bird.  The  pupil  is  dilated  in  paralysis  of  the  oculomotorius, 
in  asphyxia,  sudden  cerebral  ana?mia  {e.g.,  by  ligature  of  the  carotids,  or  beheading),  sudden 
venous  congestion,  and  at  death. 

Pathological. — Complete  paralysis  of  the  oculomotorius  is  followed  by — (1)  drooping  of  the 
upper  eyelid  (ptosis  paralytica);  (2)  immobility  of  the  eyeball  ;  (3)  squinting  (strabismus)  out- 
wards and  downwards,  and  consequently  there  is  double  vision  (diplopia) ;  (4)  slight  protrusion 
of  the  eyeball,  because  the  action  of  the  superior  oblique  muscle  in  pulling  the  eyeball  forward 
is  no  longer  compensated  by  the  action  of  three  paralysed  recti  muscles.  In  animals  pro\-ided 
with  a  retractor  bulbi  muscle,  the  protrusion  of  the  eyeball  is  more  pronounced ;  (.5)  moderate 
dilatation  of  the  pupil  (mydriasis  paralytica);  (6)  the  pupil  does  not  contract  to  light;  (7)  in- 
ability to  accomnioilate  for  a  near  object.  It  is  to  be  noted,  however,  that  the  paralysis  may 
be  confined  to  individual  branches  of  the  nerve,  i.e.,  there  may  be  incomplete  paralysis. 

[Squinting. — In  paralysis  of  the  superior  rectus,  the  eye  cannot  be  moved  upwards,  and 
especially  upwards  and  outwards.  There  is  diplopia  on  looking  upwards,  the  false  image  being 
above  the  true,  and  turned  to  the  right  when  the  left  eye  is  affected  (fig.  426,  3).  Inferior 
Eectus. — Defect  of  downward,  and  especially  downward  and  outward  movement,  the  eye  being 
directed  upwards  and  outwards.  Diplopia  with  crossed  images,  the  false  one  is  below  the  true 
image  and  placed  obliquely,  being  turned  to  the  left  when  the  left  eye  is  affected.    Diplopia  is 


Internal  External  Superior  Inferior  Inferior 

rectus.  rectus.  rectus.  oblique.  rectus. 

Fig.  426. 

The  black  cross  represents  the  true  image,  the  thin  cross  the  false  image. 

represented  as  affected  in  all  cases  {Bristow). 


Superior 
oblique. 


The  left  eye  is 


most  ti-oublesome  when  the  object  is  below  the  line  of  vision  (fig.  426,  5).  Internal  Rectus.— 
Defective  inward  movement,  divergent  squint,  and  diplopia,  the  images  being  on  the  same  plane, 
the  false  one  to  the  patient's  right  when  the  left  eye  is  affected.  The  head  is  turned  to  the 
healthy  side,  when  looking  at  an  object,  while  there  is  secondary  deviation  of  the  healthy  eye 
outwards  (fig.  426,  1).  Inferior  oblique  is  rare,  the  eye  is  turned  slightly  downwards  and  in- 
wards, and  defective  movement  upwards.  Diplopia  with  the  false  image  above  the  true  one, 
especially  on  looking  upwards  ;  the  false  image  is  oblique,  and  directed  to  the  patient's  left 
when  the  left  eye  is  affected  (fig.  426,  4).] 

Stimulation  of  the  branch  supplying  the  levator  palpebrse  in  man  causes  lagophthalmiis 
spasticiis,  while  stimulation  of  the  other  motor  fibres  causes  a  corresponding  strabismus  spas- 
ticus.  The  latter  form  of  squinting  may  be  caused  also  reflexly— in  teething,  or  in  cases 
of  diarrhcea  in  children  ;  [the  presence  of  M  orms  or  other  source  of  irritation  in  the  intestines  of 
children  is  a  frequent  cause  of  squinting].  Clonic  spasms  occur  in  both  eyes,  and  also  as  in- 
voluntary movements  of  the  eyeballs  constituting  nystagmus,  which  may  be  produced  by 
stimulation  of  the  corpora  quadrigemina,  as  well  as  by  other  means.  Tonic  contraction  of  the 
sphincter  pupillre  is  called  myosis  spastica,  and  clonic  contraction,  hippus.  Spasm  of  the  muscle 
ot  accommodation  (ciliary  muscle)  is  sometimes  observed  ;  owing  to  the  imperfect  iud<rment  of 
distance,  this  condition  is  not  unfrequently  associated  with  macropia.  ° 

[Conjugate  Deviation. —Some  movements  are  produced  by  non-corresponding  muscles  •  thus 
on  looking  to  the  right,  we  use  the  right  external  rectus  and  left  internal  rectus,  and  the  same 
is  the  case  in  turmng  the  head  to  the  right,  e.g.,  the  inferior  oblique,  some  muscles  of  the  ri^ht 
side  act  along  with  the  left  sterno-mastoid.    In  hemiplegia,  the  muscles  on  one  side  are  paralys^ed 
so  that  the  head  and  often  the  eyes  are  turned  away  from  the  paralysed  side,  i.e.,  to  the  side  of 
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the  lirani  on  which  the  lesion  occurs.  This  is  called  ' '  conjugate  deviation  "  of  the  eyes,  with 
rotation  of  the  head  and  neck.  If  the  right  'external  rectus  be  paralysed  from  an  affection  of 
the  sixth  nerve,  on  telling  the  i)atient  to  look  to  tlic  right  it  will  be  found  that  the  left  eye  will 
squint  more  inwards  even  than  the  right  eve,  i.e.,  owing  to  the  strong  voluntary  effort,  the 
muscle,  the  left  internal  rectus  which  usually  acts  along  with  the  right  external  rectus,  con- 
tracts vigorously,  and  so  we  get  secondary  deviation  of  the  sound  eye.  Similar  results  occur 
in  connection  with  paralysis  of  other  ocular  muscles.] 
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(Posterior  pyramid). 


Fig.  427. 

Medulla  oblongata,  with  the  corpora  quadrigemina.    The  numbers  IV-XII  indicate  the 

superficial  origins  of  the  cranial  nerves,  while  those  (3-12)  indicate  their  deep  origin,  i.e., 
the  position^of  their  central  nuclei;  t,  funiculus  teres. 

346.  IV.  NERVUS  TROCHLEARIS.— Anatomical.— It  arises  from  the  valve  of  Vieussens, 
i.e.,  behind  the  fourth  ventricle,  but  its  fibres  pass  to  the  oculoiiiotorius  from  the  trochlcaris 
ntccleus,  which  is  to  a  certain  extent  a  continuation  of  the  anterior  horn  of  the  spinal  cord  (fig. 
427).  It  passes  to  the  lower  margin  of  the  corpora  quadrigemina,  pierces  the  roof  of  the 
aqueduct  of  Sylvius,  then  into  the  velum  meduUare  superius,  and  after  decussating  with  the 
root  of  the  opposite  side  behind  the  iter,  it  jiierces  the  crus  at  the  superior  and  external  border 
(fig.  428).  Its  fibres  cross  between  its  nucleus  and  its  distribution.  It  has  also  an  origin  from 
the  locus  coeruleus.  The  root  of  the  nerve  receives  some  fibres  from  the  nucleus  of  the  abducens 
of  the  opposite  side.  Physiologically,  there  is  a  necessity  for  a  connection  between  the  centre 
and  the  cortical  motor  centre  for  the  eye  muscles. 
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Function.— It  is  the  voluntary  motor  nerve  of  the  superior  oblique  muscle.  (In 

co-ordinated  movements,  how- 


d 

Fig.  428. 

Part  of  the  base  of  the  brain,  with  the  origins  of  the  cranial 
nerves  ;  the  convohitions  of  the  island  of  Reil  on  the 
right  side,  but  removed  on  the  left.  I',  olfactory  tract 
cut  short  ;  II,  left  optic  nerve  ;  II',  right  optic  tract ; 
Th,  cut  surface  of  the  left  optic  thalamus  ;  C,  central 
lobe,  or  island  of  Reil ;  Sy,  fissure  of  Sylvius ;  XX,  the 
locus  perforatus  anticus  ;  c,  the  external,  and  i,  the  in- 
ternal corpus  geniculatum  ;  h,  hypophysis  cerebri  ;  tc, 
tuber  cinereum,  with  the  infundibulum  ;  a,  points  to  one 
of  tlie  corpora  albicantia  ;  P,  the  cerebral  peduncle ;  /, 
the  fillet ;  III,  left  oculomotor  nerve  ;  X,  the  locus  per- 
foratus posticus  ;  PV,  pons  Varolii  ;  V,  the  greater  part 
of  the  fifth  nerve  ;  +,  the  lesser  root  (on  the  right  side 
this  mark  is  placed  on  the  Gasserian  ganglion  and  points 
to  the  lesser  root);  1,  ophthalmic  division  of  the  fifth  ; 
VII  a,  facial,  VII  b,  auditory  ;  VIII,  vagus  ;  VIII  a, 
glosso-pharyngeal  ;  VIII  b,  spinal  accessory;  IX,  hypo- 
glossal ;  Jl,  flocculus  ;  fk,  horizontal  fissure  of  the  cere- 
bellum (Cc)  ;  am,  amygdala  ;  ^ja,  anterior  pyramid  ;  o, 
olivary  body  ;  e,  restiform  body ;  d,  anterior  median 
fissure  ;  cl,  the  lateral  column  of  the  spinal  cord  ;  CI, 
the  sub-occipital  or  first  cervical  nerve. 


ever,  it  is  involuntary.) 

Anastomoses.  —  Its  connections 
with  the  plexus  caroticus  sympa- 
thici,  and  with  the  first  branch  of 
the  trigeminus,  have  the  same  sig- 
nificance as  similar  branches  of  the 
oculomotorius. 

Pathological. — Paralysis  of  the 
trochlearis  nerve  causes  a  very  slight 
loss  of  the  mobility  of  the  eyeball 
outwards  and  downwards.  There 
is  slight  squinting  inwards  and 
upwards,  with  diplopia  or  double 
vision.  The  images  are  placed 
obliquely  over  each  other  [the  false 
image  being  the  lower,  and  directed 
to  the  patient's  right  when  the  left 
eye  is  aftected  (fig.  426,  6)]  ;  they 
approach  each  other  when  the  head 
is  turned  towards  the  sound  side, 
and  are  separated  when  the  head  is 
turned  towards  the  other  side.  The 
patient  at  first  directs  his  head  for- 
wards, later  he  rotates  it  round  a 
vertical  axis  towards  the  .sound  side. 
In  rotating  his  head  (whereby  the 
sound  eye  may  retain  the  primary 
position),  the  eye  rotates  with  it. 
Spasm  of  the  trochlearis  causes 
squinting  outwards  and  downwards. 

347.  V.  NERVUS  TRIGEMI- 
NUS.— Anatomical. — The  trigemi- 
nus (fig.  429,  5),  arises  like  a  spinal 
nerve  by  two  roots  (fig.  428,  V. ) 
The  smaller,  anterior,  motor  root 
proceeds  from  the  "motor  tri- 
geminal nucleus "  (5),  which  is 
provided  with  many  multipolar 
nerve-cells,  and  lies  in  the  floor  of 
the  medulla  oblongata,  not  far  from 
the  middle  line.  Fibres  connect 
this  nucleus  with  the  cortical  motor 
centres  on  the  opposite  side  of  the 
cerebrum.  Besides  this  the  "  de- 
scending root "  also  supplies  motor 
fibres.  It  extends  laterally  from 
the  corpora  quadrigemina  along  the 
aqueduct  of  Sylvius  downwards  to 
the  exit  of  the  nerve  {Hcnlc,  Ford). 
The  large  posterior  sensory  root 
receives  fibres  : — (1)  From  the  small 
cells  of  the  "sensory  trigeminal 
nucleus  "  which  lies  at  the  level  of 
the  pons,  and  is  the  analogue  of  the 
posterior  horn  of  the  grey  matter  of 
the  spinal  cord.  (2)  From  the  grey 
matter  of  the  posterior  horn  of  the 
spinal  cord,  downwards  as  far  as  the 
second  cervical  vertebra.  These 
fibres  run  into  the  posterior  column 
of  the  cord  and  then  appear  as  the 
"ascending  root"  in  the  trige- 
minus.   (3)  Some  fibres  come  from 


the  cerebellum,  through  the  crura  cerebelli.    The  origins  of  the  sensory  root  anastomose  with 
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the  motor  nuclei  of  all  the  nerves  arising  from  the  medulla  oblongata,  with  the  exception  of 
the  abducens.  This  explains  the  vast  number  of  reflex  relations  of  the  fifth  nerve.  The  tliick 
trunk  appears  on  each  side  of  the  pons  (fig.  428),  when  its  posterior  root  (perhaps  in  connection 
with  some  fibres  from  the  anterior)  fonns'the  Gasserian  ganglion,  ui)on  the  tip  of  tiie  petrous 
part  of  the  temporal  bone  (fig.  429).  Fibres  from  the  sympathetic  proceed  from  the  pi  exus  caver- 
uosus  to  the  ganglion.    The  nerve  divides  into  three  large  branches. 

I.  The  ophthalmic  division  (fig.  429,  (/)  receives  sympathetic  fibres  (vaso-mutur 
ner-ves)  from  the  plexus  cavernosas ;  it  passes  through  the  superior  orbital  fissure 
[sphenoidal]  into  the  orbit.    Its  branches  are  :— 

1.  The  small  recurrent  nerve  which  gives  sensory  branches  to  the  tentorium 
cerebelli.  Fibres — the  vaso-motor  nerves  for  the  dura  mater— proceed  along  with 
it  from  the  carotid  plexus  of  the  sympathetic. 

2.  The  lachrymal  nerve  gives  otf— («)  Sensory  branches  to  the  conjunctiva,  the 
upper  eyelid,  and  the  neighbouring  part  of  the  skin  over  the  temple  (fig.  429,  a) ; 
{b)  true  sensory  fibres  to  the  lachrymal  gland  (1).  Stimulation  of  this  nerve  is  said 
to  cause  a  secretion  of  tears,  while  its  section  prevents  the  reflex  secretion  excited 
through  the  sensory  nerves  of  the  eye.  After  a  time,  section  of  the  nerve  is  followed 
by  a  paralytic  secretion  of  tears  (Herzenstei/t  and  Wolferz),  although  the  statement 
is  contested  by  Eeich.  The  secretion  of  tears  may  be  excited  reflexly,  by  strong 
stimulation  of  the  retina  by  light,  by  stimulation  of  the  first  and  second  branches 
of  the  trigeminus,  and  through  all  the  sensory  cranial  nerves  {Demtscheuko)  (^  356, 
A,  6). 

3.  The  frontal  (/)  gives  oft"  the  supratrochlear,  which  supplies  sensory  fibres  to 
the  upper  eyelids,  brow,  glabella,  and  those  which  excite  the  secretion  of  tears 
reflexly ;  and  by  its  supraorbital  branch  (6),  analogous  branches  to  the  upper 
eyelid,  skin  of  the  forehead,  and  the  adjoining  skin  over  the  temple  as  far  as  the 
vertex. 

4.  The  naso-ciliary  nerve  (nc),  by  its  infratrochlear  branch  supplies  fibres, 
similar  to  those  of  3,  to  the  conjunctiva,  caruucula,  and  saccus  lacrimalis,  the 
upper  eyelid,  brow,  and  root  of  the  nose.  Its  ethmoidal  branch  supplies  the  tij) 
and  ala;  of  the  nose,  outside  and  inside,  with  sensory  branches,  as  well  as  the  upper 
part  of  the  septum  and  the  turbinated  bones  with  sensory  fibres,  which  can  act  as 
afferent  nerves  in  the  reflex  secretion  of  tears  ;  while  it  is  probable  that  vaso-motor 
fibres  are  supplied  to  these  jmrts  through  the  same  channel.  (These  fibres  may  be 
derived  from  the  anastomosis  with  the  sympathetic  (1).)  The  naso-ciliary  nerve 
gives  off  the  long  root  (l)  of  the  ciliary  ganglion  (c),  and  1  to  3  long  ciliary  nerves. 

The  ciliary  ganglion  (fig.  429,  c),  which,  according  to  Schwalbe,  perhaps  belongs 
rather  to  the  third  than  the  fifth  nerve,  has  three  roots — (a)  the  short  or  oculomo- 
torius  (3 — see  §  345) ;  (b)  the  long  (/),  from  the  naso-ciliary ;  and  (c)  the  sympa- 
thetic (s)  sometimes  united  with  b,  from  the  carotid  plexus.  The  short  ciliary 
nerves  (t),  six  to  ten  in  number,  proceed  from  the  ganglion,  along  with  the  long 
ciliary  nerves,  to  near  the  entrance  of  the  optic  nerve,  where  they  perforate  the 
sclerotic  coat  and  run  forwards  between  it  and  the  choroid. 

Ciliary  Nerves. — Physiologically,  these  nerves  contain  : — 

1.  The  motor  fibres  for  the  sphincter  pupillaB  and  the  tensor  choroideae  from 
the  root  of  the  oculomotorius  (§  345,  2,  3). 

2.  Sensory  fibres  for  the  cornea,  which  are  distributed  as  excessively  fine  fibrils 
between  the  epithelium  of  the  conjunctiva  bulbi;  they  perforate  the  sclerotic. 
These  fibres  cause  a  reflex  secretion  of  tears  (N.  lacrimalis)  and  closure  of  the 
eyelids  (N.  facialis).  Sensory  fibres  are  supplied  to  the  iris  (pain  in  iritis  and  in 
operations  on  the  iris),  the  choroid  (painful  tension  when  the  ciliary  muscle  is 
strained),  and  the  sclerotic. 

3.  Vaso-motor  nerves  for  the  blood-vessels  of  the  iris,  choroid,  and  retina.  They 
arise  in  part  from  the  sympathetic  root,  and  the  anastomosis  of  the  sympathetic 
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Semi-diagrammatic  representation  of  the  nerves  of  the  eyeball,  the  connections  of  the  trigeminus  and 
its  ganglia,  together  with  the  facial  and  glosso-pharyngeal  nerves.  3,  Branch  to  the  inferior  oblique 
muscle  from  the  oculomotorius,  with  the  thick  short  root,  to  the  ciliary  ganglion  (c);  t,  ciliary 
nerves ;  I,  long  root  to  the  ganglion  from  the  naso-ciliary  {nc)  ;  s,  sympathetic  root  fi'om  the  sym- 
pathetic plexus  {Sy)  surrounding  the  internal  carotid  (G)  ;  d,  first  or  ophthalmic  division  of  the 
trigeminus  (5),  with  the  naso-ciliary  {nc),  and  the  terminal  branches  of  the  lachrymal  («),  supra- 
orVntal  {h),  and  frontal  (/)  ;  c,  second  or  superior  maxillary  division  of  the  trigeminus  ;  R,  infra- 
orbital ;  n,  spheno-palatine  (Meckel's)  ganglion  with  its  roots  ;  j,  from  the  facial,  and  v,  from  the 
sympathetic  ;  N,  the  nasal  branches,  and  2^Pi,  the  palatine  branches  of  the  ganglion  ;  cj,  third  or 
inferior  maxillary  division  of  the  trigeminus  ;  k,  lingual  ;  i  i,  chorda  tympani  ;  m,  otic  ganglion, 
with  the  roots  from  the  tympanic  plexus,  the  carotid  plexus,  and  from  the  3rd  branch,  and  with  its 
branches  to  the  auriculo-temporal  (A),  and  to  the  chorda  {i  i) ;  L,  sub-maxillary  ganglion  with  its 
roots  from  the  tympanico-lingual,  and  the  sympathetic  plexus  on  the  external  artery  {q),  7,  Facial 
nerve— 7,  its  great  superticial  petrosal  branch  ;  o,  gang,  geniculatum  ;  j3,  liranch  to  the  tympanic 
plexus  ;  7,  branch  to  the  stapedius  ;  5,  anastomatic  twig  to  the  auricular  branch  of  the  vagus  ;  i  i, 
chorda  tympani  ;  S,  stylo- mastoid  foramen.  9.  Glosso-pharyngeal — K,  its  tympanic  branch  ;  tt  and 
e,  connections  with  the  facial ;  U,  terminations  of  the  gustatory  fibres  of  9  in  the  circumvallate 
papillaj  ;  Sy,  sympathetic  with  G  g,  s,  the  superior  cervical  ganglion  ;  /,  //,  ///,  1 V,  the  four  upyter 
cervical  nerves  ;  P,  parotid,  ^1,  sub-maxillary  gland. 
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with  the  ophthalmic  division  of  the  trigeminus  {Wegner).  The  iris  and  retina 
receive  most  of  their  vaso-motor  nerves  from  the  trigeminus  itself  (Eo(/ow),  and  few 
from  the  sympathetic  ;  according  to  Klein  and  Svetlin,  the  retinal  vessels  are  not 
influenced  either  by  stimulation  or  division  of  the  sympathetic. 

4.  Motor  fibres  for  the  dilator  pupilloe,  which  for  the  most  part  are  derived  from 
the  sympathetic  {Petit,  1727),  through  the  sympathetic  root  of  the  ganglion,  and  the 
anastomosis  of  the  sympathetic  with  the  trigeminus  (Balogh,  Oehl).  Some  observers 
deny  altogether  the  existence  of  a  dilator  pupillaj  muscle  (§  384).  The  ophthalmic 
division  contains  independent  fibres  for  the  dilatation  of  the  pupil  (Schif),  which 
arise  in  the  medulla  oblongata  and  proceed  directly  into  the  ophthalmic  (I  or  arise 
from  the  Gasserian  ganglion — Oe/d). 

It  is  not  conchisively  tleteimined  whether  in  man  dilator  fibres  also  proceed  through  the 
sympathetic  root  of  the  ciliary  ganglion,  and  reach  the  iris  through  the  ciliary  nerves.  In  the 
dog  and  cat  these  libres  do  not  pass  through  the  ciliary  ganglion,  but  go  directly  along  the 
optic  nerve  to  the  eye  {Hcnscn  and  Volckcrs)  through  the" Gasserian  ganglion,  to  its  oiihthalmic 
branch  and  through  the  long  ciliary  nerves  (Jcgorow).  In  birds,  the  dilator  libres  run  only  in 
the  fifth  {Zeglinski).    For  the  centre  (§:367,  8). 

After  section  of  the  trigeminus,  the  pupil  becomes  contracted  after  a  short  period 
of  dilatation  (rabbit,  frog),  but  this  effect  is  not  permanent.  After  excision  of  the 
superior  cervical  ganglion  of  the  sympathetic,  the  power  of  dilatation  of  the  pupil 
is  not  completely  abolished.  The  narrowing  of  the  pupil  which  follows  section  of 
the  trigeminus  in  the  rabbit,  and  which  rarely  lasts  more  than  half  an  hour,  may 
be  regarded  as  due  to  a  reflex  stimulation  of  the  oculomotorius  fibres  of  the 
sphincter,  in  consequence  of  the  painful  stimulation  caused  by  section  of  the 
trigeminus. 

Stimulation  of  the  Sympathetic. —Either  iu  the  neck,  or  in  its  course  to  the  eye,  when  the 
peripheral  end  of  the  cervical  sympathetic  is  stimulated,  besides  the  effect  on  the  blood-vessels, 
there  is  dilatation  of  the  pupil,  as  well  as  contraction  of  the  smooth  muscular  fibres  in  the  orbit 
and  eyelids.  The  membrana  orbitalis,  which  separates  the  orbit  from  the  temporal  fossa  in 
animals,  contains  numerous  smooth  muscular  fibres  {muscular  orbitalis).  The  corresponding 
membrane  of  the  inferior  orbital  fissure  [spheno-maxillary  fissure]  in  man  has  a  layer  of  smooth 
muscle,  one  millimetre  thick,  and  arranged  for  the  most  part  longitudinally.  Both  eyelids 
contain  smooth  muscular  fibres  which  serve  to  close  them;  in  the  upper  lid  they  lie  as  if  they 
were  a  continuation  of  the  levator  palpebnii  superioris,  in  the  lower  lid  they  lie  close  under  the 
conjunctiva.  Tenon's  capstde  also  contains  smooth  muscular  fibres.  The  sympathetic  nerve 
supplies  all  these  muscles  {Heinr.  MvMer)— {the  orbital  muscle  is  partly  supplied  from  the 
spheno-palatine  ganglion);  in  animals,  the  retractor  of  the  third  eyelid  at  the  inner  angle  of  the 
eye  is  similarly  supplied.  Hence,  stinmlation  of  the  sympathetic  causes  dilatation  of  the  pupil 
and  of  the  pal^jcbral  fissure,  with  protrusion  of  the  eyeball.  This  result  may  be  caused  refiexly 
by  strong  stimulation  of  sensory  nerves.  Strong  stimulation  of  the  nerves  of  the  sexual  organs 
is  followed  by  similar  phenomena  in  the  eye.  The  dilatation  of  the  pupil,  which  occurs  in  chil- 
dren affected  Avith  intestinal  worms,  is  perhaps  an  analogous  phenomenon.  The  pupil  is  dilated 
when  the  si)inal  cord  is  stimulated  (at  the  origin  of  the  sympathetic),  as  in  tetanus. 

Section  of  the  sympathetic,  besides  other  effects,  causes  narrowing  of  the  fissure  between  the 
eyelids,  the  eyeball  sinks  in  its  socket  (and  in  animals,  the  third  eyelid  is  relaxed  and  pro- 
truded). In  dogs,  section  causes  interiuil  squint,  as  the  external  rectus  receives  some  motor 
fibres  from  the  sympathetic.  (Origin  of  these  fibres  from  the  cilio-spinal  region.  Sjnnal  Cord, 
§  362,  1.) 

5.  It  is  probable  that  trophic  fibres  occur  in  the  trigeminus,  and  pass  through 
the  ciliary  nerves  to  reach  the  eye.  If  the  trigeminus  be  divided  within  the 
cranium,  after  six  to  eight  days,  inflammation,  necrosis  of  the  cornea,  and  ulti- 
mately complete  destruction  of  the  eyeball  take  place,  constituting  panophthalmia 
{Fodera,  1823;  Magendie). 

Trophic  Fibres. — In  weighing  the  evidence  for  and  against  the  existence  of  trophic  fibres,  we 
must  bear  in  mind  the  following  considerations  :— 1.  Section  of  the  trigeminus  makes  the 
whole  eye  insensible  ;  the  animal  is  therefore  unconscious  of  direct  injury  to  its  eye,  and  can- 
not therefore  remove  any  offending  bodv.  Dust  or  mucus,  which  may  adhere  to  the  eye,  is  no 
lono-er  removed  by  the  reflex  closing  of 'the  eyelids  ;  while,  owing  to  the  absence  of  the  reflex, 
the°eye  is  more  open  and  is  therefore  subject  to  more  injuries  ;  the  reflex  secretion  of  tears  is 
also  arrested.    Snellen  (1857)  fixed  the  ear  of  a  rabbit  in  front  of  its  eye  so  as  to  protect  the 
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latter  and  shield  it  from  injuries,  and  he  found  that  the  inflammation  and  other  events  occurred 
at  a  later  date,  while,  according  to  Meissner  and  Blittner,  if  the  eye  be  protected  by  means  of  a 
complete  capsule,  the  inllammation  does  not  occur  at  all.  There  can  be  no  doubt  that  the  loss 
of  the  sensibility  of  the  eye  favours  the  occurrence  of  inflammation.  But  Meissner,  Blittner, 
and  Schiff  observed  that  inflammation  of  the  eye  occurred  when  the  trophic  (most  internal)  fibres 
alone  were  divided,  the  eye  at  the  same  time  retaining  its  sensibility  ;  this  would  seem  to 
indicate  the  existence  of  trojihic  fibres,  but  Cohnheim  and  Senftlelien  dispute  the  statement. 
Conversely,  the  sensibility  of  the  eye  may  be  abolished  by  partial  section  of  the  nerve,  yet  the 
eye  does  not  Ijecomc  inflamed  {Schiff').  'llanvier,  who  denies  the  existence  of  trophic  nerves, 
made  a  circular  inci.sion  round  the  margin  of  the  cornea  through  its  superficial  layers,  so  as  to 
divide  all  the  corneal  nerves.  Insensibility  of  the  cornea  was  thereby  produced,  but  never 
keratitis.  Further,  in  man  and  animals,  wdien  they  are  unable  to  close  their  eyelids,  there  is 
redness  with  secretion  of  tears,  or  slight  dryness  and  opacity  of  the  surface  of  the  eyeball 
(xerosis),  but  never  the  inflammation  already  described  {Samuel).  2.  We  must  also  take  into 
consideration  the  following  :— Section  of  the  trigeminus  paralyses  the  vaso-motor  nerves  in  the 
Interior  of  the  eyeball,  wliich  must  undoubtedly  cause  a  disturbance  in  the  intraocular  circula- 
tion. According  to  Jcsner  and  Griinhagen,  the  trigeminus  also  contains  vaso-dilator  fibres, 
whose  stimulation  is  followed  by  increased  flow  of  blood  to  the  eye,  with  consecutive  excretion 
of  the  fibrin-factors  and  increase  in  the  amount  of  alljumin  of  the  aqueous  humour.  3.  After 
section  of  tlie  nerve,  the  intraocular  tension  is  diminished  (while  stimulation  of  the  nerve  is 
followed  by  increase  of  the  intraocular  pressure)  {Hiiypcll,  Grunhagcn).  This  diminution  of  the 
normal  tension  necessarily  must  alter  the  normal  relation  of  the  filling  of  the  blood-  and  lymph- 
vessels,  and  also  the  movement  of  the  fluids,  upon  which  the  normal  nutrition  is  largely 
dependent.  4.  Kiihne  observed  that  stimulation  of  the  corneal  nerves  was  followed  by  con- 
traction of  the  so-called  corneal-corpuscles.  Perhaps  the  movements  of  these  corpuscles  may 
influence  the  normal  movement  of  the  lymph  in  the  canalicular  system  of  the  cornea  (§  384); 
these  movements,  however,  would  seem  to  depend  upon  the  nervous  system,  so  that  its  destruc- 
tion is  likely  to  produce  disturbance  of  nutrition. 

[There  are  three  conditions  on  which  the  changes  may  depend — (1)  mere  loss  of  sensibility, 
which  alone  is  not  sufficient  to  explain  the  phenomena  ;  (2)  vaso-motor  disturbance,  which  is 
excluded  by  the  above  facts,  and  also  by  the  other  consideration  that,  if  the  fifth  nerve  be 
divided  and  the  superior  cervical  ganglion  excised  simultaneously,  ophthalmia  does  not  occur, 
and,  in  fact,  excision  of  this  sympathetic  ganglion  may  modify  the  results  of  section  of  the 
fifth  {Sinitzin).  Thus,  we  are  forced  to  (3)  the  theory  of  trophic  fibres,  whose  centre  is  the 
Gasserian  ganglion.] 

Pathological. — In  cases  of  anesthesia  of  the  trigeminus  in  man,  and,  more  rarely,  in  severe 
in'itationof  this  nerve,  inflammation  of  the  conjunctiva,  ulceration  and  perforation  of  the  coi-nea, 
and  finally  panophthalmia,  have  been  observed  {Charles  Bell).  This  condition  has  been  called 
ophthalmia  neuroparalytica.  Samuel  found  that  a  similar  result  was  produced  by  electrical 
stimulation  of  the  Gasserian  ganglion  in  animals. 

There  are  other  affections  of  the  eye  depending  upon  disease  of  the  vaso-motor  nerves,  which 
are  quite  different  from  the  foregoing,  as  they  never  lead  to  degenerative  changes.  Such  is 
ophthalmia  intermittens  (due  to  malaria),  a  unilateral,  intermittent,  excessive  filling  of  the 
blood-vessels  of  the  eye,  accompanied  by  the  secretion  of  tears,  photoi)hobia,  often  accompanied 
by  iritis  and  efi'usion  of  pus  into  the  chambers  of  the  eye.  This  condition  is  regarded  as  a  vaso- 
neurotic  affection  of  the  ocular  blood-vessels  by  Eulenburg.  Pathological  observations,  as  well 
as  experiments  upon  animals,  have  shown  that  there  is  an  intimate  physiological  connection 
between  the  vascular  areas  of  both  eyes,  so  that  affections  of  the  vascular  area  of  one  eye  are 
apt  to  induce  similar  disturbances  of  the  opposite  eye.  This  serves  to  explain  the  fact  that 
inflammatory  processes  in  the  interior  of  one  eyeball  are  apt  to  produce  a  similar  condition  in 
the  other  eye.  This  is  the  so-called  "  sympathetic  ophthalmia. "  Thus,  stimulation  of  the 
ciliary  nerves,  or  the  fifth  on  one  side,  causes  dilatation  of  the  blood-vessels  not  only  on  its  own 
side  but  also  on  the  other  side  as  well  {Jesner  and  Griinliagcn).  The  pathological  condition  of 
glaucoma  simplex,  where  the  intraocular  tension  is  greatly  increased,  is  ascribed  by  Bonders  to 
irritation  of  the  trigeminus.  [Increased  intraocular  tension  may  be  produced  by  irritation  of 
the  secretory  fibres  contained  in  the  fifth  nerve  {Danders),  by  stimulating  the  nucleus  of  the 
trigeminus  in  the  medulla  oblongata  {Hippell  and  Grunhagcn),  and  also  reflexly  by  irritation  of 
the  peripheral  branches  of  the  fifth,  as  by  nicotiu  placed  in  the  eye.  It  is  possible  however 
that  some  forms  of  glaucoma  are  produced  \>\  diminished  removal  of  the  aqueous  humour  from  the 
eye.]  Unilateral  secretion  of  tears,  due  to  irritation  of  the  ophthalmic  division  of  the  fifth,  has 
been  repeatedly  observed,  but  unilateral  cessation  of  tears,  due  to  paralytic  conditions,  very  rarely. 

II.  Superior  Maxillary  Division  (fig.  429,  e). — It  gives  oS — 
1.  The  delicate  recurrent  nerve,  a  sensory  branch  to  the  dura  mater,  which 
accompanies  the  vaso-motor  nerves,  derived  from  the  superior  cervical  ganglion  of 
the  sympathetic,  and  is  distributed  to  the  area  of  the  middle  meningeal  artery. 


MECKEL'S  GANGLION  AND  ITS  CONNECTIONS. 


595 


2.  The  subcutaneous  malar  or  orbital  (o)  supplies  by  its  temporal  and  orbital 
branches  sensibility  to  the  lateral  angle  of  the  eye  and  the  adjoining  area  of  skin 
of  the  temple  and  cheek.  Certain  fibres  are  said  to  be  the  true  secretory  nerves  for 
tears.    Compare  N.  lacrimalis,  p.  591. 

3.  The  dental,  anterior,  posterior,  and  median,  and  with  them  the  anterior  fibres 
from  the  infraorbital  nerve,  supply  sensory  fibres  to  the  teeth  in  the  upper  jaw, 
the  gum,  periosteum,  and  the  cavities  of  the  jaw  (p.  592).  The  vaso-motor  nerves 
of  all  these  parts  are  supplied  from  the  upper  cervical  ganglion  of  the  sympathetic. 

4.  The  infraorbital  (R),  after  its  exit  from  the  infraorbital  foramen,  supplies 
sensory  nerves  to  the  lower  eyelid,  the  bridge  and  sides  of  the  nose,  and  the  upper 
lip  as  far  as  the  angle  of  the  mouth.  The  accompanying  artery  receives  its  vaso- 
motor fibres  from  the  superior  cervical  ganglion  of  the  sympathetic.  For  the 
sweat-secreting  fibres  which  occur  in  it  (pig)  see  §  288. 

The  spheno-palatine  ganglion  (Meckel's— ?i)  forms  connections  with  the  second 
division.  To  it  pass  two  short  sensory  root-fibres  from  the  second  division  itself, 
which  are  called  spheno-palatine.  Motor  fibres  enter  the  ganglion  from  behind, 
through  the  large  superficial  petrosal  branch  of  the  facial  (J) ;  and  grey  vaso- 
motor fibres  (v)  from  the  sympathetic  plexus  on  the  carotid  (the  deep  large  petrosal 
nerve).  The  motor  and  vaso-motor  fibres  from  the  Vidian  nerve,  which  reach  the 
ganglion  through  the  canal  of  the  same  name. 

Branches  of  the  Ganglion. — (1)  The  sensory  fibres  (N)  which  supply  the  roof, 
lateral  walls,  and  septum  of  the  nose  (posterior  and  superior  nasal) ;  the  terminal 
fibres  of  the  naso-jMlatine  pass  through  the  canalis  incisivus  to  the  hard  palate, 
behind  the  incisor  teeth.  The  sensory  inferior  and  posterior  nasals  for  the  lower 
and  middle  turbinated  bones,  and  both  lower  nasal  ducts,  are  derived  from  the 
anterior  palatine  branch  of  the  ganglion,  which  descends  in  the  palato-maxillary 
canal.  Lastly,  the  sensory  branches  for  the  hard  (p)  and  soft  palate  (p^),  and  the 
tonsils  arise  from  the  posterior  palatine  nerve.  All  the  sensory  fibres  of  the  nose 
(see  also  the  Ethmoidal  nerve),  when  stimulated,  cause  the  reflex  act  of  sneezing 
(§  120).  Preparatory  to  the  act  of  sneezing,  there  is  always  a  peculiar  feeling  of 
tickling  in  the  nose,  which  is  perhaps  due  to  dilatation  of  the  nasal  blood-vessels. 
This  dilatation  is  rapidly  caused  by  cold,  more  especially  when  it  is  applied  directly 
to  the  skin.  The  dilatation  of  the  vessels  is  followed  by  an  increased  secretion  of 
watery  fluid  from  the  nasal  mucous  membrane.  Stimulation  of  the  nasal  nerves 
also  causes  a  reflex  secretion  of  tears,  and  it  may  also  cause  stand-still  of  the 
respiratory  movements  in  the  expiratory  phase  {Hering  and  Kratschmer) — (compare 
Respiratory  centr-e,  §  368).  (2)  The  motor  branches  descend  in  the  posterior  palatine 
nerve  through  the  small  palatine  canal,  and  give  off  (A)  motor  branches  to  the 
elevator  of  the  soft  palate  and  azygos  uvulse  {Nuhn).  The  sensory  fibres  for  these 
muscles  are  supplied  by  the  trigeminus.  According  to  Politzer,  spasmodic  con- 
traction of  these  muscles  occasionally  causes  crackling  noises  in  the  ears.  (3)  The 
vaso-motor  nerves  of  this  entire  area  arise  from  the  sympathetic  root,  i.e.,  from  the 
upper  cervical  ganglion.  (4)  The  root  of  the  trigeminus  supplies  the  secretory 
nerves  of  the  mucous  glands  of  the  nasal  raucous  membrane.  Stimulation  excites 
secretion,  while  section  of  the  trigeminus  diminishes  it  with  simultaneous  atrophic 
degeneration  of  the  mucous  membrane.  Thus,  trophic  functions  for  the  mucosa 
have  been  ascribed  to  the  trigeminus  (Aschenhrandt). 

Stimulation  of  the  Ganglion. — Feeble  electrical  stimulation  of  the  exposed  ganglion  causes  a 
copious  secretion  of  mucus  and  an  increase  of  the  temperature  in  the  nose  {Prevost),  with  dila- 
tion of  the  vessels  {Aschcnbrandt),  [Meckel's  ganglion  has  been  excised  in  certain  cases  of 
neuralgia  { JFalsJuim).] 

III.  Inferior  Maxillary  (g).— It  contains  all  the  motor  fibres  of  the  fifth,  along 
with  a  number  of  sensory  fibres ;  it  gives  off  — 

1.  The  recurrent,  which  springs  by  itself  from  the  sensory  root,  enters  the  skull 


596 


INFERIOR  MAXILLARY  DIVISION. 


throuo-h  the  foramen  spinosum,  and,  along  with  the  nerve  of  the  same  name  from 
the  IL  division,  supplies  sensory  fibres  to  the  dura  mater.  Fibres  proceed  from  it 
through  the  petroso-squamosal  fissure  to  the  mucous  membrane  of  the  cells  of  the 
mastoid  process. 

2.  Motor  fibres  for  the  muscles  of  mastication,  viz.,  the  masseteric,  the  two  deep 
temporal  nerves,  and  the  internal  and  external  pterygoid  nerves.  The  sensory 
fibres  for  the  muscles  are  supplied  by  the  sensory  fibres. 

3.  The  buccinator  is  a  sensor?/  nerve  for  the  mucous  membrane  of  the  cheek, 
and  the  angle  of  the  mouth  as  far  as  the  lips. 

According  to  Jolyet  and  Laffont,  it  contains,  in  addition,  vaso-niotor  fibres  for  the  mucous 
membrane  of  the  cheek,  lower  lip,  and  their  raucous  glands  ;  but  these  fibres  are  probably 
derived  from  the  sympathetic 

Trophic  Fibres.  — As  this  region  of  the  mucous  membrane  of  the  moutli  ulcerates  after  section 
of  the  trigeminus,  some  have  supposed  that  the  buccinator  nerve  contains  trophic  fibres.  But, 
as  Rollett  pointed  out,  section  of  the  inferior  maxillary  nerve  paralyses  the  muscles  of  mastica- 
tion on  the  same  side,  and  hence  the  teeth  do  not  act  vertically  upon  each  other,  but  press 
against  the  cheek.  Owing  to  the  loss  of  the  sensibility  of  the  mouth,  food  passes  between  the 
gum  and  the  cheek,  where  it  may  remain  attached,  undergo  decomposition,  and  perhaps 
chemically  irritate  the  mucous  membrane.  At  a  later  stage,  owing  to  the  wearing  away  of  the 
teeth  in  an  oblique  manner,  ulcers  begin  to  form  on  the  sound  side.  Hence,  there  is  no  necessitj' 
for  assuming  the  existence  of  trophic  fibres  in  this  nerve.  After  section  of  the  trigeminus,  the 
nasal  mucous  membrane  on  the  same  side  becomes  red  and  congested.  This  is  due  to  the  fact 
that  dust  or  mucus,  not  being  removed  from  the  nose  by  the  usual  reflex  acts,  remains  there, 
irritates,  and  ultimately  causes  inflammation. 

4.  The  lingual  (k)  receives  at  an  acute  angle  the  chorda  tympani  (i  i),  a  branch 
of  the  facial  coming  from  the  tympanic  cavity.  The  lingual  does  not  contain  any 
motor  fibres  ;  it  is  the  sensory  and  tactile  nerve  of  the  anterior  tvi'o-thirds  of  the 
tongue,  of  the  anterior  palatine  arch,  the  tonsil,  and  the  floor  of  the  mouth.  These, 
as  well  as  all  the  other  sensory  fibres  of  the  mouth,  when  stimulated,  cause  a  reflex 
secretion  of  saliva '(compare  §  145).  The  lingual  is  accompanied  by  the  nerve  of 
taste  (chorda)  for  the  tip  and  margins  of  the  tongue  (i.e.,  the  parts  not  supplied  by 
the  glosso-pharyngeal).  After  section  of  the  lingual  nerve  in  man,  Busch,  Inzani, 
and  Lusanna  found  that  the  tactile  sensibility  was  lost  in  the  half  of  the  tongue, 
and  there  was  loss  of  taste  in  the  anterior  part  [two-thirds]  of  the  tongue.  The 
fibres  which  administer  to  the  sense  of  taste  do  not  as  a  rule  belong  to  the  lingual 
itself,  but  are  derived  from  the  chorda  timpani  (p.  600).  According  to  Schiff,  the 
lingual  nerve  is  the  gustatory  nerve,  and  some  cases  of  Erb  and  Senator  support 
this  view.  Such  cases,  however,  seem  to  be  exceptions  to  the  general  rule.  The 
lingual  nerve  in  the  substance  of  the  tongue  is  provided  with  small  ganglia 
{Remak,  Stirling).  Schiff  observed  that  section  of  the  lingual  (and  also  of  Ihe 
hypoglossal)  caused  redness  of  the  tongue,  so  that  vaso-motor  fibres  are  present  in 
its  course.  It  is  unknown  whether  these  are  derived  from  the  anastomoses  of  the 
Gasserian  ganglion  with  the  sympathetic.  The  lingual  appears  to  receive  vaso- 
dilator fibres  from  the  chorda  for  the  tongue  and  gum  (§  349). 

After  section  of  the  trigeminus,  animals  frequently  bite  their  tongue,  as  they  cannot  feel  the 
position  and  movements  of  this  organ  in  the  mouth. 

5.  The  inferior  dental  is  the  sensory  branch  to  the  teeth  and  gum ;  the  vaso- 
motor fibres  reach  it  from  the  superior  cervical  ganglion.  Before  it  passes  into  the 
canal  in  the  lower  jaw,  it  gives  off  the  mylo-hyoid  nerve,  which  supplies  motor 
fibres  to  the  mylo-hyoid  and  the  anterior  belly  of  the  digastric,  and  also  some  fibres 
to  the  triangularis  menti  and  the  platysma  ;  the  muscular  sensory  nerves  also  lie 
in  these  branches.  The  mental  nerve,  which  issues  from  the  mental  foramen,  is  the 
sensory  nerve  for  the  chin,  lower  lip,  and  the  skin  at  the  margin  of  the  jaw.  ' 

6.  The  auriculo-temporal  gives  sensory  branches  to  the  anterior  wall  of  the 
external  auditory  meatus,  the  tympanic  membrane,  the  anterior  part  of  the  ear 
the  adjoining  region  of  the  temple,  and  to  the  maxillary  articulation. 
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Fig.  430  shows  the  distribution  of  the  branches  of  the  trigeminus  on  the  head,  and  the 
made  out"^^"^^^'  tlistribution  of  anesthetic  and  hypera-sthetic  areas  may  easily  be 

The  Otic  ganglion  (m)  lies  beneatli  tlie  foramen  ovale  on  the  inner  side  of  the 
third  division.  Its  roots  are— (1)  short  motor  fibres  from  the  third  division;  (2) 
vaso-motor  from  the  plexus  around  the  middle  meningeal  artery  (ultimately 
derived  from  the  cervical  ganglion  of  the  sympathetic);  (3)  fibres  (X)  run  from  the 
tympanic  branch  of  the  glosso-pharyngeal  to  the  tympanic  plexus,  and  from  thence 
through  the  canaliculus  petrosus  in  the  small  superficial  petrosal  in  the  cranium, 
then  through  a  small  canal  between  the  apex  of  the  petrous  bone  and  the  sphenoid, 


Husc.  temponiUs. 


Muse,  masseter 

N.  hypoglossnn. 

Flatysma  myoide  , 
JIusc.  sternohyoideus. 

Uusc  sternothyreoideui. 

Hose,  omobyoldeus. 
No.  thoracici  anteriores. 


Itasc.  spleiilas. 

Muse,  steriiocleidomastoidetig. 

accessorias. 
MuBc.  levator  anguli  scapulae. 

Muse,  cucvill.iris  or  trapezius. 
N.  dorsalis  scapulae. 


N.  axillaris. 

N.  thorjicicu  Ic-iijiik. 


».  phienlcuB.  ErWi  ,  ^  J'lex"" 

Supraclaricular-  bracliialis. 
point. 

Fig.  430. 

Distribution  of  the  sensory  nerves  on  the  head  as  well  as  the  position  of  the  motor  points  on 
the  neck.  SO,  area  of  distribution  of  the  supraorbital  nerve;  ST,  supratrochlear;  IT, 
infratrochlear ;  L,  lachrymal ;  N,  ethmoidal  ;  10,  infraorbital  ;  B,  buccinator ;  SM, 
subcutaneus  mahe  ;  A  T,  auriculo-temporal ;  AM,  great  auricular  ;  OMj,  great  occipital ; 
OMi,  lesser  occipital  ;  C^,  three  cervical  nerves  ;  CS,  cutaneous  branches  of  the  cervical 
nerves  ;  C  JV,  I'egion  of  the  central  convolutions  of  the  brain  ;  SO,  region  of  the  speech- 
centre  (third  left  frontal  convolution). 

to  reach  the  otic  ganglion.  Through  the  chorda  tympani  the  facial  nerve  is  con- 
stantly connected  with  the  ganglion  (fig.  430). 

The  branches  of  the  otic  ganglion  are — (1)  motor  twigs  for  the  tensor  tympani 
and  tensor  of  the  soft  palate  (these  fibres  are  mixed  with  muscular  sensory  fibres — 
Jjudwig  and  Politzer) ;  (2)  one  or  more  branches  connecting  the  ganglion  with  the 
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auriculo-teraporal  are  carried  by  the  roots  2  and  3  from  the  sympathetic  and  glosso- 
pharyngeal, which  the  auriculo-temporal  nerve  (A),  as  it  passes  through  the  parotid 
gland  (P),  gives  off  to  the  gland.  These  are  the  secretory  fibres  for  the  parotid ; 
their  functions  are  stated  in  §  145. 

Section  of  the  trigeminus  is  followed  Ly  inflammatory  changes  in  the  tympanic  cavity 
(labbit)  ;  the  degree  of  inflammation  varies  much  {BcrtJwld  and  Griinhacjcn).  Section  of  the 
sympathetic  or  glosso-i>haryugeal  has  no  effect. 

The  sub-maxillary  ganglion  (fig.  429,  L)  lies  close  to  the  convex  arch  of 
the  tympanico-lingual  nerve  and  the  excretory  duct  of  the  sub-maxillary  gland 
(M).  Its  roots  are— (1)  branches  of  the  chorda  tympani,  ii,  which  undergo 
fatty  degeneration  after  section  of  facial  nerve.  This  root  supplies  secretory 
fibres  to  the  sub-maxillary  and  sub-lingual  glands,  but  it  also  supplies  vaso-dilator 
fibres  for  the  blood-vessels  of  the  same  glands  (§  145).  In  addition,  fibres  are 
supplied  to  the  smooth  muscular  fibres  in  Wharton's  duct.  All  the  fibres  of  the 
chorda  do  not  pass  into  the  gland  ;  some  pass  along  with  the  lingual  nerve  into 
the  tongue  (see  Chorda,  under  Facial  Nerve).  (2)  The  sympathetic  root  of  the 
ganglion  arises  from  the  plexus  around  the  submental  branch  of  the  external 
maxillary  artery  {q),  i.e.,  ultimately  from  the  superior  cervical  ganglion ;  it  passes 
to  the  gland,  and  contains  secretory  fibres,  whose  stimulation  is  followed  by  the 
secretion  of  thick  concentrated  saliva  (trophic  nerve  of  the  gland).  It  also  carries 
the  vaso-constrictor  nerves  to  the  gland  (p.  212).  (3)  The  sensory  root  springs 
from  the  lingual.  Some  of  the  fibres,  after  passing  through  the  ganglion,  supply 
the  gland  and  its  excretory  ducts,  while  a  few  issue  from  the  ganglion,  and  again 
join  the  tympanico-lingual  nerve  to  reach  the  tongue. 

Pathological. — Trismus,  or  spasm  of  the  muscles  of  mastication,  supplied  by  the  third  division, 
is  usually  bilateral ;  it  may  be  clonic  in  its  nature  (chattering  of  the  teeth),  or  tonic,  when  it 
constitutes  the  condition  of  lock-jaw  or  trismus.  The  spasms  are  usually  individual  symptoms 
of  more  extensive  convulsions  ;  more  rarely  when  they  occur  alone,  they  are  symptomatic  of 
disease  of  the  cerebrum,  medulla,  pons,  and  cortex  of  the  motor  convolutions  {Eidcnhurg).  The 
spasms  may  be  caused  reflexly,  e.g.,  by  stimulation  of  the  sensory  nerves  of  the  head. 

Paralysis. — Degeneration  of  the  motor  nuclei,  or  an  aff'ection  of  the  intracranial  root  of  the 
nerve,  causes  paralysis  of  the  muscles  of  mastication,  which  is  very  rarely  bilateral.  Paralysis 
of  the  tensor  tympani  is  said  to  cause  difliculty  of  hearing  {Romhcrg),  or  buzzing  in  the  ears 
{Benedict).  AVe  require  further  oliservations  upon  this  point,  as  well  as  upon  paralysis  of  the 
tensor  of  the  soft  palate. 

Neuralgia  may  occur  in  all  the  branches  of  the  fifth.  It  consists  of  severe  attacks  of  pain 
shooting  into  the  expansions  of  the  nerves.  It  is  usually  unilateral,  and  in  fact  is  often 
confined  to  one  branch,  or  even  to  a  few  twigs  of  one  branch.  The  point  from  which  the  pain 
proceeds  is  frequently  the  bony  canal  through  which  the  branch  issues.  The  ear,  dura  mater, 
and  tongue  are  rarely  attacked.  The  attack  is  not  unfrequentlj'  accompanied  by  contractions 
or  twitchings  of  the  corresponding  group  of  the  facial  muscles.  The  twitchings  are  either  reflex, 
or  are  due  to  direct  peripheral  irritation  of  the  fibres  of  the  facial  nerve,  which  arc  mixed  with 
the  terminal  branches  of  the  trigeminus.  The  reflex  twitchings  may  be  extensively  distributed, 
involving  even  the  muscles  of  the  arm  and  trunk. 

Redness  or  congestion  of  the  afl'ected  part  of  tlie  face  is  not  an  unfrequent  symptom  in 
neuralgia,  and  it  may  be  accompanied  by  increased  or  diminished  secretion  from  the  nasal  and 
buccal  mucous  membranes.  This  is  a  reflex  phenomenon,  the  sympathetic  being  afl'ected. 
Reflex  stimulation  of  the  vaso-motor  nerves  frequently  gives  rise  to  disturbance  of  the  cerebral 
activities,  owing  to  changes  in  the  distribution  of  the  blood  in  the  head.  Ludwig  and  Dittniar 
found  that  stimulation  of  sensory  nerves  caused  a  reflex  contraction  of  the  arterial  blood-vessels, 
and  iacrease  of  the  blood-pressure  in  the  cerebral  vessels.  Sometimes  there  is  melancholy  or 
hypochondriasis,  and  in  one  case  of  violent  pain  in  the  inferior  maxillary  nerve,  the  attack  was 
accompanied  by  hallucinations  of  vision. 

The  trophic  disturbances  which  sometimes  accompany  affections  of  the  trigeminus  are  parti- 
cularly interesting.  They  are  :  a  lirittle  character  of  the  hair,  which  frequently  becomes  grey, 
or  may  fall  out ;  circumscribed  areas  of  inflanmiation  of  the  skin,  and  the  appearance  of  a 
vesicular  eruption  upon  the  face  [often  following  the  distribution  of  certain  nerves],  and  con- 
stituting herpes,  which  may  also  occur  on  the  cornea,  constituting  the  neuralgic  herpes  comese 
of  Schmidt-Eimpler.  Lastly,  there  is  the  progressive  atrophy  of  the  face  which  is  usually  con- 
fined to  one  side,  but  may  occur  on  lioth  sides  {E^denburg).  It  is  caused  very  probably  by  a 
trophic  affection  of  the  trigeminus,  although  the  vaso-motor  nerves  may  also  be  afl'ected  reflexlj% 


NERVUS  ABDUCENS. 


599 


Landois  found  that  in  the  famous  case  of  Romberg,  a  man  named  Schwahn,  the  sphygmo- 
graphic  tracing  of  the  carotid  pulse  of  the  atrophied  side  was  distinctly  smaller  than  ou  the 
sound  side. 

Urbantschitscli  made  the  remarkable  observation  that  stimulation  of  tlie  l)ranches  of  tbe 
trigeminus,  especially  those  going  to  the  ear,  causetl  an  increase  of  the  sensation  of  light  in  the 
person  so  stimulated.  Blowing  upon  the  cheeks  or  nasal  mucous  membrane,  electrical  stimula- 
tion, the  use  of  snuiT,  smelling  strong  perfumes — all  temporarily  increase  the  sensation  of  light. 
The  senses  of  taste  and  smell,  as  wuU  as  the  sensil)ility  of  certain  areas  of  the  skin,  can  all  be 
exalted  reflcxhj  by  gentle  stimulation  of  tlie  trigeminus.  In  intense  affections  of  the  ear,  whereby 
the  fibres  of  the  trigeminus  are  often  affected  sympathetically,  these  sensory  functions  may  be 
diminished.  As  the  ear-malady  begins  to  improve,  the  excitability  of  these  sense  organs  also 
again  begins  to  improve. 

[Complete  section  of  the  trigeminus  results  in  loss  of  sensibility  in  all  the  parts 

supplied  by  it  (fig.  430),  including  one  side  of  the  face,  temple,  part  of  the  ear,  the 

fore  part  of  the  head,  conjunctiva,  cornea,  mouth,  gums,  Schneiderian  mucous 

membrane,  anterior  two-thirds  of  the  tongue,  and  part  of  pharynx.    In  drinking 

from  a  vessel,  the  patient  feels  as  if  one  side  of  it  were  cut  away.    The  muscles  of 

mastication  are  paralysed  on  that  side,  food  is  not  chewed  on  one  side,  and  fur 

accumulates  on  the  tongue  on  that  side.    The  mucous  membranes  tend  to  ulcerate, 

that  of  the  mouth  being  chafed  by  the  teeth,  the  gums  get  spongy,  the  nasal 

mucous  membrane  tends  to  ulcerate,  so  that  smelling  is  interfered  with,  and 

ammonia  excites  no  reflex  acts,  while  the  eye  undergoes  panophthalmia.] 

[Gowers  is  of  opinion  that  the  sensation  of  taste  on  the  posterior  part  of  the  tongue,  soft 
palate,  and  palatine  arch  depends  on  the  fifth  nerve  and  not  on  the  glosso-pharyngeal  nerve.] 

348.  VI.  NEEVUS  ABDUCENS.— Anatomical.— It  arises  slightly  in  front  of  and  partly 
from  the  nucleus  of  the  facial  nerve  (which  corresponils  to  the  anterior  horn  of  the  spinal  cord), 
from  large-celled  ganglia  in  the  deeper  i)art  of  the  anterior  region  of  the  fourth  ventricle, 
(emenentia  teres,  tig.  427).  [Its  nucleus  is  connected  with  the  nucleus  of  the  third  nerve  of 
the  opposite  side.  It  appears  at  the  posterior  margin  of  the  pons  (fig.  428,  VI.).  This  nerve 
has  a  very  long  course  before  it  enters  the  orbit,  and  as  it  bends  over  the  posterior  margin  of 
the  pons,  it  is  liable  to  be  compressed  there  or  from  pressure  upon  the  tentorium  cerebelli,  so 
that  botli  nerves  are  very  liable  to  paralysis.] 

Function. — It  is  the  voluntary  nerve  of  the  external  rectus  muscle.  In  co- 
ordinated movements  of  the  eyeballs,  however,  it  is  involuntary. 

Anastomoses. — Branches  reach  it  from  the  sympathetic  upon  the  cavernous  sinus  (fig.  429). 
A  few  come  from  the  trigeminus,  and  their  function  is  analogous  to  similar  fibres  supplied  to 
the  trochlearis  and  oculomotorius. 

Pathological. — Complete  paralysis  causes  squinting  inwards  [or  convergent  squint,]  and  con- 
sequent diplopia.  [The  eye  cannot  be  rotated  outwards  beyond  the  middle  line,  the  double 
images  are  in  the  same  horizontal  plane  and  vertical,  tlie  false  one  is  to  the  left  of  the  patient's 
eye  when  the  left  eye  is  affected  (tig.  426,  2).  The  feeling  of  giddiness  is  often  severe.  There 
is  secondary  deviation  to  the  inner  side,  and  the  head  is  turned  towards  the  affected  side.]  In 
doo-s,  section  of  the  cervical  sympathetic  causes  a  slight  deviation  of  tlie  ejeball  inwards  (Petit). 
This  is  explained  by  tlie  fact  that  the  abducens  receives  a  few  motor  fibres  from  the  cervical 
sympathetic.    Spasra  of  the  abducens  causes  external  squint. 

Squint. — In  addition  to  paralysis  or  stimulation  of  certain  nerves  producing  squint,  it  is  to 
be  remembered  that  it  may  also  be  caused  by  a  primary  affection  of  the  muscles  themselves, 
e.g.,  congenital  shortness,  contracture,  or  injuries  of  these  muscles.  It  may  also  be  brought 
about  owing  to  opacities  of  the  transparent  media  of  the  eye  ;  a  person  witli,  say  an  opacity 
of  the  cornea,  rotates  the  affected  eye  involuntarily,  so  that  the  rays  of  light  may  enter  the  ey(( 
through  a  clear  part  of  the  media. 

349.  VII.  NERVUS  FACIALIS. — Anatomical. — This  nerve  consists  entirely  of  efferent  fibres, 
and  arises  from  the  floor  of  the  fourth  ventricle  from  the  "facial  nucleus"  (fig.  427,  7),  whicli 
lies  behind  the  origin  of  the  aliduceus,  and  also  liy  some  fil)res  from  tlie  nucleus  of  the  al)ducens 
[although  Gowers'  observations  do  not  confirm  this  (§  366)].  Otlier  filires  arise  from  the 
cerebrum  of  the  opposite  side  (§  378,  I.),  It  consists  of  two  roots,  the  smaller— portio  inter- 
media of  Wrislierg— forms  a  connection  with  the  auditory  nerve  (see  §  350).  Tlie  original 
fibres  of  the  portio'interniedia  are  developed  from  the  glosso-pharyngeal  nucleus  {Sapolini).  It 
would  thus  appear  that  the  sensory  and  gustatory  fibres  which  are  present  in  the  chorda  tympani 
enter  it  through  these  fibres  {Duval,  SchuUze,  Vulpian),  so  that  the  portio  intermedia  is  a  special 
part  of  the  nerve  of  taste,  which  becomes  conjoined  with  the  facial,  and  runs  to  the  tongue  in 
the  chorda.    Along  with  the  auditory  nerve,  it  traverses  the  porus  acusticus  internus,  where  it 


6oo 


THE  CHORDA  TYMPANI  AND  TASTE. 


passes  into  the  facial  or  Fallopian  canal.  At  first  it  has  a  transverse  direction  as  far  as  the 
hiatus  of  this  canal  ;  it  tlien  bends  at  an  acute  angle  at  the  "knee"  («)  above  the  tympanic 
cavity,  to  descend  in  an  osseous  canal  in  the  posterior  wall  of  this  space  (lig.  429).  It  emerges 
from  "the  stylo-mastoid  foramen,  pierces  the  parotid  gland,  and  is  distributed  in  a  fan-shaped 
manner  (pes  anserinus  major).  [Tlie  superficial  origin  is  at  the  lower  margin  of  the  pons,  in 
the  depression  between  the  olivary  body  and  the  restiform  body,  as  indicated  in  fig.  428, 
VII  a.  j 

Its  branches  are:— 1.  The  motor  large  superficial  petrosal  0).  It  arises 
from  the  "knee"  or  geniculate  ganglion  within  the  Fallopian  canal,  in  the  cavity 
of  the  skull,  runs  upon  the  anterior  surface  of  the  temporal  bone,  traverses  the 
foramen  lacerum  medium  on  the  under  surface  of  the  base  of  the  skull,  and  passes 
through  the  Vidian  canal  to  reach  the  spheno-palatine  ganglion  (p.  595).  It  is 
uncertain  whether  this  nerve  conveys  sensory  branches  from  the  second  division  of 
the  trigeminus  to  the  facial. 

2.  Connecting  branches  pass  from  the  geniculate  ganglion  to  the  otic  ganglion. 
For  their  course  and  function,  see  Otic  ganglion  (p.  597). 

3.  The  motor  branch  to  the  stapedius  muscle  (y). 

4.  The  chorda  tympani  {i  i)  arises  from  the  facial  before  it  emerges  at  the 
stylomastoid  foramen  (s),  runs  through  the  tympanic  cavity  (above  the  tendon  of 
the  tensor  tympani,  between  the  handle  of  the  malleus  and  the  long  process  of 
the  incus),  passes  out  of  the  skull  through  the  petro-tympanic  hssure,  and  then 
joins  the  lingual  nerve  at  an  acute  angle  (p.  596,  4).  Before  it  unites  with  this 
nerve,  it  exchanges  fibres  with  the  otic  ganglion  (m).  Thus,  sensory  fibres  can 
enter  the  chorda  from  the  third  division  of  the  trigeminus,  which  may  run 
centripetally  to  the  facial  to  be  distributed  along  with  it.  In  the  same  way,  sensory 
fibres  may  pass  from  the  lingual  nerve  through  the  chorda  into  the  facial  {Longet), 
Stimulation  of  the  chorda — which  even  in  man  may  be  done  in  cases  where  the 
tympanic  membrane  is  destroyed — causes  a  prickling  feeling  in  the  anterior  margins 
and  tip  of  the  tongue  (Trdltsch).  O.  Wolfe  found  that  the  section  of  the  chorda  in 
man  abolished  the  sensibility  for  tactile  and  thermal  stimuli  upon  the  tip  of  the 
tongue  ;  and  the  same  was  true  of  the  sense  of  taste  in  this  region.  It  is  supposed 
by  Calori,  that  these  fibres  enter  the  facial  nerve  at  its  periphery  (especially  through 
the  auriculo-temporal  into  the  branches  of  the  facial),  that  they  run  in  a  centripetal 
direction  in  the  facial,  and  afterwards  pursue  a  centrifugal  course  in  the  chorda. 
[It  is  possible  that  sensory  fibres  pass  from  the  spheno-palatine  ganglion  of  the 
fifth  through  the  Vidian  nerve  and  large  superficial  petrosal  to  enter  the  facial. 
These  fibres  may  be  those  that  appear  in  the  seventh  as  the  chorda  fibres  which 
administer  to  taste.  Bigelow  asserts  that  the  chorda  tympani  is  not  a  branch  of  the 
facial,  but  the  continuation  of  the  nervus  intermedins  of  Wrisberg.]  The  chorda 
also  contains  secretory  and  vaso-dilator  fibres  for  the  sub-maxillary  and  sub-lingual 
glands  (§  145). 

Gustatory  Fibres. — The  chorda  also  contains  fibres  administering  to  the  sense  of 
taste,  for  the  margin  and  tip  of  the  tongue  (anterior  two-thirds),  which  are  conveyed 
to  the  tongue  along  the  course  of  the  lingual.  Urbantschitsch  made  observations 
upon  a  man  whose  chorda  was  freely  exposed,  and  in  whom  its  stimulation  in  the 
tympanic  cavity  caused  a  sensation  of  taste  (and  also  of  touch)  in  the  margins  and 
tip  of  the  tongue. 

It  would  seem,  therefore,  that  the  gustatory  fibres  of  the  chorda  have  their 
origin  in  the  glosso-pharyngeal  nerve.  They  may  reach  the  chorda  :—  1 .  Through 
the  portio  intermedia  of  Wrisberg,  as  already  mentioned.  ^ 

2.  There  is  a  channel  beyond  the  stylomastoid  foramen,  viz.,  through  the  ramus  comnumicans 
cum  glosso-idiaryngeo  (fig.  429),  which  passes  from  the  last  mentioned  nerve  in  that  branch  of 
the  facial  which  contains  the  motor  fibres  for  the  stylohyoid  and  posterior  belly  of  the  dio-astric 
muscle  (Henle's  jST.  styloideus).  This  nerve  also  supplies  muscular  sensibility  "to  the  stylohyoid 
and  posterior  belly  of  the  digastric  muscles.  It  is  also  assumed  that,  by  means  of  these  anasto- 
moses, motor  fibres  are  sui.plied  by  the  facial  to  the  glosso-pliaryngeal  nerve.    3.  A  union  of  the 
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glosso-pharyngeal  and  facial  nerves  occurs  in  the  tympanic  cavity.  The  tympanic  branch  of 
the  glosso-pharyngeal  (A)  passes  into  this  cavity,  where  it  unites  in  the  tympanic  plexus  with 
the  small  superficial  petrosal  nerve  (3),  which  springs  from  the  knee  on  the  facial.  The 
gustatory  fibres  may  first  pass  into  the  otic  ganglion,  which  is  always  connected  with  the 
chorda  (Otic  ganglion,  p.  597,  3).  Lastly,  a  connection  is  described  through  a  twig  (ir)  from  the 
petrous  ganglion  of  the  glosso-pharyngeal,  direct  to  the  facial  trunk  within  the  Fallopian  canal 
{Garibaldi). 

According  to  some  observers,  the  chorda  contains  vaso-dilator  fibres  for  the 

anterior  two-thirds  of  the  tongue  (Vtdpicm). 

Pseudo-motor  Action. — From  one  to  three  weeks  after  the  section  of  the  hypoglossal  nerve, 
stimulation  of  the  chorda  causes  movements  in  the  tongue  {Philijjpeaux  and  Vuljnan).  These 
movements  are  not  so  energetic  as,  and  occur  more  slowly  than,  those  caused  by  stimulation  of 
the  hypoglossal.  Nicotin  first  excites,  then  paralyses,  the  motor  etfect  of  the  chorda.  Even  after 
cessation  of  the  circulation,  stimulation  of  the  chorda  causes  movements,   Heidenhain  supposes 


Upper  branches  of  the  Facial. 
Trunk  of  the  Facial. 

Mm.  retrahens  et  attolens  auricul. 

Muse,  occipitalis. 
Middle  branches  of  the  Facial. 

M.  styloliyoideus. 
M.  difcastricus. 


Lower  branches  of  the  Facial. 


M.  frontalis. 

M.  coiTugator  supercilii. 
M.  orbicular  palpebr. 


M.  compressor  nasi  et  pyram  nasi 
M.  levator  lab.  sup.  alaque  nasi. 
M.  levator  lab.  sup.  propr. 
M.  zygomatic  minor. 
M.  dilatat.  nariuni. 
M.  zygomatic,  major. 


M.  orbicularis  oris. 


M.  levator  menti. 
M.  quadratus  menti. 
M.  triangularis  menti. 


Fig.  431. 

Motor  points  of  the  facial  nerve  and  the  facial  muscles  supplied  by  it. 

that,  owing  to  the  stimulation  of  the  chorda,  there  is  an  increased  secretion  of  lymph  within 
the  musculature,  which  acts  as  the  cause  of  the  muscular  contraction.    He  called  this  action 

'^pseudo-motor."  .  ,     -i     1   r  xv  v 

[If,  after  the  union  of  the  central  end  of  the  lingualis  and  the  peripheral  end  ot  the  Jiypo- 
crlossal  nerve,  the  lingualis  be  stimulated,  there  is  a  genuine  contraction  of  the  musculature  of 
the  tongue,  on  that  side.  A  pseudo-motor  contraction  is  easily  distinguished  from  a  true 
contraction,  for  when  a  telephone  is  connected  with  the  tongue,  on  stimulating  the  hypoglos.sal 
the  tone  of  the  tetanus  thereby  produced  is  heard,  but  on  stimulating  the  lingual,  although 
the  pseudo-motor  contractions  occur,  no  sound  is  heard  (Bogowicz).] 

5  Connection  with  Vagus.— Before  the  chorda  is  given  oH",  the  trunk  of  the  facial  comes 
into  direct  relation  with  the  auricular  branch  of  the  vagus  (S),  which  crosses  it  in  the  mastoid 
canal,  and  supplies  it  with  sensory  nerves  (see  Vagus). 

6.  Peripheral  Branches.— After  the  facial  issues  from  its  canal,  it  supplies 


602 


UNILATERAL  AND  DOUBLE  PARALYSIS  OF  THE  FACIAL. 


motor  fibres  to  the  stylohyoid  and  posterior  belly  of  the  digastric,  occipitalis,  all  the 
muscles  of  the  external  car,  the  muscles  of  expression,  buccinator  and  platysma. 
The  facial  also  contains  secretory  fibres  for  the  face  (compare  §  288). 

Althoufjh  most  of  the  branches  of  the  facial  are  under  the  intlnence  of  the  will,  yet  most  men 
cannot  voluntarily  move  the  muscles  of  the  nose  and  ear. 

Anastomoses. — The  branches  of  the  seventh  nerve  on  the  face  anastomose  with 
those  of  the  trigeminus,  whereby  sensory  fibres  are  conveyed  to  the  muscles  of 
expression.  The  sensory  branches  of  the  auricular  branch  of  the  vagus,  and  the 
great  auricular,  enter  the  peripheral  ends  of  the  facial,  and  supply  sensibility  to  the 
muscles  of  the  ear ;  while  the  sensory  fibres  of  the  third  cervical  nerve  similarly 
supply  the  platysma  with  sensibility.  Section  of  the  facial  at  the  stylomastoid 
foramen  is  painful,  but  it  is  still  more  so  if  the  peripheral  branches  on  the  face  are 
divided  {Recurrent  setisibility,  §  355). 

Pathological. — In  all  cases  of  paralysis  of  the  facial,  the  most  important  point  to  determine 
is  whether  the  seat  of  the  affection  is  in  the  periphery,  in  tlie  region  of  the  stylomastoid 
foramen,  or  in  the  course  of  the  long  Fallopian  canal,  or  is  central  (cerebral)  in  its  origin.  This 
point  must  be  determined  by  an  analysis  of  the  symptoms.  Paralysis  at  the  stylomastoid 
foramen  is  very  frequently  rheumatic,  and  probably  depends  upon  an  exudation  compressing 
the  nerve  ;  the  exudation  probably  occupying  the  lymph-space  described  by  Riidinger  on  the 
inner  side  of  the  Fallopian  canal,  between  the  periosteum  and  the  nerve,  and  which  is  a 
continuation  of  the  arachnoid  space.  Other  causes  are — inflammation  of  the  ])arotid  gland, 
direct  injury,  and  pressure  from  the  forceps  during  delivery.  In  the  course  of  the  canal,  the 
causes  are — fracture  of  the  temporal  bone,  effusion  of  the  blood  into  the  canal,  syphilitic 
effusions,  and  caries  of  the  temporal  bone  ;  the  last  sometimes  occurs  in  inflammation  of  the 
ear.  Amongst  intracranial  causes  are — aftections  of  the  membranes  of  the  brain,  and  of  the 
base  of  the  skull  in  the  region  of  the  nerve,  dis'ease  of  the  "facial  nucleus";  lastly,  aflection 
of  the  cortical  centre  of  the  nerve  and  its  connections  with  the  nucleus.  [No  nerve  is  so  liable 
as  the  seventh  to  be  paralysed  independently.] 

Symptoms  of  Unilateral  Paralysis  of  the  Facial  [or  Bell's  Paralysis]. — 1.  Paralysis  of  the 
muscles  of  expression  :  The  forehead  is  smooth,  without  folds,  the  eyelids  remain  open 
(lagophthalmus  paralyticus),  the  outer  angle  being  slightly  lower.    The  anterior  surface  of  the 
eye  rapidly  becomes  dry,  the  cornea  is  dull,  as,  owing  to  the  paralysis  of  the  orbicularis,  the 
tears  are  not  properly  distributed  over  the  conjunctiva,  and,  in  fact,  in  consequence  of  the 
dryness  of  the  eyeball,  there  may  be  temporary  inflammation  (keratitis  xerotica).    In  order 
to  protect  the  eyeball  from  the  light,  the  patient  turns  it  upwards  under  the  upper  eyelid 
{Bell),  relaxes  the  levator  palpebral,  which  allows  the  lid  to  fall  somewhat  {Hassc).    The  nose 
is  immovable,  while  the  naso-labial  fold  is  obliterated.    As  the  nostrils  cannot  be  dilated,  the 
sense  of  smell  is  interfered  with.     The  impairment  of  the  sense  of  smell  depends  more, 
however,  upon  the  imperfect  conduction  of  the  tears,  owing  to  paralysis  of  the  orbicularis 
palpebrarum  and  Horner's  muscle,  thus  causing  dryness  of  the  corresponding  side  of  the  nasal 
cavity.    Horses,  which  distend  the  nostrils  widely  durhig  respiration,  after  section  of  both 
facial  nerves,  are  said  by  CI.  Bernard  to  die  from  interference  with  the  respiration,  or  at  least 
they  suffer  from  severe  dyspncea  [Ellenbcrgcr).    The  face  is  drawn  towards  the  sound  side,  so  that 
the  nose,  mouth,  and  chin  are  oblique.    Paralysis  of  the  buccinator  interferes  with  the  proper 
formation  of  the  bolus  of  food ;  the  food  collects  between  the  cheek  and  the  gum,  from  which  it 
is  usually  removed  by  the  patient  with  his  fingers  ;  saliva  and  fluids  escape  from  the  angle  of 
the  mouth.    During  vigorous  expiration,  the  cheeks  are  puffed  outwards  like  a  sail.    The  speech 
may  be  affected  owing  to  the  difficulty  of  sounding  the  labial  consonants,  (especially  in  double 
paralysis),  and  the  vowels,  u,  ii  (ue),  o  (oe)  ;  while  the  speech,  in  paralysis  of  the  branches  to 
both  sides  of  the  palate,  becomes  nasal  (§  628).    The  acts  of  whistling,  sucking,  blowing,  and 
spitting  are  interfered  with.    In  double  paralysis,  many  of  these  symptoms  are  greatly  in- 
tensified, while  others,  such  as  the  olilique  position  of  the  features,  disappear.    The  features 
are  completely  relaxed  ;  there  is  no  mimetic  play  of  the  features,  the  patients  weep  and  laugh, 
"as  it  were,  behind  a  mask"  {Romberg).    2.  In  paralysis  of  the  palate,  when  the  uvula  is 
directed  towards  the  sound  side,  and  the  paralysed  half  of  the  palate  hangs  down  and  cannot  be 
raised  (large  superficial  petrosal  nerve),  it  is  not  determined  to  what  extent  this  condition 
influences  the  act  of  deglutition  and  the  formation  of  the  consonants.    3.  Taste  is  interfered 
with;  either  it  is  absent  on  the  anterior  two-thirds  of  the  tongue,  or  the  sensation  is  delayed 
and  altered.    This  is  due  to  an  aff"ection  of  the  chorda.    4.  Diminution  of  saliva  on  the  affected 
.side  was  first  described  by  Arnold  ;  still,  we  must  determine  to  what  extent  a  simultaneous 
afl'ection  of  the  sense  of  taste  may  cause  a  reflex  interference  with  the  secretion  of  saliva,  or 
whether  rapid  removal  of  the  saliva  through  the  opened  lips  and  angle  of  the  mouth  may  cause 
the  dryness  on  the  affected  side  of  the  mouth.    5.  Roux  pointed  out  that  hearing  is  aflected 
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the  seritihilil)/  to  sottncls  being  increased  (oxyakoia,  hyperakusis  willisiana).  The  paralysis  of 
the  stapedius  muscle  makes  the  stapes  loose  in  the  fenestra  ovalis,  so  that  all  impulses  from  the 
tympanum  act  vi^^orously  upon  the  stapes,  whicli  consequently  excites  considerable  vibrations  in 
the  lluul  of  the  inner  ear.  More  rarely,  in  paralysis  of  the  stapedius,  it  has  been  observed  that 
low  notes  are  heard  at  a  greater  distance  than  on  tlie  sound  side  {Lucae,  Moio).  6,  As  the 
facial  in  man  ajjpears  to  contain  hbres  for  the  secretion  of  sweat,  this  explains  the  loss  of  the 
power  of  sweating  in  the  face  when  the  nerve  liegins  to  atrophy  {Strauss,  Block). 

Section  of  the  facial  in  yonng  animals  causes  atrophy  of  the  corres].ondiiig  9)n«c/(».  The 
iacaal  bones  arc  also  imperfectly  developed  ;  they  remain  smaller,  and  lience  the  bones  of  the 
sound  siile  of  the  face  grow  towards,  and  ultimately  across,  the  middle  line  towards  thi!  affected 
side  (Brown-Sequard).    The  salivaiy  glands  also  remain  smaller. 

Stimulation— or  irritation  in  the  area  of  the /actrtZ— causes  partial  or  extensiv(>,  eitlier  direct 
or  reflex,  tonic  or  clonic  spasms.  The  extensive  forms  are  known  as  "  mimetic  facial  spasm." 
Amongst  the  partial  forms  are  tonic  contraction  of  the  eyelid  (blepharospasm),  which  is  most 
common  ;  and  is  caused  reflexly  l)y  stimulation  of  the  sensory  ner\-es  of  the  eye,  e.g.,  in  scrofulous 
ophthalmia,  or  from  excessive  sensibility  of  the  retina  (photophobia).  More  rarely,  the  excite- 
ment proceeds  from  some  more  distant  purt,  e.g.,  in  one  cause  recorded  by  v.  Griife,  from 
inflammatory  stimulation  of  the  anterior  palatine  arch.  The  centre  for  the  reflex  is  the  facial 
nucleus.  _  The  clonic  form  of  spasm — sjm.vnodic  winkincj  (spasmus  nictitans)— is  usually  of 
reflex  origin,  due  to  irritation  of  the  eye,  the  dental  nerves,  or  even  of  more  distant  nerves. 
In  severe  cases,  the  artection  may  be  bilateral,  and  the  spasms  may  extend  to  the  muscles  of 
the  neck,  trunk,  and  upper  extremities.  Contraction  of  the  muscles  of  the  lip  may  be  excited 
by  emotions  (rage,  grief),  or  reflexly.  Fibrillar  contractions  occur  after  section  of  the  facial  as 
a  "degeneration-phenomenon"  (p.  476).  [If  the  facial  be  torn  out  at  the  stylomastoid 
foramen,  there  is  paralytic  oscillation  of  the  lip  muscles  (ScJiiff).  If,  in  such  an  animal,  the 
posterior  root  of  the  annulus  of  Vieussens  be  stimulated  electrically,  as  it  contains  vaso-dilator 
hbres  (Bastre  and  Moral),  not  only  do  the  blood-vessels  of  the  cheek  and  lips  dilate,  but  the 
veins  pulsate  and  florid  blood  escapes  from  the  veins,  just  as  occurs  in  the  sub-maxillary  gland 
when  the  chorda  is  stimulated.  On  stimulating  the  ansa,  after  section  of  the  seventh,  there  is 
a  pseudo-motor  effect  on  the  muscles  of  the  cheek  and  lips,  so  that  there  is  an  analogy  between 
the  chorda  and  the  ansa  {RogoiiHcz).^  Intracranial  stimulation  of  the  most  varied  description 
may  cause  spasms.  Lastly,  facial  spasm  may  be  part  of  a  general  spasmodic  condition,  as  in 
epilepsy,  chorea,  hysteria,  tetanus.  Aretaeus  (81  a.d.)  made  the  interesting  observation  that 
the  muscles  of  the  ear  contracted  during  tetanus.  Very  rarely  have  spasmodic  elevation  of  the 
palate  and  increased  salivation  been  described  as  the  result  of  irritation  of  the  facial  {Leiibe). 
Moos  observed  a  profuse  secretion  of  saliva  on  stimulating  the  chorda  during  an  operation  on 
the  tympanic  cavity. 

350.  VIII.  NERVUS  ACUSTICUS.— Arises  by  <tPO  roots  {Sticda)  ;  a  larger  anterior  and  a 
smaller  posterior  one.  From  the  former  proceeds  the  vestibular  nerve,  and  from  the  latter  the 
cochlear  nerve ;  these  are  separated  in  the  sheep  and  horse  [Horhaczetvski).  Each  root  springs 
from  a  median  and  a  lateral  nucleus,  so  that  there  are  four  nuclei.  Some  fibres  come  from  the 
cerebellum,  and  these  may  be  connected  with  equilibration.  The  chief  mass  of  the  posterior 
ganglion  fibres  of  the  cochlear  nerve  cross  and  pass  to  the  corpora  quadrigemina,  the  internal 
geniculate,  and  finally  to  the  temporo-sphenoidal  lobe  (§  378,  IV.,  2).  After  extirpation  of  the 
tenii^oro-splienoidal  lobe,  these  fibres  atrojihy  into  the  internal  capsule  and  internal  geniculate 
body  {v.  Monakoiv).  The  striie  acusticaj  form  a  second  decussating  projection  system.  The 
origin  of  both  acoustic  nerves  are  connected  by  commissures  in  the  brain  {Flcchsig). 

In  the  course  of  the  internal  auditory  meatus,  the  auditory  and  portio  intermedia  of  the  facial 
exchange  fibres,  but  the  physiological  significance  of  this  is  unknown. 

Function. — The  acusticus  or  auditory  nerve  has  a  double  function  : — 1.  It  is 
the  nerve  of  hearing ;  when  stimulated,  either  at  its  origin,  in  its  course,  or  at  its 
peripheral  terminations,  it  gives  rise  to  sensations  of  sound.  Every  injury,  accord- 
ing to  its  intensity  and  extent,  causes  hardness  of  hearing  or  even  deafness. 

2.  Quite  distinct  from  the  foregoing  is  the  other  function,  which  depends  upon 
the  semicircular  canals,  viz.,  that  stimulation  of  the  peripheral  expansions  in  the 
ampullae  influences  the  movements  necessary  for  maintaining  the  equilibrium  of 
the  body. 

Brenner's  Formula. —The  relation  of  the  auditory  nerve  to  the  galvanic  current  is  very 
important.  In  healthy  persons,  when  there  is  closure  at  the  cathode,  there  is  the  sensation  of 
a  clang  (or  tone)  in  the  ear,  which  continues  with  variations  while  the  current  is  closed.  _  When 
the  anode  is  opened,  there  is  a  feebler  tone  (Brenner  s  Normal  Acoustic  Forimda).  This  clang 
coincides  exactly  with  the  resonance  fundamental  tone  of  the  sound-conducting  apparatus  of  the 
ear  itself. 
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¥a,tho\ogic&l.— Increased  sensibility  of  the  auditory  nerve  in  any  part  of  its  course,  its  centre, 
or  i)eriijheral  expansions  causes  the  condition  known  as  hyperakusis,  which  usually  is  a  sign  of 
"■reatly  increased  nervous  excitability,  as  in  hysteria.  When  excessive,  it  may  give  rise  to 
distinctly  painful  impressions,  which  condition  is  known  as  acouBtic  hyperalgia  (Etdcnhurci). 
Stimulation  of  the  parts  above-named  causes  sensations  of  sound,  the  most  common  being  the 
sensation  of  singing  in  the  cars,  or  tinnitus.  This  condition  is  often  due  to  changes  in  the 
amount  of  blood  in  the  blood-vessels  of  the  ear— either  anfemic  or  hyperfemic  stimulation. 
There  is  well-marked  tinnitus  after  large  doses  of  quinine  or  salicin,  due  to  the  vaso-motor 
effect  of  these  drugs  upon  the  vessels  of  the  labyrinth  (Kirchncr).  Not  unfrequently,  in  cases 
of  tinnitus,  the  reaction  due  to  the  galvanic  current  is  often  increased.  More  rarely  there  is 
the  so-called  "paradoxical  reaction"— i.e.,  on  applying  the  galvanic  current  to  one  ear,  in 
addition  to  the  reaction  in  this  ear,  there  is  the  opposite  result  in  the  non-stimulated  ear.  In 
other  cases  of  disease  of  the  auditory  nerve,  noises  rather  than  musical  notes  are  produced  by 
the  current ;  stiwidation,  especially  of  the  cortical  centre  of  the  auditory  nerve,  chiefly  in 
lunatics,  may  cause  auditory  delusions  (§  378,  IV,).  According  as  the  excitability  of  the 
auditory  nerve  is  diminished  or  abolished,  there  is  the  condition  of  nervous  hardness  of  hearing 
(hypakusis),  or  nervous  deafness  (anakusis). 

The  Semicircular  Canals  of  the  Labyrinth, — Section  or  injury  to  these  canals 
does  not  interfere  with  hearing,  but  other  important  symptoms  follow  their  injury, 
such  as  disturbances  of  equilibrium  due  to  a  feeling  of  giddiness,  especially  when 
the  injury  is  bilateral  (Flourens).  This  does  not  occur  in  fishes  (Kieselbach).  The 
pendulum-like  movement  of  the  head,  in  the  direction  of  the  plane  of  the  injured 
canal,  is  very  characteristic.  If  the  horizontal  canal  be  divided,  the  head  (of  the 
pigeon)  is  turned  alternately  to  the  right  and  left.  The  rotation  takes  place,  especially 
when  the  animal  is  about  to  execute  a  movement :  when  it  is  at  rest,  the  movement 
is  less  pronounced.  The  phenomenon  may  last  for  months,  and  injury  to  the 
posterior  vertical  canals  causes  a  well-marked  up  and  down  movement  or  nodding  of 
the  head,  the  animal  itself  not  unfrequently  falling  forwards  or  backwards.  Injury 
to  the  superior  vertical  canals  also  causes  pendulum-like  vertical  movements  of  the 
head,  while  the  animal  often  falls  forwards.  When  all  the  canals  are  destroyed, 
various  pendulum-like  movements  are  performed,  while  standing  is  often  impossible. 
Breuer  found  that  electrical  stimulation  of  the  canals  caused  rotation  of  the  head, 
while  Landois,  on  applying  a  solution  of  salt  to  the  canals,  observed  pendulum- 
like movements,  which,  however,  disappeared  after  a  time.  A  25  per  cent,  solu- 
tion of  chloral  dropped  into  the  ear  of  a  rabbit  causes,  after  fifteen  minutes,  a 
similar  destruction  of  the  canals  ( Vulpian).  Section  of  the  acoustic  nerves  within 
the  cranium  has  the  same  result  (Bechterew). 

Explanation. — Goltz  regards  the  canals  as  organs  of  sense  for  ascertaining  the  equilibrium  or 
position  of  the  head  in  space ;  Mach,  as  an  organ  for  ascertaining  the  movements  of  the  head. 
According  to  Goltz's  statical  theory,  every  position  of  the  head  causes  the  endolymph  to  exert 
the  greatest  pressure  upon  a  certain  part  of  the  canals,  and  thus  excites  in  a  varying  degree  the 
nerve-terminations  in  the  ampuUfe.  According  to  Breuer,  when  the  head  is  rotated,  currents 
are  produced  in  the  endolymph  of  the  canals,  which  must  have  a  fixed  relation  to  the  direction 
and  extent  of  the  movements  of  the  head,  and  these  currents,  therefore,  when  they  are  perceived, 
afford  a  means  of  determining  the  movement  of  the  head.  The  nervous  end-organs  of  the 
ampull*  are  arranged  for  ascertaining  this  perception.  If  the  semicircular  canals  are  an  appa- 
ratus—in fact,  "  sense-organs  "—for  the  sensation  of  the  equilibrium,  and  if  their  function  is 
to  determine  the  position  or  movements  of  the  head,  necessarily  their  destruction  or  stimulation 
must  alter  these  perceptions,  and  so  give  rise  to  abnormal  movements  of  the  head.  Vulpian 
regards  the  rotation  of  the  head  as  due  to  strong  auditory  perceptions  (?)  in  consequence  of 
affections  of  the  canals.  Bottcher,  Tomaszewicz,  and  Baginsky  regard  the  injury  to  the  cere- 
bellum as  the  cause  of  the  phenomena.  The  pendulum-like  movements,  however,  are  so 
characteristic  that  they  cannot  be  confounded  with  disturbances  of  the  equilibrium  which  result 
from  injury  to  the  cerebellum, 

[Kinetic  Theory.— In  1875  Crum  Brown  pointed  out  that,  if  a  person  be  rotated  passively, 
his  eyes  being  bandaged,  he  can,  up  to  a  certain  point,  indicate  pretty  accurately  the  amount 
of  movement,  but  after  a  time,  this  cannot  be  done,  and  if  the  rotation,  as  on  a  potter's  wheel, 
be  stopped,  the  sense  of  rotation  continues.  Crum  Brown  suggested  that  currents  were  produced 
in  the  endolymph,  while  the  terminal  hair-cells  lagged  behind,  and  were,  in  fact,  dragged  through 
the  fluid.  He  pointed  out  that  the  right  posterior  canal  is  in  line  with  the  left  superior,  and 
the  left  posterior  with  the  right  superior,  a  fact  which  is  readily  observed  by  looking  from 
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behincl  at  a  skull,  with  the  semicircular  canals  exposed  (fig.  432).  He  assumes  that  the  canals 
are  paired  organs,  and  that  each  pair  is  connected  with  rotation  or  movement  of  the  head  in  a 
particular  direction.] 

Giddiness.— This  feeling  of  false  impressions  as  to  the  relations  of  the  surround- 
ings and  consequent  movements  of  the  body,  occurs  especially  during  aaiuired 
changes  in  the  normal  movements  of  the  eyes,  whether  Lg  . 
due  to  involuntary  to  and  fro  movements  of  the  eye- 
balls (nystagmus),  or  to  paralysis  of  some  eye  muscle. 

Active  or  passive  movements  of  the  head  or  of  the 
body  are  normally  accompanied  by  simultaneous  move- 
ments of  both  eyeballs,  which  are  characteristic  for 
every  position  of  the  body.  The  general  character  of 
these  "  compensatory  "  bilateral  movements  of  the  eyes 

consists  in  this,  that  during  the  various  changes  in  the  y  rp 

position  of  the  head  and  body,  the  eyes  strive  to  main-  „. 

tain  their  primary  passive  position.    Section  of  the  r^•  x-  p 

J    4.    £  o  1  •        1.         1      1    J?  ii  Diagram  01  the  disposition  01 

aqueduct  of  Sylvius  at  the  level  of  the  corpora  qua-    the  semicircular  canals.  RS 

drigemina,  of  the  floor  of  the  fourth  ventricle,  of    and  LS,  right' and  left"  supe- 

the  auditory  nucleus,  both  acustici,  as  well  as  de-    "or ;       and  RP,  right  and 

struction  of  both  membranous  labyrinths,  causes  dis-  '  ^"'^ 

P  .1-1  1        right  and  left  external, 

appearance  or  these  movements ;  while,  conversely, 

stimulation  of  these  parts  is  followed  by  bilateral  associated  movements  of  the 
eyeballs. 

Compensatory  movements  of  the  eyeballs,  under  normal  circumstances,  may  be 
caused  refiexly  from  the  membranous  labyrinth.  Nerve  channels,  capable  of  excit- 
ing reflex  movements  of  both  eyes,  proceed  from  both  labyrinths,  and,  indeed,  both 
eyes  are  affected  from  both  labyrinths.  These  channels  pass  through  the  auditory 
nerve  to  the  centre  (nuclei  of  the  3rd,  4th,  6th,  and  8th  cranial  nerves),  and  from 
the  latter  efferent  fibres  pass  to  the  muscles  of  the  eye  (Hbgyes). 

Cyon  found  that  stimulation  of  the  horizontal  semicircular  canal  was  followed  by  horizontal 
nystagmus;  of  the  posterior,  by  vertical,  and  of  the  anterior  canal,  by  diagonal  nystagmus. 
Stimulation  of  one  auditory  nerve  is  followed  by  rotating  nystagmus,  and  rotation  of  the  body 
of  the  animal  on  its  axis  towards  the  stimulated  side. 

Poisons. — Chloroform  and  other  poisons  enfeeble  the  compensatory  movements  of  the  eye- 
balls, while  nicotin  and  asphyxia  suppress  them,  owing  to  their  action  on  their  nerve-centre. 

It  is  probable  that  the  disturbances  of  equilibrium  and  the  feeling  of  giddiness 

which  follow  the  passage  of  a  galvanic  current  through  the  head  between  the  mastoid 

processes,  are  also  due  to  an  action  upon  the  semicircular  canals  of  the  labyrinth 

(§  300).    Deviation  of  the  eyeballs  is  produced  by  such  a  galvanic  current  {Ilitzig). 

The  same  result  is  produced  when  the  two  electrodes  are  placed  in  the  external 

auditory  meatuses. 

Pathological. — Meniere's  Disease. — The  feeling  of  giddiness,  not  unfrequcntly  accompanied 
by  tinnitus,  which  occurs  in  Meniere's  disease,  must  be  referred  to  an  affection  of  the  nerves  of 
the  ampulla;  or  their  central  organs,  or  of  the  semicircular  canals  themselves.  By  injecting  Huid 
violently  into  the  ear  of  a  rabbit,  giddiness,  with  nystagmus  and  rotation  of  tlie  head  towards 
the  side  operated  on,  are  produced  (Baginsky).  In  cases  in  man,  where  the  tympanic  membrane 
was  defective,  Lucie,  when  employing  the  so-called  ear-air-douche  at  O'l  atmosphere,  observed 
abduction  of  the  eyeball  with  diplopia,  giddiness,  darkness  in  front  of  the  eyes,  while  the 
respiration  was  deeper  and  accelerated.  These  phenomena  must  be  due  to  stimulation  or  ex- 
haustion of  the  vestibular  branch  of  the  auditory  nerve  (ffogyes).  In  chronic  gastric  catarrh, 
a  tendency  to  giddiness  is  an  occasional  symptom  (Trousseau's  gastric  giddiness).  This  may, 
perhaps,  be  caused  by  stimulation  of  the  gastric  nerves  exciting  the  vaso-motor  nerves  of  the 
labyrinth,  which  must  affect  the  pressure  of  the  endolymph.  Analogous  giddiness  is  excited 
from  the  larynx  (Charcot),  and  from  the  urethra  {Erlcnvicyer). 

[Vertigo  or  giddiness  is  a  very  common  symptom  in  disease,  and  may  be  produced  by  a  great 
many  different  conditions.  It  literally  means  "a  turning."  As  Gowers  points  out,  the  most 
common  symptom  is  that  the  patient  himself  has  a  sense  of  movement  in  one  or  other  direction ; 
or  objects  may  appear  to  move  before  him;  and  more  rarely  there  is  actual  movement  "com- 
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monly  in  the  same  direction  as  the  subjective  sense  of  movement."  It  is  sometimes  due  to  a 
waut  of  hannouy  between  the  impressions  derived  from  ditiereut  sense-organs  or  "  contra- 
dictoriness  of  sensory  impressions  {Grainger  Stewart),  as  is  sometimes  felt  on  ascending  or 
descending  a  stair,  or  by  some  persons  while  standing  on  a  high  tower,  constituting  tower  or 
clitt"  giddiness.  One  of  the  most  remarkable  conditions  is  that  called  "  agoraphobia  "  {Bcnedikt, 
Wesfphal).  The  person  can  walk  quite  well  in  a  narrow  lane  or  street,  but  when  he  attempts 
to  cross  a  wide  s(iuare,  he  experiences  a  feeling  closely  allied  to  giddiness.  The  giddiness  of 
sea-sickness  is  proverbial,  while  some  persons  get  giddy  with  waltzing  or  swinging.  Besides 
occurring  in  Meniere's  disease,  it  sometimes  occurs  in  locomotor  ataxia,  and  some  cerebral  and 
cerebellar  alfections,  including  cerebral  anaimia.  Very  distressing  giddiness  and  headache  are 
often  produced  by  paralysis  of  some  of  the  ocular  muscles,  e.g.,  the  external  rectus.  Defective 
or  perverted  ocular  impressions,  as  well  as  similai- auditory  impressions,  may  give  rise  to  vertigo  ; 
in  the  latter  or  labyrinthine  form  the  vertigo  may  be  very  severe.  Severe  vertigo  is  often  ac- 
companied by  vomiting.  A  hard  plug  of  ear-wax  may  press  on  the  membrana  tympani  and 
cause  severe  giddiness.  Tlie  forms  of  dyspeptic  giddiness  and  the  toxic  forms  due  to  the  abuse 
of  alcohol,  tobacco,  and  some  other  drugs  are  familiar  examples  of  this  condition.] 

[Tinnitus  Aurium,  or  subjective  noises  in  the  ear,  is  a  very  common  symptom  in  disease  of 
the  ear;  the  noise  may  be  continuous  or  discontinuous,  be  buzzing,  singing,  or  rumbling  in 
character.  ] 

351.  IX.  NEEVUS  GLOSSO-PHAEYNGEUS.— Anatomical.— This  nerve  (fig.- 429,  9)  arises 
from  the  nucleus  of  the  same  name,  which  consists  partly  of  large  cells  (motor)  and  partly  of 
small  cells  (belonging  to  the  gustatory  fibres).  The  nucleus  lies  in  the  lower  half  of  the  fourth 
ventricle,  eleep  in  the  medulla  oblongata,  near  the  olive  (fig.  427),  and  posteriorly  it  abuts  on 
that  of  the  vagus.  The  anterior  part  of  the  central  nucleus  is  regarded  as  the  root  of  the  portio 
intermedia  of  the  facial  (§  349).  The  nerve  also  receives  fibres  from  the  vagal  centres.  The 
fibres  collect  into  two  trunks,  which  afterwards  unite  and  leave  the  medulla  oblongata  in  front 
of  the  vagus.  lu  the  fossula  petrosa  it  has  on  it  tlie  petrous  ganglion,  from  which,  occasion- 
ally, a  special  part  on  the  posterior  twig  is  separated  within  the  skull  as  the  ganglion  of  Ehren- 
ritter.  Communicating  branches  are  sent  from  the  petrous  ganglion  to  the  trigeminus,  facial 
(e  aud  tt),  vagus  and  carotid  plexus.  From  this  ganglion  also  the  tympanic  nerve  (\)  ascends 
verticall)'^  in  the  tympanic  cavity,  where  it  unites  with  the  tympanic  plexus.  This  branch 
(g  349,  4)  gives  sensory  fibres  to  the  tympanic  cavity  and  the  Eustachian  tube  ;  while,  in  the 
dog,  it  also  carries  secretory  fibres  for  the  parotid  into  the  small  superficial  petrosal  nerve 
{Heidenhain — §  145). 

Function. — 1.  It  is  the  nerve  of  taste  for  the  posterior  third  of  the  tongue,  the 
lateral  part  of  the  soft  palate,  and  the  glosso-palatine  arch  (compare  §  422).  [This 
is  denied  by  Gowers  (p.  600).] 

The  nerve  of  taste  for  the  anterior  two-thirds  of  the  tongue  is  referred  to  under  the  lingual 
(§  347,  III.,  4)  and  chorda  tympani  nerves  (§  349,  4).  The  glossal  branches  are  provided  with 
ganglia,  especially  where  the  nerve  divides  at  the  base  of  the  circumvallatc  papillai  [Eeviak, 
Kolliker,  Stirling).  The  nerve  ends  in  the  circuravallate  papillaj  (fig.  429,  U),  and  the  end- 
organs  are  represented  by  the  taste  bulbs  (§  422). 

2.  It  is  the  sensory  nerve  for  the  posterior  third  of  the  tongue,  the  anterior 
surface  of  the  epiglottis,  the  tonsils,  the  anterior  palatine  arch,  the  soft  palate,  and 
a  part  of  the  pharynx.  From  this  nerve  there  may  be  discharged  reflexly,  move- 
ments of  deglutition,  of  the  palate  and  pharynx,  which  may  pass  into  those  of 
vomiting  (§  1.58).  These  fibres,  like  the  gustatory  fibres,  can  excite  a  reflex  secre- 
tion of  saliva  (§  145). 

3.  It  is  motor  for  the  stylo-pharyngeus  and  middle  constrictor  of  the  pharynx 
( Volhnann)  ;  and,  according  to  other  observers,  to  the  (?)  glosso-palatinus  {Hdn) 
and  the  (?  ?)  levator  veli  palatini  and  azygos  uvulae  (compare  Sphejio-jmlatijie 
ganglion,  §  347,  II.).  It  is  doubtful  whether  the  glosso-pharyngeal  nerve  is  really 
a  motor  nerve  at  its  origin— although  Meynert  and  others  have  described  a  motor 
nucleus— or  whether  the  motor  fibres  reach  the  nerve  at  the  petrous  gano-lion, 
through  the  communicating  branch  from  the  facial.  *^  ' 

4.  A  twig  accompanies  the  lingual  artery  ;  this  nerve,  perhar)s,  is  vaso-dilator  f or  the  lint^ual 
blood-vessels.  ° 

Pathological.— There  are  no  satisfactory  observations  on  man  of  uncomplicated  affections  of 
the  glosso-pharyngeal  nerve. 

1  ^^2^>^v/n?7^^  X^,^^^--^''^*T\'^^-~T^^'^  ^^^"ch  the  vagus  arises 

along  with  the  9th  and  11th  nerve  is  m  (1)  tlio  ala  cinerea  in  the  lower  half  of  the  calamus 
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scriptorius  (fig.  427,  10)  [and  it  is  very  probably  the  representative  of  the  cells  of  the  vesicular 
column  of  Clarke  (§  366)].  (2)  Other  fibres  come  from  the  '•  lougituilinal  bundle"  or 
"  respiratory  bundle  "  lying  outside  the  nucleus,  and  reaching  down  into  the  cervical  enlarge- 
ment. (3)  A  motor  nucleus— the  nucleus  anibiguus— a  prolongation  of  some  of  the  cells  of  the 
anterior  horn  of  the  spinal  cord,  gives  some  motor  fibres.  It  leaves  the  medulla  oblongata  by 
10  to  15  threads  behind  the  9th  nerve,  between  the  divisions  of  the  lateral  column,  and  has  a 
ganglion  (jugular)  upon  it  in  the  jugular  foramen  (fig.  428,  VIII).  Its  In-anches  contain 
fibres  which  subserve  diflerent  functions. 

1.  The  sensory  meningeal  branch  from  the  jugular  ganglion  accompanies  the 
vaso-motor  fibres  of  the  sympathetic  on  the  middle  meningeal  artery,  and  sends 
fibres  to  the  occijDital  and  transverse  sinus. 

_  When  it  is  irritated,  as  in  congestion  of  tlie  head  and  inflammation  of  the  dura  mater,  it  gives 
rise  to  vomiting. 

2.  The  auricular  branch  (fig.  433,  cm.)  from  the  jugular  ganglion  receives  a 
communicating  branch  from  the  petrous  ganglion  of  the  9th  nerve,  traverses  the 
canaliculus  mastoideus,  crossing  the  course  of  the  facial,  with  which  it  exchanges 
fibres  whose  function  is  unknown.  On  its  course,  it  gives  sensory  branches  to 
the  posterior  part  of  the  auditory  meatus,  and  the  adjoining  part  of  the  outer  ear. 
A  branch  runs  along  with  posterior  auricular  branch  of  the  facial,  and  confers 
sensibility  on  the  muscles. 

When  this  nerve  is  irritated,  either  through  inflammation  or  by  the  presence  of  foreign 
bodies  in  the  outer  ear  passage,  it  may  give  rise  to  vomiting.  Stimulation  of  the  deep  part  of 
the  external  auditory  meatus  in  the  region  supplied  by  the  auricular  branch  causes  coughing 
retiexly  [e.g.,  from  the  presence  of  a  pea  in  the  ear].  Similarly,  contraction  of  the  blood-vessels 
of  the  ear  may  be  caused  reflexly  {Snellen,  Lovtn). 

The  nerve  is  the  remainder  of  a  considerable  branch  of  the  vagus  which  exists  in  fishes  and 
the  larvai  of  frogs,  and  runs  under  the  skin  along  the  side  of  the  body. 

3.  The  connecting  branches  of  the  vagus  are  : — (1)  A  branch  which  directly 
connects  the  petrous  ganglion  of  the  9th  with  the  jugular  ganglion  of  the  10th; 
its  function  is  unknown.  (2)  Directly  above  the  plexus  gangliiformis  vagi,  the 
vagus  is  joined  by  the  whole  inner  half  of  the  sinned  accessory.  This  nerve  conveys 
to  the  vagus  the  motor  fibres  for  the  larynx,  and  the  cei'vical  imrt  of  the  oesoj^hciffus 
(which  according  to  Steiner  lie  in  the  inner  part  of  the  nerve-trunk),  as  well  as  the 
inhibitory  _/?6res  for  the  heart  {CI.  Bernard).  (3)  The  plexus  gangliiformis  fibres, 
whose  function  is  unknown,  join  the  trunk  of  the  vagus  from  the  hypoglossal, 
superior  cervical  ganglion  of  the  sympathetic,  and  the  cervical  plexus. 

4.  Pharyngeal  Plexus. — The  vagus  sends  one  or  two  branches  (fig.  433,  2)  from 
the  upper  part  of  the  plexus  gangliiformis  to  the  pharyngeal  plexus,  where  at  the 
level  of  the  middle  constrictor  of  the  pharynx,  it  is  joined  by  the  pharyngeal  branches 
of  the  9th  nerve  and  those  of  the  upper  cervical  sympathetic  ganglion,  near  the 
ascending  pharyngeal  artery,  to  form  the  pharyngeal  plexus.  The  vagal  fibres  in 
this  plexus  supply  the  three  constrictors  of  the  pharynx  with  motor  fibres,  while  the 
tensor  palati  {Otic  ganglion,  §  347,  III.)  and  levator  of  the  soft  palate  (compare 
Spheno-palatine  ganglion,  §  347,  II.)  also  receive  motor  (?  sensory)  fibres.  Sensory 
fibres  of  the  vagus  from  the  pharyngeal  plexus  supply  the  pharynx  from  the  part 
beneath  the  soft  palate  downwards.  These  fibres  excite  the  pharyngeal  constric- 
tors refiexly,  during  the  act  of  swallowing  (§  1 56),  If  stimulated  very  strongly, 
they  may  cause  vomiting.  (The  sympxithetic  fibres  of  the  oesophageal  plexus  give 
vaso-motor  nerves  to  the  oesophageal  vessels ;  for  the  oesophageal  branches  of  the 
9th  nerve  see  above.) 

5.  The  vagus  supplies  two  branches  to  the  larynx,  the  superior  and  inferior 
laryngeal. 

(a)  The  superior  laryngeal  (fig.  433,  3)  receives  vaso-motor  fibres  from  the 
superior  cervical  ganglion  of  the  sympathetic.  It  divides  into  two  branches,  external 
and  internal  :— (1)  The  external  branch  receives  vaso  motor  fibres  froni  the  same 
source  (they  accompany  the  superior  thyroid  artery),  and  supply  the  crico-thyroid 


Fig.  433. 

I.  SeJieme  of  the  distribution  of  the  vagus  and  acccssorius.  —10,  Exit  of  left  vagus  from  tlie  skull  • 
lOi,  right  vagus ;  9,  glosso-pliaryngeal ;  7,  facial ;  1,  deep  post-auricular  from  the  facial  '; 
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muscle  with  motor  fibres,  and  sensory  fibres  to  the  lower  lateral  portion  of  the 
laryngeal  mucous  membrane.  (2)  The  internal  branch  gives  off  nensori/  branches 
only  to  the  glosso-epiglottidean  fold,  and  the  adjoining  lateral  region  of  the  root  of 
the  tongue,  the  aryepiglottidean  fold,  and  to  the  whole  anterior  part  of  the  larynx, 
except  the  part  supplied  by  the  external  branch  {Loiu/ef).  Stimulation  of  any  of 
these  sensory  fibres  causes  coughing  refiexly.  Coughing  is  produced  by  stimula- 
tion of  the  boundaries  of  the  glottis  respiratoria,  but  not  of  the  vocal  cords,  and 
by  stimulation  of  the  sensory  branches  of  the  vagus  to  the  tracheal  mucous  mem- 
brane, especially  at  the  bifurcation,  and  also  from  the  bronchial  mucous  membrane 
{Kohts).  Coughing  is  also  caused  by  stimulation  of  the  auricular  branch  of  the 
vagus,  especially  in  the  deep  part  of  the  external  auditory  meatus,  of  the  pulmonary 
tissue,  especially  when  altered  pathologically ;  in  pathological  conditions  (infiamma- 
tion)  of  the  pleura  (?  certain  changes  in  the  stomach  [stomach-cough]),  of  the  liver 
and  spleen  {Naunyn).  The  coughing  centre  is  said  to  lie  on  each  side  of  the 
raphe,  in  the  neighbourhood  of  the  ala  cinerea  {Kohis).  Cases  of  violent  coughing 
may,  owing  to  stimulation  of  the  pharynx,  be  accompanied  by  vomiting  as  an  asso- 
•   elated  movement  (§  120). 

lu  many  individuals,  coughing  can  be  excited  by  stimulation  of  distant  sensory  nerves  (§  120, 1 ), 
e.g.,  from  the  outer  ear  (auricular  nerve),  nasal  mucous  membrane,  liver,  spleen,  stomach, 
intestine,  uterus,  mamm:e,  ovaries,  and  even  from  certain  cutaneous  areas  [Ebstcin).  It  is  un- 
certain if  these  conditions  act  directly  upon  the  coughing  centre,  or  first  of  all  affect  the  vascu- 
larisation  and  secretion  of  the  respiratory  organs,  which  in  their  turn  affect  the  coughing  centre. 

The  cough  (dog,  cat)  caused  by  stimulation  of  the  trachea  and  bronchi  occurs  at  once,  and 
lasts  as  long  as  the  stimulus  lasts  ;  in  stimulation  of  the  larynx,  the  first  effect  is  inhibition 
of  tlie  respiration  accompanied  by  movements  of  deglutition,  while  the  cough  occurs  after  the 
cessation  of  the  stimulation  {Kandarazky). 

The  superior  laryngeal  contains  afferent  fibres  which,  when  stimulated,  cause  arrest  of  the 
resjnration  and  closure  of  the  rimaglottidis  [Rosenthal) — {see  Respiratory  centre,  %  368).  Lastly, 
fibres  which  are  efferent  and  serve  to  excite  the  vaso-motor  centre,  and  are  in  fact  "pressor 
fibres" — (see  Vaso-motor  centre,  §371,  II.). 

(6)  The  inferior  laryngeal  or  recurrent  bends  on  the  left  side  around 

the  arch  of  the  aorta,  and  on  the  right  around  the  subclavian,  and  ascends  in  the 

groove  between  the  trachea  and  oesophagus,  giving  motor  fibres  to  these  organs, 

and  the  lower  constrictors  of  the  pharynx,  and  passes  to  the  larynx,  to  supply 

motor  fibres  to  all  its  muscles,  except  the  cricothyroid.    It  also  has  an  inhibitory 

action  upon  the  respiratory  centre  (see  §  368). 

A  connecting  branch  runs  from  the  superior  laryngeal  to  the  inferior  (the  anastomosis  of 
Galen),  w-hich  occasionally  gives  oxi  sensor  11  branches  to  the  upper  half  of  the  trachea  (sometimes 
to  the  larynx  ?)  ;  perhaps  also  to  the  esophagus  (Longet),  and  sensory  fibres  (?)  for  tlie  muscles 
of  the  larynx  supplied  by  the  recurrent  laryngeal.  According  to  Fran9ois  Franck,  sensory  fibres 
pass  by  this  anastomosis  from  the  recurrent  into  the  superior  laryngeal.  According  to  Waller 
and  Burckhard,  the  motor  fibres  of  both  laryngeal  nerves  are  all  derived  from  the  accessorius  ; 
while  Chauveau  maintains  that  the  cricothyroid  is  an  exception. 

Stimulation  of  the  superior  laryngeal  is  painful,  and  causes  contraction  of 

2,  pharyngeal  branches  of  vagus  ;  6,  pljaryngeal  branch  of  the  glosso-pharyngeal  ;  3, 
superior  laryngeal,  with  its  anastomoses,  /,  with  the  sympathetic  and  its  division,  4,  into 
its  internal,  r,  and  external  branches,  e ;  5,  inferior  or  recurrent  laryngeal ;  au.,  auricular 
branch  of  vagus.  Cardiac  nerves  : — g,  cardiac  branches  from  the  vagus  and  superior  laryn- 
geal ;  i,  h,  the  three  cardiac  branches  from  the  upper,  g,  middle,  x,  and  lower,  y,  cervical 
canglion  of  the  sympathetic  ;  I;  ring  of  Vieusses  ;  I,  cardiac  branch  from  the  recurrent 
FaryTigeal  ;  L,  lung  with  the  anterior  and  posterior  pulmonary  plexuses  ;  r,  cesophageal 
plexus  ;  00,  gastric  branches,  and  near  them  the  hepatic  ]>ranches,  n  ;  m,  coiHac  plexus  ; 
k,  splanchnic  entering  former  ;  11,  accessory  nerve  sending  its  inner  branch  into  the 
gangliform  plexus  of  the  vagus — its  outer  branch,  ac,  supplies  the  stei-nomastoid,  St  and 
afi,''and  the  trapezius,  Cc;  0,  external  auditory  meatus;  (Jh,  hyoid  bone;  K,  thyroid 
cartilage  ;  2\  trachea' ;  H,  heart ;  P,  pulmonary  artery  ;  A  A,  aorta  ;  c,  right  carotid  ; 
Cj,  left  carotid  ;  s  and  5„  right  and  left  subclavian  artery  ;  Z  Z,  diaphragm  ;  N,  kidney  ;  Nn, 
suprarenal  capsule  ;  M,  stomach  ;  m,  spleen  ;  L  L,  lung  and  liver.  II.  Scheme  of  the 
course  of  the  depressor  ami  accelerans  in  the  cat. 
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the  cricothvroid  muscle  (while  the  other  laryngeal  muscles  contract  rejiexly). 
Section  of  both  nerves,  owing  to  paralysis  of  the  cricothyroids,  causes  slight 
slowing  of  the  respirations  {Sk-larek).  In  dogs,  the  voice  becomes  deeper  and 
hoarser,  owing  to  diminished  tension  of  the  vocal  cords  (Longd).  The  larynx 
becomes  insensible,  so  that  saliva  and  particles  of  food  pass  into  the  trachea  and 
lungs,  without  causing  retiex  contraction  of  the  glottis  or  coughing.  This  excites 
"traumatic  pneumonia,"  which  results  in  death  {Friedldnder). 

Stimulation  of  the  recurrent  nerves  causes  spasm  of  the  glottis.  Section 
of  these  nerves  paralyses  the  laryngeal  muscles  supplied  by  them,  the  voice  becomes 
husky  and  hoarse  (in  the  pig — Galen,  RioUni,  1G18)  in  man,  dog,  and  cat ;  while 
rabbits  retain  their  shrill  cry.    The  glottis  is  small,  with  every  inspiration,  the 

vocal  cords  approximate  considerably  at  their  anterior  parts, 
while,  during  expiration,  they  are  relaxed  and  are  separated 
Ljf5\  (53lJ  from  each  other.    Hence;  the  inspiration,  especially  in  young 

Wn^        individuals  whose  glottis  respiratoria  is  narrow,  is  difficult 
and  noisy  {Legal lois) ;  while  the  ex[)iration  takes  place  easily. 
After  a  few  days,  the  animal  (carnivore)  becomes  more  quiet, 
it  respires  with  less  effort,  and  the  passive  vibratory  move- 
SsL_y  VSi>1     iBents  of  the  vocal  cords  become  less.    Even  after  a  con- 

1^  siderable  interval,  if  the  animal  be  excited,  it  is  attacked  with 
severe  dyspnoea,  which  disappears  only  when  the  animal  has 
become  quiet  again.  Owing  to  paralysis  of  the  laryngeal 
muscles,  foreign  bodies  are  apt  to  enter  the  trachea,  while 
the  paralysis  renders  difficult  the  first  part  of  the  process  of 
swallowing  in  the  oesophageal  region.  Broncho-pneumonia 
may  be  produced  {Arnsperger). 

6.  The  depressor  nerve,  which  in  the  rabbit  arises  by  one 
branch  from  the  superior  laryngeal,  and  usually  also  by  a 
second  root  from  the  trunk  of  the  vagus  itself  [runs  down 
the  neck  in  close  relation  with  the  vagus,  sympathetic,  and 
carotid  artery,  enters  the  thorax],  and  joins  the  cardiac  plexus 
(fig.  434,  sc).  It  is  an  afferent  nerve,  and  when  its  central 
end  is  stimulated  [provided  both  vagi  be  divided],  it  dimin- 
ishes the  energy  of  the  vaso-motor  centre,  and  thus  causes  a 
fall  of  the  blood-pressure  (hence  the  name  given  to  it  by  Cyon 
and  Ludwig,  §  .371,  II.).  At  the  same  time,  [if  the  vagus 
on  the  opposite  side  be  intact],  its  stimulation  affects  the 
cardio-inhibitory  centre,  and  thus  reflexly  diminishes  the  num- 
ber of  heart-beats.  [Its  stimulation  also  gives  rise  to  pain, 
so  that  it  is  the  sensory  nerve  of  the  heart.  If  in  a  rabbit 
the  vagi  be  divided  in  the  middle  of  the  neck,  and  the  central 
end  of  the  depressor  nerve,  which  is  the  smallest  of  the  three 
nerves  near  the  carotid,  be  stimulated,  after  a  short  time  there 
is  no  alteration  of  the  heart-beats,  but  there  is  steady  fall  of 
the  blood-pressure  (fig.  106),  which  is  due  to  a  reflex  inhibi- 
tion of  the  vaso-motor  centre,  resulting  in  a  dilatation  of  the  blood-vessels  of  the 
abdomen.  Of  course,  if  the  vagi  be  intact,  there  is  a  reflex  inhibitory  effect  on  the 
It  is  doubtful  if  the  depressor  comes  into  action  when  the  heart  is  over- 
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Scheme  of  the  cardiac 
nerves  in  the  rabbit. 
P,  pons  ;  M,  medulla 
oblongata  ;  Vag,  va- 
gus ;  SL,  superior, 
IL,  inferior  laryngeal ; 
.sc,  superior  cardiac  or 
depressor;  ic,  inferior 
cardiac  or  cardio-in- 
hibitory ;  H,  heart. 


heart. 


distended.  If  it  did,  of  course  the  blood-pressure  would  be  reduced  by  the  reflex 
dilatation  of  the  abdominal  blood-vessels.] 

The  depressor  nerve  is  present  in  the  cat  (§  370),  hedgehog  [Auhert,  Rover),  rat  and  mouse  • 
in  tlie  horse  and  m  man,  fibres  analogous  to  the  depressor  re-enter  the  trunk  of  the  vagus' 
{Lcrnhardt,  Krcidmaim). ,  Depressor  libres  are  also  found  in  the  rabbit  in  the  trunk  of  the 
vagus  {Drcsclifddt,  Stdling). 
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7.  The  cardiac  branches  (Hg.  433,  7, 1),  as  well  as  the  cardiac  plexus,  have  been 
described  in  §  57.  These  nerves  contain  the  inhibitory  nhres  for  the  heart  (fig.  434, 
tc— cardio-inhibitory— ^f?«m?YZ  Weher,  November,  1845  ;  Budge,  independently 
in  May  184G),  also  sensory  fibres  for  the  heart  [in  the  frog  {Budge),  and  partly 
in  mammals  {Goltz)\.  Lastly,  in  some  animals  the  heart  receives  some  of  the 
<tccelerating  fibres  through  the  trunk  of  the  vagus.  Feeble  stimulation  of  the  vagus 
occasionally  causes  acceleration  of  the  beats  of  the  heart  (Schif).  [This  occurs 
when  the  vagus  contains  accelerator  fibres.]  In  an  animal  poisoned  with  nicotin, 
or  atropin,  which  paralyses  the  inhibitory  fibres  of  the  vagus,  stimulation  of  the 
vagus  is  followed  by  acceleration  of  the  heart-beats  {Schiff,  Schraiedtberg)  [owing  to 
the  unopposed  action  of  any  accelerated  fibres  that  may  be  present  in  the  nerve,  e.g., 
of  the  frog]. 

8.  The  pulmonary  branches  of  the  vagus  join  the  anterior  and  posterior 
pulmonary  plexuses.  The  anterior  pulmonary  plexus  gives  sensory  and  motor 
fibres  to  the  trachea,  and  runs  on  the  anterior  surface  of  the  branches  of  the  bronchi 
into  the  lungs  (L).  The  posterior  plexus  is  formed  by  three  to  five  large  branches 
from  the  vagus,  near  the  bifurcation  of  the  trachea,  together  with  branches  from 
the  lowest  cervical  ganglion  of  the  sympathetic  and  fibres  from  the  cardiac 
plexus.  The  plexuses  of  opposite  sides  exchange  fibres,  and  branches  are  given  off 
which  accompany  the  bronchi  in  the  lungs.  Ganglia  occur  in  the  course  of  the 
pulmonary  branches  in  the  frog  {Arnold,  W.  Stirling)  [newt — W.  Stirling  ;  and  in 
mammals  {Remak,  Egoroiv,  W.  Stirling)],  in  the  larynx  [Cock,  W. .  Stirling],  in  the 
trachea  and  bronchi  [TT^.  Stirling,  Kandarazki].  Branches  proceed  from  the 
pulmonary  plexus  to  the  pericardium  and  the  superior  vena  cava  {Luschka, 
Zuckerkandl). 

The  functions  of  the  pulmonary  branches  of  the  vagus  are — (1)  they  supply 
motor  branches  to  the  smooth  muscles  of  the  whole  bronchial  system  (§  106) ; 
(2)  they  supply  a  small  part  of  the  vaso-motor  nerves  of  the  pulmonary  vessels 
{Schiff),  but  by  far  the  largest  number  of  these  nerves  (?  all)  is  supplied  from  the 
connection  with  the  sympathetic  (in  animals  from  the  first  dorsal  ganglion) — {Broivn- 
Sequard,  A.  Fick,  Badoud,  Lichtheim) ;  (3)  they  supply  sensory  (cough-exciting) 
fibres  to  the  whole  bronchial  system,  and  to  the  lungs  ;  (4)  they  give  aflferent 
fibres,  which,  when  stimulated,  diminish  the  activity  of  the  vaso-motor  centre,  and 
thus  cause  a  fall  of  the  blood-pressure  during  forced  expiration  ;  (5)  similar  fibres 
which  act  upon  the  inhibitory  centre  of  the  heart,  and  so  influence  it  as  to  accelerate 
the  pulse-beats  (§  369,  II.).    Simultaneous  stimulation  of  4  and  5  alters  the  pulse 
rhythm  {Sonwierbrodt) ;  (6)  they  also  contain  ajf'erent  fibres  from  the  pulmonary 
parenchyma  to  the  medulla  oblongata,  which  stimulate  the  respiratory  centre.  [These 
fibres  are  continually  in  action],  and  consequently  section  of  both  vagi  is  followed  by 
diminution  of  the  number  of  respirations;  the  respirations  become  at  the  same  time 
deeper,  while  the  same  volume  of  air  is  changed  ( Valentin).   Stimulation  of  the  central 
end  of  the  vagus  again  accelerates  the  respirations  {Traidje,  ./.  Rosenthal).  Thus, 
laboured  and  difficult  respiration  is  explained  by  the  fact  that  the  influences 
conveyed  by  these  fibres  which  excite  the  respiratory  centre  reflexly  are  cut  off ;  so 
it  is  evident,  that  centripetal  or  afferent  impulses  proceeding  upwards  in  the  vagus 
are  intimately  concerned  in  maintaining  normal  reflex  respiration  ;  after  these 
nerves  are  divided,  conditions  exciting  the  respiratory  movements  must  originate 
directly,  especially  in  the  medulla  oblongata  itself  (§  368). 

Pneumonia  after  Section  of  both  Vagi. — Tlie  inflammation  which  follows  section  of  both 
vao-i  has  attracted  tlic  attention  of  many  observers  since  the  time  of  Valsalva,  Morgagni  (1740), 
and  Legallois  (1812).  In  attempting  to  explain  this  jihenomenon,  we  must  bear  in  mind  the 
following  considerations  : — (a)  Section  of  both  vagi  is  followed  by  loss  of  molur  power  in  the 
muscles  of  the  larynx,  as  w-ell  as  the  scnsihilitij  of  the  larynx,  trachea,  bronchi,  and  the  lungs, 
provided  the  section  be  made  above  tlie  origin  of  the  sufierior  laryngeal  nerves.  Hence,  the 
'dottis  is  not  closed  during  swallowing,  nor  is  it  closed  reflexly  when  foreign  bodies  (saliva. 
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particles  of  loo.l,  irrespirable  gases)  enter  the  respiratory  passages.  Even  the  reflex  act  of  cough- 
mg  which  under  ordinary  circumstances,  would  get  rid  of  the  offending  bodies,  is  abolished. 
Thus  foreign  bodies  may  readilv  enter  the  lungs,  and  this  is  favoured  by  the  fact  tliat,  owing  to 
the  simultaneous  paralysis  of  the  a-sophngus,  the  food  remains  in  the  latter  for  a  time,  and 
may  therefore  easily  enter  the  larynx.  That  this  constitutes  one  important  factor  was  proved 
by  Traube,  who  found  that  the  pneumonia  was  prevented  when  he  caused  the  animals  to  respire 
by  means  of  a  tube  inserted  into  the  trachea  through  an  aperture  in  the  neck.  If,  on  the  con- 
trary, only  the  motor  recurrent  nerves  were  divided  and  the  tesophagus  ligatured,  so  that  in 
the  'I'lrocess  of  attempting  to  swallow,  food  must  necessarily  enter  the  respiratory  passages, 
"traumatic  pneumonia"  was  the  invariable  result  {Trauhc,  0.  Frcy).  (b)  A  second  factor 
dei)euds  on  the  circumstiHice  that,  owing  to  the  laboured  and  difficult  respiration,  the  lungs 
become  surcharged  ivitli  blood,  because  during  the  long  time  that  the  thorax  is  distended,  the 
pressure  of  the  air  within  the  lungs  is  abnormally  low.  This  condition  of  congestion,  or  abnormal 
filling  of  the  pulmonary  vessels  with  blood,  is  followed  hy  serous  exudation  (pulmonary  oedema), 
and  even  by  exudation  of  blood  and  the  formation  of  pus  in  the  air-vesicles  {Frey).  This  same 
circumstance  favours  the  entrance  of  ffuids  through  the  glottis  (§  352,  h).  The  introduction 
of  a  tracheal  cannula  will  prevent  the  entrance  of  fluids  and  the  occurrence  of  inflammation.  It 
is  probable  that  a  partial  ^jaraZysis  of  the  2}uhnonary  vaso-motor  nerves  may  be  concerned  in  the 
inflanmiation,  as  this  conduces  to  an  engorgement  of  the  pulmonary  capillaries,  (c)  Lastly, 
it  is  of  consequence  to  determine  whether  trophic  fibres  are  present  in  the  vagus,  which  may 
influence  the  normal  condition  of  the  pulmonary  tissues.  According  to  Michaelson,  the 
pneumonia  which  takes  place  immediately  after  section  of  the  vagi  occurs  especially  in  the  lower 
and  middle  lobes  ;  the  pneumonia  which  follows  section  of  the  recurrents  occurs  more  slowly, 
and  causes  catarrhal  inflammation,  especially  in  the  upper  lobes.  Rabbits,  as  a  rule,  die  within 
twenty-four  hours,  with  all  the  symptoms  of  pneumonia ;  when  the  above-mentioned  precautions 
are  taken,  they  may  live  for  several  days.  Dogs  may  live  for  a  long  time.  If  the  9th,  lOth,  and 
12th  nerves  be  torn  out  on  one  side  in  a  rabbit,  death  takes  place  from  pneumonia  {Griinliagen). 
In  birds,  bilateral  section  of  the  vagi  is  not  followed  by  pneumonia  (Blainville,  Billroth), 
because  the  upper  larynx  remains  capable  of  closing  firmly — death  takes  place  in  eight  to  ten  days 
with  the  symptoms  of  inanition  {Einbrodt,  Zander,  v.  Anrep),  while  the  heart  undergoes  fatty 
degeneration  {Eichhorst),  and  so  do  the  liver,  stomach,  and  muscles  [c.  Anrep).  According  to 
Wassilieft',  the  heart  shows  cloudy  swelling  and  slight  wax-like  degeneration.  Frogs,  which  at 
every  respiration  open  the  glottis,  and  close  it  during  the  pause,  die  of  asphyxia.  Section  of 
the  pulmonary  branches  has  no  injurious  efiect  (Bidder).  [Unilateral  section  of  the  vagus  in 
rabbits  is  followed  within  forty-eight  honrs  by  the  appearance  of  yellowish-white  spots  on  the 
myocardium,  especially  near  the  interventricular  septum,  on  the  papillary  muscles,  and 
along  the  furrows  for  the  coronary  arteries.  The  muscular  fibres  exhibit  retrogressive  changes, 
whereby  their  striai  disappear;  they  become  swollen  up  and  filled  with  albuminous  granules. 
After  eight  to  ten  days,  the  interstitial  tissue  of  these  foci  becomes  infiltrated  with  small  I'ound 
granular  cells,  especially  near  the  blood-vessels.  At  a  later  stage,  the  interstitial  connective- 
tissue  increases  in  amount,  and  the  muscle  atrophies.  No  eflect  is  produced  by  section  of 
the  depressor  or  sympathetic,  and  Fautino  concludes  that  some  of  the  fibres  of  the  vagus  exert  a 
trojjhic  action  on  the  myocardium.] 

9.  The  oesophageal  plexus  (fig.  434,  r)  is  formed  principally  by  branches 
from  the  vagus  above  the  inferior  laryngeal,  from  the  pulmonary  plexus,  and  below 
from  the  trunk  itself.  This  plexus  supplies  the  oesophagus  with  motor  power 
(§  156),  the  sensibility  which  is  present  only  in  the  upper  part,  and  it  also  supplies 
fibres  capable  of  exciting  ivjlex  actions. 

10.  The  gastric  plexus  (oo)  consists  of  (a)  the  anterior  (left)  termination  of 
the  vagus,  which  supplies  fibres  to  the  oesophagus  and  courses  along  the  small 
curvature,  and  sends  a  few  fibres  through  the  portal  fissure  into  the  liver ;  (/;)  the 
posterior  (right)  vagus,  after  giving  off  a  few  fibres  to  the  oesophagus,  takes  part  in 
the  formation  of  the  gastric  plexus  to  which  (c)  symixithetic  fibres  are  added  at  the 
pylorus.  Section  of  the  vagi  is  followed  by  hyperaemia  of  the  gastric  mucous 
membrane  {Panuvi,  Pincits),  but  it  does  not  interfere  with  digestion  (Bidder  and 
Schmidt),  even  when  it  is  performed  at  the  cardia  [Kriizler,  Schif). 

11.  About  two-thirds  of  the  right  vagus  on  the  stomach  joins  the  cceliac 
plexus,  and  from  it  branches  accompany  the  arteries  to  the  liver,  spleen,  pancreas, 
duodenum,  kidney,  and  suprarenal  capsules.  The  vagus  supplies  motor  fibres  to  the 
stomach,  which  belong  to  the  root  of  the  vagus  itself  and  not  to  the  accessorius 
{Stilling,  Bischoff).  The  gastric  branches  also  contain  afferent  fibres,  which,  when 
stimulated,  cause  reflexly  a  secretion  of  saliva  (§  145).    It  is  undetermined  whether 
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they  also  cause  vomiting.  For  the  effect  of  the  vagus  upon  the  movements  of  the 
intestine  (see  §  161).  According  to  some  observers,  stimulation  of  the  vagus  is 
foUowed  by  movement  of  the  large  as  well  as  of  the  small  intestine  {Stilling, 
Knpffer,  C.  Ludwig,  Remak).  Stimulation  of  the  peripheral  end  of  the  vagus  causes 
contraction  of  the  smooth  muscular  fibres  in  the  capsule  and  trabecule  of  the  spleen 
(in  the  rabbit  and  dog,  §  103).  Stimulation  of  the  vagus  at  the  cardia  causes  in- 
crease in  the  secretion  of  urine  with  dilatation  of  the  renal  vessels,  while  the  blood  of 
the  renal  vein  becomes  more  arterial  (CI.  Bernard).  According  to  Kossbach  and 
Quellhorst,  a  few  vaso-motor  fibres  are  supplied  by  the  vagus  to  the  abdominal 
organs,  whilst  the  greatest  number  comes  from  the  splanchnic. 

12.  Reflex  Effects. — The  vagus  and  its  branches  contain  fibres,  some  of  which 
have  been  referred  to  already,  which  act  rejle.dy  (afferent)  upon  certain  nervous 
mechanisms. 

(a)  On  the  vaso-motor  centre  there  act  (a)  pressor  fibres  (especially  in  hotli  laryngeal  nerves), 
whose  stimulation  is  followed  by  a  reflex  contraction  of  the  arterial  blood-channels,  and  thus 
cause  a  rise  of  the  blood-pressure ;  (/8)  depressor  fibres  (in  the  depressor  or  the  vagus  itself), 
which  have  exactly  an  opposite  effect.  (This  subject  is  specially  referred  to  under  the  head  of 
the  Vaso-motor  ne.rvc-ccntre,  §371.) 

{h)  On  the  respiratory  centre  there  act  (a)  fibres  (pulnionaiy  branches)  whose  stimulation  is 
followed  by  ftar/(;?T<^io/i  of  the  respiration  ;  and  (/3)  inhihitorij  fibres  (in  both  laryngeals),  whose 
stimulation  is  followed  by  slowing  or  arrest  of  the  respiration.    (See  Respiratory  centre,  §  368.) 

(c)  On  the  cardio-inhibitory  system.— [When  the  central  end  of  one  vagus  is  stimulated, 
provided  the  other  vagus  is  intact,  the  heart  may  be  arrested  reflexly  in  the  diastolic  phase.] 
Mayer  and  Pribram  observed  that  sudden  distension  of  the  stomach  caused  slowing  and  oven 
arrest  of  the  heart,  while,  at  the  same  time,  there  was  contraction  of  the  arteries  of  the  medulla 
oblongata  and  increase  of  the  blood-pressure. 

{(1)  On  the  vomiting  centre. — This  centre  may  be  affected  by  stimulation  of  the  central  end 
of  the  vagus,  and,  as  already  mentioned,  by  stimulatioji  of  many  afferent  fibres  in  the  vagus 
(§  l-'^S). 

(e)  On  the  pancreatic  secretion. — Stimulation  of  the  central  end  of  the  vagus  is  followed  by 
arrest  of  this  secretion  (§  171). 

(/)  According  to  CI.  Bernard,  there  are  fibres  present  in  the  pulmonary  nerves,  which,  when 
they  are  stimulated,  increase  reflexly  the  formation  of  sugar  in  the  liver,  perhaps  through  the 
hepatic  branches  of  the  vagus. 

Unequal  Excitability. — The  various  branches  of  the  vagus  are  not  all  endowed  with  the  same 
degree  of  excitability.  If  the  peripheral  end  of  the  vagus  be  stimulated,  first  of  all  with  a  weak 
stimulus,  the  laryngeal  muscles  are  first  affected,  and  afterwards  the  heart  is  slowed  {EutJier- 
ford).  If  the  central  end  be  stimulated  with  feeble  stimuli,  the  "  excito-respiratory  "  fibres  are 
exhausted  before  the  "  inhibito-respiratory "  {Burkart).  According  to  Steiner,  the  variors 
fibres  are  so  arranged  in  the  vagus  that  the  afferent  fibres  lie  in  the  outer,  and  the  efferent  in 
the  inner,  half  of  the  trunk,  in  the  cervical  region. 

Pathological. — Stimulation  or  paralysis  in  the  area  of  the  vagus  must  necessarily  present  a 
very  different  picture  according  as  the  affection  is  referred  to  the  whole  trunk  or  only  to  some 
of  its  branches,  or  whether  the  affection  is  unilateral  or  bilateral.  Paralysis  of  the  pharynx 
and  oesophagus,  which  is  usually  of  central  or  intracranial  origin,  interferes  with  or  abolishes 
deglutition,  so  that  when  the  resophagas  becomes  filled  with  food  there  is  difficulty  of  breathing, 
and  the  food  may  even  pass  into  the  nasal  cavities.  A  peculiar  sonorous  gurgling  is  occasionally 
heard  in  the  relaxed  canal  (deglutatio  sonora).  In  incomplete  paralysis,  the  act  of  deglutition 
is  delayed  and  rendered  more  difficult,  while  large  masses  are  swallowed  more  easily  than  small 
ones.  Increased  contraction  and  spasmodic  stricture  of  the  oesophagus  are  referred  to  under  the 
phenomena  of  general  nervous  excitability  (§  186). 

Spasm  of  the  larsoigeal  muBcIes  causes  spasmodic  closure  of  the  glottis  {Spasmus  glottidis). 
This  condition  is  most  apt  to  occur  in  children,  and  takes  place  in  paroxysms,  with  symptoms 
of  dyspnoea  and  crowing  inspiration ;  if  the  case  be  very  severe,  there  may  be  nuiscular  con- 
tractions (of  the  eye,  jaw,  digits,  &c.).  The  symptoms  are  very  probably  due  to  the  reflex 
spasms  which  may  be  discharged  from  the  sensory  nerves  of  several  areas  (teeth,  intestine,  skin). 
The  impulse  is  conducted  along  the  sensory  nerves  proceeding  from  these  areas  to  the  medulla 
oblongata,  where  it  causes  the  discharge  of  the  reflex  mechanism  which  produces  the  above- 
mentioned  results.  There  may  be  spasm  of  the  dilators  of  the  glottis  and  other  laryngeal 
muscles  {Frdntzel). 

Stimulation  of  the  sensory  neryas  of  the  larynx,  as  is  well  known,  produces  coughing.  If 
the  stimulation  be  very  intense,  as  in  whooping-cough,  the  fibres  lying  in  the  laryngeal  nerves, 
which  inhibit  the  respiratory  centre,  may  also  be  stimulated  ;  the  number  of  respirations  is 
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diminished,  and  ultimately  the  respiration  ceases,  the  diaphragm  being  rela.ved  :  while,  with 
tlie  most  intense  stimulation,  there  maj-  be  spasmodic  expiratorj'  arrest  of  the  respiration  with 
closure  of  tlie  glottis,  which  ma)'  last  for  fifteen  seconds.  Paralysis  of  the  laryngeal  nerves, 
which  causes  disturbances  of  spccdt,  has  been  referred  to  in  §  313.  In  bilateral  imralysis  of  the 
recurrent  nerves,  in  conse([Uence  of  tension  upon  them  due  to  dilatation  of  the  aorta  and  the 
subclavian  artery,  a  considerable  amount  of  air  is  breathed  out,  owing  to  the  futile  efibrts  which 
the  patient  makes  in  trying  to  speak;  expectoration  is  more  difficult,  while  violent  coughing  is 
imjjo.ssible  {v.  Zicmssen).  Attacks  of  dyspnaa  occur  just  as  in  animals,  if  the  person  make 
violent  efforts.  Some  observers  {Salter,  Beryson)  have  referred  the  paroxysms  of  nervous 
asthma,  which  last  for  a  quarter  of  an  hour  or  more,  and  constitute  asthma  hronchiale,  to 
stimulation  of  the  pulmonary  plexus,  causing  spasmodic  contraction  of  the  bronchial  muscle  (§ 
106).  Physical  investigation  during  the  paroxysms  reveals  nothing  but  the  existence  of  some 
rhonchi  (§  117).  If  this  condition  is  really  spasmodic  in  its  nature  (?  of  the  vessels),  it  must  be 
usually  of  a  reflex  character  ;  the  afferent  nerves  may  be  those  of  the  lung,  skin,  or  genitals  (in 
hysteria).  Perhaps,  however,  it  is  due  to  a  temporary  paralysis  of  the  pulmonary  nerves 
(afferent),  which  excite  the  respiratorj'-  centre  (excito-respiratory). 

Stimulation  of  the  cardiac  branches  of  the  vagus  may  cause  attacks  of  temporary  suspension 
of  the  cardiac  conti'actions,  which  are  accompanied  by  a  feeling  of  great  ctepression  and  of 
impending  dissolution,  with  occasionally  pain  in  the  region  of  the  heart.  Attacks  of  this  sort 
may  be  produced  rc^c,"/;Z2/,  e.g.,  by  stimulation  or  irritation  of  the  abdominal  organs  (as  in  the 
experiment  of  Goltz  of  tapping  the  intestines).  Hennoch  and  Silliermann  observed  slowing  of 
the  action  of  the  heart  in  children  suff'ering  from  gastric  irritation.  Similarly,  the  respiration 
may  be  affected  reflexly  through  the  vagus,  a  condition  described  by  Hennoch  as  asthma 
dyspeptictun.  In  cases  of  intermittent  paralysis  of  the  cardiac  branches  of  the  vagus,  we  rarely 
find  acceleration  of  the  pulse  above  160  (Riegcl),  200  {Titcuck,  L.  Langer);  even  240  pulse-beats 
per  minute  have  been  recorded  {KiqJiKrt),  and  in  such  cases,  the  beats  vary  much  in  rhythm 
and  force,  and  they  are  very  irregular.  These  cases  require  to  be  more  minutely  analysed,  as  it 
is  not  clear  how  much  is  due  to  paralysis  of  the  vagus  and  how  much  to  the  action  of  the 
accelerating  mechanism  of  the  heart.  Little  is  known  of  affections  of  the  intra-abdominal 
fibres  of  the  vagus.  It  seems  that  the  sensory  branches  of  the  stomach  do  not  come  from  the 
vagus.  If  the  trunk  of  the  vagus  or  its  centre  be  paralysed,  there  are  laboured,  deep,  slow 
respirations,  such  as  follow  the  section  of  both  vagi  {Guttraann). 

353.  XI.  NERVUS  ACCESSORIUS  WILLISII.— Anatomical.— This  nerve  arises  by  two 
completely  separate  roots ;  one  from  the  accessoriuB  nucleus  of  the  medulla  oblongata 
(fig.  427,  11),  which  is  connected  with  the  vagus  nucleus  ;  while  the  other  root  arises  between 
the  anterior  and  posterior  nerve-roots  from  the  spinal  cord,  usually  between  the  5th  and  6th 
cervical  vertebrre.  In  the  spinal  cord,  its  fibres  can  be  traced  to  an  elongated  nucleus  lying  on 
the  outer  side  of  the  anterior  cornu,  as  far  downwards  as  the  5th  cer%dcal  vertebra.  Near  the 
jugular  foramen  both  portions  come  together,  but  do  not  exchange  fibres  {Holl)  ;  both  roots 
afterwards  separate  from  each  other  to  form  two  distinct  branches,  the  anterior  (inner),  which 
arises  from  the  medulla  oblongata,  passing  en  masse  into  the  plexus  gangliiformis  vagi.  This 
branch  supplies  the  vagus  with  most  of  its  motor  fibres  (compare  §  352,  3),  and  also  its  cardio- 
inhibitory  fibres  (fig.  433).  [The  upper  cervical  metameres  or  segments  give  origin  not  only  to 
the  anterior  and  posterior  roots  of  the  corresponding  nerve-roots,  but  between  these  roots  arise  the 
roots  of  the  spinal  accessory  nerve.  This  nerve  contains  large  medullated  nerve-fibres,  and  fine 
raedullated  fibres  sitch  as  characterise  the  visceral  branches  of  the  thoracic  and  sacral  regions 
(§  356).  The  nerve  passes  by  the  jugular  ganglion  of  the  vagus,  then  divides  into  the  external  and 
internal  branch.  All  the  large  fibres  pass  into  the  external  branch,  which,  along  with  branches 
from  the  cervical  plexus,  supjily  the  sternomastoid  and  trapezius.  The  internal  branch,  com- 
posed of  small  fibres,  passes  into  the  ganglion  of  the  trunk  of  the  vagus.  Gaskell  therefore 
regards  the  internal  branch  "as  formed  by  the  rami  viscerales  of  the  upper  cervical  and  vagus 
nerves. "  These  fine  medullated  nerve-fibres  probably  arise  from  the  cells  of  the  posterior  vesicular 
column  of  Clarke.  The  motor  fibres  to  the  trapezius  and  sternomastoid  arise  from  the  cells 
of  the  lateral  horn  of  grey  matter.] 

If  the  accessorius  be  pulled  out  by  the  root  in  animals,  the  cardio-inhibitory 
fibres  undergo  degeneration.  If  the  trunk  of  the  vagus  be  stimulated  in  the  neck 
four  to  five  days  after  the  operation,  the  action  of  the  heart  is  no  longer  arrested 
thereby  [owing  to  the  degeneration  of  the  cardio-inhibitory  fibres]  ( Waller,  Schif, 
Daszkieu'icz,  Heidenhain) ;  according  to  Heidenhain,  the  heart-beats  are  accelerated 
immediately  after  pulling  out  the  nerve. 

The  external  branch  arises  from  the  spinal  roots.  This  nerve  communicates 
with  the  sensory  branches  of  the  posterior  root  of  the  1st,  more  rarely  of  the  2nd 
cervical  nerve,  and  these  fibres  supply  sensibility  to  the  muscles  ;  it  then  turns 
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backwards  above  the  transverse  process  of  the  atlas,  and  terminates  as  a  motor 
nerve  in  the  sternomastoid  and  trapezius  (fig.  433).  The  latter  muscle  usually 
receives  motor  fibres  also  from  the  cervical  plexus  (fig.  429). 

The  external  branch  communicates  with  several  cervical  nerves.  These  fibres  either  partici- 
pate in  the  innervation  of  the  above-named  muscles,  or  the  accessorius  returns  part  of  the 
sensory  fibres  supplied  by  the  posterior  roots  of  the  two  upper  cervical  nerves. 

Pathological.— Stimulation  of  the  outer  branch  causes  tonic  or  clonic  spasm  of  the  above- 
named  muscles,  usually  ou  one  side.  If  the  branch  to  the  sternomastoid  be  atl'ected  alone,  the 
Lead  is  moved  with  each  clonic  spasm.  If  the  allectiou  be  bilateral,  the  spasm  usually  takes 
]«laee  on  opposite  sides  alternately,  while  it  is  rare  to  have  it  on  both  sides  sinniltaneously.  In 
spasm  of  the  trapezius  the  head  is  drawn  backwards  and  to  the  side.  Tonic  contraction  of  the 
llexors  of  the  head  causes  the  characteristic  position  of  the  head  known  as  caput  obstipum 
(spasticum)  or  wryneck.  In  parali/sis  of  one  of  these  muscles,  the  head  is  drawn  towards  the 
sound  side  (torticollis  paralyticus).    Paralysis  of  tiie  trapezius  is  usually  only  i)artial. 

Paralysis  of  the  -whole  tiiink  of  the  spinal  accessory  (usually  caused  liy  central  conditions), 
besides  causing  paralysis  of  the  sternomastoitl  and  trapezius,  also  paralyses  the  motor  branches 
of  the  vagus  already  referred  to  {£7-b,  Friiakel). 

354.  Xn.  NERVUS  HYPOGLOSSUS.— Anatomical.— It  arises  from  two  largc-ccllecl 
within  the  lowest  part  of  the  calamus  scriptorius,  and  one  adlommg  small-celled  nucleus  {Roller), 
while  additional  fibres  come  from  the  brain  (§  378),  and  also  perhaps  from  the  olive  (fig.  427,  12). 
It  springs  by  10  to  15  twigs  in  a  line  with  the  anterior  roots  of  the  spinal  nerve  (fig.  420,  IX.). 
In  its  development  part  of  the  hypoglossal  behaves  as  a  spinal  nerve  {Froriep). 

Function. — It  is  motor  to  all  the  muscles  of  the  tongue,  including  the 
geniohyoid  and  thyrohyoid. 

Connections. — The  trunk  of  the  hypogio.ssal  is  connected  with — (1)  the  siqjerior  cervical 
ganglion  of  the  sympathetic,  which  supplies  it  with  vaso-motor  fibres  for  the  blood-vessels  of  the 
tongue.  After  section  of  the  hypoglossal  and  lingual  nerves,  the  corresponding  half  of  the 
tongue  becomes  red  and  congested  {Schiff).  (2)  There  is  also  a  branch  from  the  plexus  ganglii- 
formis  vagi,  its  small  lingual  branch  to  the  commencement  of  the  hypoglossal  arch.  These 
fibres  supply  the  hypoglossal  with  sensory  fibres  for  the  muscles  of  the  tongue,  for  even  after 
section  of  the  lingual  the  tongue  still  possesses  dull  sensibility.  It  is  uncertain  whether  fibres 
with  a  similar  function  are  partly  derived  from  the  cervical  nerves  or  from  the  anastomosis 
which  takes  place  with  the  lingual.  (.3)  It  is  united  with  the  U2)})cr  cervical  nerves  by  means 
of  the  loops  known  as  the  ansa  hypoglossi.  These  connecting  fibres  run  in  the  descendens  noni 
to  the  sternohyoid,  omohyoid,  anil  sternothyroid.  Cervical  fibres  do  not,  as  a  rule,  enter  the 
tongue  ;  stimulation  of  the  root  of  the  liy])oglossal  acts  upon  the  above-named  muscles  only 
very  rarely  and  to  a  very  slight  extent  {Volkmann).    (Compare  §  297,  3,  and  §  336,  III.). 

Bilateral  section  of  the  nerve  causes  complete  motor  paralysis  of  the  tongue. 
Dogs  can  no  longer  lap,  they  bite  the  flaccid  tongue.  Frogs,  which  seize  their 
prey  with  the  tongue,  must  starve  ;  when  the  tongue  hangs  from  the  mouth,  it 
must  })revent  the  closure  of  the  mouth,  so  that  these  animals  must  die  from 
asphyxia,  as  air  is  pumped  into  the  lungs  only  when  the  mouth  is  closed. 

Pathological. — Paralysis  of  the  hypoglossal  (glossoplegia),  which  is  usually  central  in  its 
origin,  causes  disturbance  of  speech  (§  319).  [In  unilateral  palsy,  the  tongue  lies  in  the  mouth 
in  its  normal  position,  but  the  base  is  more  prominent  on  the  paralysed  side.  When  the 
tongue  is  protruded,  it  passes  to  the  sound  side  hy  the  genio-hyoglossus  (g  155).]  Paralysis  of 
the  tongue  also  interferes  with  mastication,  the  formation  of  the  bolus  in  the  mouth,  and  degluti- 
tion in  the  mouth.  Owing  to  the  imperfect  movements  of  the  tongue,  tas/c  is  imperfect,  and 
the  singing  of  high  notes  and  the  falsetto  voice,  which  require  certain  positions  of  the  tongue, 
appear  to  be  impossible  [Bcnnati). 

Spasm  of  the  tongue,  which  causes  aphthongia  (§  318),  is  usually  reflex  in  its  origin,  and  is 
extremely  rare.  Idiopathic  cases  of  spasm  of  the  tongue  have  been  described  ;  the  seat  of  the 
irritation  lay  either  in  the  cortex  cerebri  or  in  the  oblongata  {Bcrger,  E.  Remak).  For  Pseudo- 
motor  Action,  p.  601. 

355.  THE  SPINAL  NERVES.— Anatomical.— The  thirty-one  pairs  of  spinal  nerves  arise  * 
by  means  of  a  posterior  [superior,  gangliated]  root  (consisting  of  a  few  large  rounded  bundles), 
from  the  sulcus  between  the  posterior  and  lateral  columns  of  the  spinal  cord,  and  by  means  of 
an  anterior  [inferior,  non-gangliated]  root  (consisting  of  numerous  fine  flat  strands),  from  the 
furrow  between  the  anterior  and  lateral  columns,  fig.  435.  The  posterior  roots,  with  the 
exception  of  the  1st  cervical  nerve,  are  the  larger.  Occasionally  the  roots  on  opposite  sides  are 
not  symmetrical  ;  one  or  other  root,  or  even  a  whole  nerve,  may  be  absent  from  the  dorsal 
region  {Adamkiewicz).    On  the  posterior  root  is  the  spindle-shaped  spinal  ganglion  (§  321,  II., 


6i6 


MORPHOLOGY  OF  A  SPINAL  KERVE. 


3)  which  is  occasionally  double  on  the  lumbar  and  sacral  nerves.  Beyond  the  ganglion,  ^le 
t\vo  roots  unite  to  form  within  the  spinal  canal  the  mixed  trunk  of  a  spinal  nerve  ihe 
l)ranches  of  the  nerve-trunk  invariably  contain  fibres  coming  from  both  roots.  Ihe  number  ot 
fibres  in  the  nerve-trunk  is  exactly  the  same  as  in  the  two  roots  ;  hence,  we  must  conclude  that 
the  nerve-cells  in  the  spinal  ganglion  are  intercalated  in  the  course  of  the  fibres  {Gaulc  and 

"^'■NTarieties.  — The  spinal  ganglion  is  sometimes  double,  and  according  to  Hyrtl,  isolated 
ganglionic  cells  frequently  occur  in  the  posterior  root,  between  the  ganglion  and  the  cord. 
Occasionally  the  roots  are' somewhat  unsymmetrical  on  opposite  sides  ;  in  the  dorsal  part  one 
or  other,  or  both  roots  of  a  sjiinal  nerve  are  sometimes  absent  (Adamkim-ic-:). 

[Morphology  of  the  Spinal  Nerves  and  Limb-Plexuses.— A  typical  segmental  spinal  nerve 
(ficr  435)  divides,  after  its  formation,  into  three  parts,  a  dorsal  branch,  or  superior  pnmaiy 
"  division,  distributed  to  the  back,  a  soma- 

tic brand),  or  inferior  primary  division, 
supplying  the  body-wall  or  limbs  ;  and 
a  splanchnic  or  visceral  branch,  or  ramus 
communicans,  connected  with  the  sym- 
pathetic gangliated  cord,  and  distributed 
to  the  large  vessels  and  viscera.  The 
somatic  branch  is  the  largest,  and  is 
generally,  by  human  anatomists,  sjioken 
of  as  the  "anterior  primary  division." 
In  the  thoracic  and  upper  lumbar  regions, 
the  distribution  of  this  nerve  is  simple. 
It  divides  into  an  external  (or  lateral) 
branch,  and  an  internal  (or  anterior) 
branch,  which  supply  respectively  the 
lateral  and  anterior  portions  of  the  tho- 
racic and  abdominal  walls.] 

[In  the  region  of  the  neck,  and  in  re- 
lation to  the  limbs,  the  arrangement  of 
thesomatic  branchesbecomes  complicated 
by  the  formation  of  the  plexuses.  In 
the  embryo,  however,  the  distribution  of 
the  nerves  is  simpler,  and  a  comparison 
can  be  made  both  with  the  adult  arrange- 
ment, and  with  the  typical  nerve  as  seen 
in  the  thoracic  region.    In  the  embryo, 
the  neck  as  such  does  not  exist,  and  the 
upper  limb  sprouts  out  directly  beyond  the  segmented  visceral  arches.     In  this  state,  the 
somatic  branch  is  distributed  as  in  the  thoracic  region  ;  the  nerve  divides  into  an  external  and 
an  internal  branch,  distributed  to  the  side  and  front  of  the  coiTcspouding  part  of  the  arches 
in  the  neck,  in  the  regions  where  the  limbs  are  appearing  as  two  flattened  buds  from  the  ventro- 
lateral aspect  of  the  body.    The  somatic  branch  sweeps  round  into  the  blastema  forming  the 
limb,  ami  divides  into  its  two  branches,  external  and  internal,  or  dorsal  and  ventral,  which 
are  distributed  to  the  outer  (dorsal)  and  inner  (ventral)  surfaces,  respectively,  of  the  primitive 
limb.    At  this  time,  the  cartilaginous  and  muscular  elements  of  the  limb  have  not  become 
differentiated.    While  this  is  occurring,  the  dorsal  and  ventral  parts  of  the  somatic  branches 
of  the  nerves  entering  the  limb  unite  with  adjacent  dorsal  and  ventral  branches,  in  various  com- 
binations, so  as  to  produce  the  limb-plexuses.    The  nerves  resulting  from  these  combinations 
are  distributed  to  the  primitive,  dorsal,  and  ventral  surfaces  of  the  limbs.    Thus,  the  plexuses 
are  formed,  and  the  peripheral  distril)ution  of  the  nerves  has  taken  place  before  the  period  of 
flexion  and  angulation  of  the  limbs.    These  processes  mark  the  conditions  in  the  adult ;  but 
even  then  it  is  easy  to  make  out  that  the  nerves  in  the  upper  limb  derived  from  the  posterior 
(dorsal)  cords  of  the  brachial  plexus  supply  the  scapular  region,  extensor  surface  of  the  arm 
and  fore-arin,  and  the  back  of  the  hand, — parts  which  are  tlerived  from  the  dorsal  surface  of 
the  primitive  limb  ;  while  the  nerves  jnoduced  from  the  anterior  (ventral)  cords  supply  the 
]iectoral  legion,  front  of  the  arm,  fore-arm,  and  hand, — parts  representing  the  primitive  ventral 
surface.  ] 

[In  the  lower  limb,  the  nerves  derived  from  a  union  of  the  posterior  branches  are  the  external 
cutaneous,  anterior  crural,  gluteal,  and  external  popliteal.  These  supply  the  iliac  surfaces,  the 
front  of  the  thigh,  leg,  and  foot,— belonging  to  tbe  primitive  dorsal  surface  of  the  limb. 
The  nerves  formed  by  the  union  of  anterior  branches, — genitocrural,  obturator,  and  internal 

]iopliteal,  in  like  manner  supply  the  parts  of  the  limb  corresponding  to  the  ventral  surface,  

the  inner  side  and  back  of  the  thigh,  the  back  of  the  leg,  and  the  sole  of  the  foot  {A.  'm. 
Paterson).] 

[Structure  of  a  Spinal  Ganglion.  —The  ganglion  is  invested  by  a  thin,  firmly  adherent,  sheath 


Fig.  435. 

Diagram  of  a  spinal  nerve ;  C,  .spinal  cord  ;  pr,  ar, 
posterior  and  anterior  roots  ;  SPD,  IPD,  superior 
and  inferior  primary  divisions  ;  d,  v,  dorsal  and 
ventral  branches  ;  sr,  sympathetic  root  (Eoss). 
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of  connective-tissue,  which  sends  processes  into  the  swelling,  and  is  continuous  with  tlie  sheatlis 


In  mammals,  cjj.,  rabbit,  a  longi- 
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of  the  nerve  entering  and  leaving  the  ganglion  (fig.  436,  c] 
tudinal  section  of  such  a  ganglion  exhibits  the  cells 
arranged  in  groups,  with  strantls  of  nerve-fibres  coursing 
longitudinally  between  them  (fig.  436,  a,  b).  The  nerve- 
cells  are  usually  globular  in  form,  with  a  distinct  capj-ule 
lined  with  epitlielium,  and  the  cell-substance  itself  eon- 
tains  a  well-defined  nucleus  witli  a  nuclear  enveloi)e  and 
a  nucleolus.  The  capsule  of  the  cell  is  continuous  with 
the  sheath  of  Schwann  of  a  nerve-fibre.  The  exact  relation 
between  the  nerve-fibres  and  the  nerve-cells  is  difficult  to 
I'stablish,  but  it  is  probable  that  each  nerve-cell  is  con- 
nected with  one  nerve-fibre,  i.e.,  they  are  unipolar.  In 
the  spinal  ganglia  of  the  vertebrates  above  fishes,  and  also 
in  tlic  Gasserian  ganglic  "  "  -  ■  -  - 
l>rocess  or  fibre  attached 

not  unfrequently  coiling  a  lew  nines  wunin  tlie  cap; 
This  process,  after  emerging  from  the  capsule,  becomes 
coated  with  myelin,  and  usually  soon  divides  at  a  node  of 
Ranvier  (fig.  341,  t).  Ranvier,  who  first  observed  this 
arrangement,  describes  it  as  a  T-shaped  fibre.  These 
nerve-cells  with  T-shaped  fibres  have  been  observed  in  the 
spinal  ganglia  of  all  vertebrates  above  fishes,  in  the  Gas- 
serian and  geniculate  ganglia,  as  well  as  in  the  jugular 
and  cervical  ganglia  of  the  vagus.  In  fishes,  the  nerve- 
cells  of  the  spinal  ganglia  are  bipolar  (fig.  368,  4).  There 
is  a  rich  plexus  of  capillaries  in  these  ganglia,  and  each 
cell  is  surrounded  by  a  mesh-work  of  capillaries,  which 
never  penetrate  the  cell  capsules.] 

Bell's  Law.— Sir  Charles  Bell  discovered  (1811) 
that  the  anterior  roots  of  the  spinal  nerves  are 
motor,  the  posterior  are  sensory. 

Recurrent  Sensibility. — Magendi6  discovered 
(1822)  the  remarkable  fact  that  sensory  jihres  are 
also  present  in  the  anterior  roots,  so  that  their 
stimulation  causes  i)ain.    Tliis  is  due  to  the  fact  Longitudinal  section  of  a  spinal  gan- 
.1    ,  •  .    .1        i.    •  ^    £.        glion.  a, nerve-fibre:  0,  nerve-cells; 

that  sensory  nbres  pass  into  the  anterior  root  alter    "  capsule 

the  two  roots  have  joined,  and  these  fibres  run  in 

the  anterior  root  in  a  centripetal  direction  {Schiff,  CI.  Bernard),  The  sensibility  of 
the  anterior  root  is  abolished  at  once  by  section  of  the  posterior  root.  This  condition 
is  called  "  recurrent  sensibility  "  of  the  anterior  root.  When  the  sensibility  of  the 
anterior  root  is  abolished,  so  is  the  sensibility  of  the  surface  of  the  spinal  cord  in  the 
neighbourhood  of  the  root.  A  long  time  after  section  of  the  anterior,  and  when  the 
degeneration  phenomena  have  had  time  to  develop  (§  325),  a  few  non-degenerated 
sensory  fibres  are  always  to  be  found  in  the  central  stump  {Srhijf,  Vulpian). 
Schiff  found  that,  in  cases  where  the  motor  fibres  had  undergone  degeneration, 
there  were  always  non-degenerated  fibres  to  be  found  in  the  anterior  root,  which 
passed  into  the  membranes  of  the  spinal  cord.  The  sensory  fibres  pass  into  the 
motor  root,  either  at  the  angle  of  union  of  the  roots,  or  in  the  plexus,  or  in  the 
region  of  the  peripheral  terminations.  Sensory  fibres  enter  many  of  the  branches 
of  the  motor  cranial  nerves  at  their  periphery,  and  afterwards  run  in  a  centripetal 
direction  (p.  602).  Even  into  the  trunks  of  sensory  nerves,  sensory  branches  of 
other  sensory  nerves  may  enter.  This  explains  the  remarkable  observation,  that 
after  section  of  a  nerve  trunk  {e.g.,  the  median),  its  peripheral  terminations  still 
retain  their  sensibility  {Arloing  and  Tripier).  The  tissue  of  the  motor  and  sensory 
nerves,  like  most  other  tissues  of  the  body,  is  provided  with  sensory  nerves  {Nervi 
nervorum,  p.  530). 

[It  does  not  follow  that  section  of  a  peripheral  cutaneous  nerve  will  cause  antesthesia  in  the 
part  to  which  it  is  distributed  ;  in  fact,  one  of  the  principal  nerve  trunks  of  the  brachial  plexus 
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may  be  divided  without  giviuf;  rise  to  complete  aiuiistliesia  in  any  part  of  the  area  of  distribu- 
tion of  the  sensory  branches  of  the  nerve,  and  even  if  there  be  partial  or  complete  cutaneous 
aiKvsthesia,  it  is  nuicli  less  in  extent  than  corresponds  to  the  anatomical  area  of  distribution. 
The  aniesthetic  area  tends  to  become  smaller  in  extent  (lioss).  Thus,  there  is  not  complete 
independence  in  tlie  distribution  of  these  nerves.  These  results  are  explained  by  the  anas- 
tomosis between  branches  of  nerves,  the  exchange  of  fibres  in  the  terminal  networks,  \yhile  some 
sensory  fibres  enter  the  peripheral  parts  of  a  nerve  and  run  centripctally,  perhaps  being  distri- 
butetl  to  the  skin  and  conferring  recurrent  sensibility  on  the  peripheral  part  of  the  nerve.] 

Relative  Position  of  Motor  and  Sensory  Fibres. — In  embryos  (rabbit)  the  motor  fibres  stain 
more  deeply  with  carmine  than  the  sensory  fibres,  so  that  the'ir  position  in  the  peripheral  nerves 

of  distribution  may  thereby  be  made  out.  In  the 
anterior  branch  of  a  spinal  nerve,  the  sensory  fibres 
lie  in  the  outer  part  of  the  branch,  the  motor  in  the 
inner  part  ;  while  this  relation  is  reversed  in  the 
posterior  root  {L.  Lowe). 

Deduction  from  Bell's  Law. — Careful  ob- 
servations of  the  effects  of  section  of  the  root.s 
of  the  spinal  nerves  [Magendie,  1822),  as  well 
as  the  discovery  of  the  reflex  relation  of  the 
stimulation  of  the  sensory  roots  to  the  ante- 
rior, constituting  reflex  movements  {Marshall 
Hall,  Johannes  Miiller,  1832),  enable  us  to 
deduce  the  following  conclusions  from  Bell's 
law : — 1.  At  the  moment  of  section  of  the 
anterior  root,  there  is  a  contraction  in  the 
muscles  supplied  by  this  root.    2.  There  is  at 
the  same  time  a  sensation  of  pain  due  to  the 
"  recurrent  sensibility."    3.  After  the  section, 
the  corresponding  muscles  are  'paralysed.  4. 
Stimulation  of  the  peripheral  trunk  of  the 
anterior  root  (immediately  after  the  operation) 
causes  contraction  of  the  muscles,  and  eventu- 
ally pain,  owing  to  the  recurrent  sensibility. 
5.  Stimulation  of  the  central  end  is  ivithout 
effect.    C.  The  sensibility  of  the  paralysed 
parts  is  retained  completely.    7.  At  the  mo- 
ment of  section  of  the  posterior  root,  there 
is  severe  pain.    8:  At  the  same  time  move- 
ments are  discharged  reflexly.    9.  After  the 
section,  all  parts  supplied  by  the  divided  roots 
are  devoid  of  sensibility.    10.  Stimulation  of 
the  peripheral  trunk  of  the  divided  nerve  is 
without  effect.    1 1.  Stimulation  of  the  central 
end  causes  ^jam  and  rejiex  movements.  12. 
The  central  end  ultimately  degenerates.  13. 
Movement  is  retained  completely  in  the  para- 
lysed parts,  e.g.,  in  the  extremities. 

The  ultimate  effect,  known  as  Wallerian 
degeneration,  which  follows  section  of  the 
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Fig.  437. 

Distribution  of  the  cutaneous  nerves  of  the 
arm.  A,  Dorsal  surface — 1  so,  supi-a- 
clavicular  ;  3  a:r,  axillary  ;  3  cps,  supe- 
rior posterior  cutaneous  ;  4  and,  median 
cutaneous  ;  5  cpi,  inferior  posterior  cu- 
taneous ;  6  cm,  median  cutaneous  ;  7 
cl,  lateral  cutaneous  ;  8  u,  ulnar  ;  9  ra, 
radial  ;  10  me,  median.  B,  volar  sur- 
face— 1  sc,  supra-clavicular ;  2  ax, 
axillary  ;  3  cmd,  internal  cutaneous  ;  4 
cl,  lateral  cutaneous  ;  5  cm,  cutaneous 
medius  :  6  me.  median  :  7  n,  ulnar. 


nerve  or  its  roots,  is  referred  to  in  §  325. 


Recently,  Joseph  has  slightly  modified  the 
statements  of  Waller  on  the  degeneration  in  the  posterior  roots.  According  to  him, 
the  spinal  ganglion  is  the  nutritive  centre  for  by  far  the  largest  number  of  the  fibres 
of  this  root ;  but  individual  fibres  traverse  the  ganglion  without  forming  connec- 
tions with  its  cells,  so  that  the  nutritive  or  trophic  centre  for  this  small  number  of 
nerve-fibres  is  in  the  spinal  cord. 
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Inco-ordinated  Movements  of  Insensible  Limbs.— After  section  of  the  posterior  roots,  e.g.,. 
of  the  nerves  lor  the  posterior  extremities,  the  nuiscles  retain  their  movements,  nevertheless 
there  are  characteristic  tlisturbance.s  of  their  motor  power.    This  is  expressed  in  the  awkward 


manner  in  which  the  animal  executes  its  movement 
and  elegance  of  motion.  This  is  due  to  the  fact 
that,  owing  to  the  absence  of  the  sensibility  of  the 
muscles  and  skin,  the  animal  is  no  longer  conscious 
of  the  resistance  which  is  opposed  to  its  movements. 
Hence,  the  degree  of  muscular  energj'  necessary  for 
any  particular  effort  cannot  be  accurately  gradu- 
ated. Animals  wliich  have  lost  the  sensibility  of 
their  extremities  often  allow  their  limbs  to  lie  in 
abnormal  positions,  such  as  a  healthy  animal  would 
not  tolerate.  In  man  also,  when  the  peripheral 
ends  of  the  cutaneous  nerves  are  degenerateil,  there 
are  ataxic  phenomena  (§  364,  3). 

Increased  Excitability. — Harless  (185S),  Ludwig, 
and  Cyon  (controverted  by  v.  Bezold,  IJsjiensky, 
Griinhagen,  and  G.  Heidenhain)  observed  that  the 
anterior  root  is  more  excitable  as  long  as  the  pos- 
terior roots  remain  intact  and  are  sensitive,  and 
that  their  excitability  is  diminished  as  soon  as  the 
posterior  roots  are  divided.  In  order  to  explain 
this  phenomenon,  we  must  assume  that,  in  the 
intact  body,  a  series  of  gentle  impulses  (impres- 
sions of  touch,  temperature,  position  of  limbs,  &c.) 
are  continuously  streaming  through  the  posterior 
roots  to  the  spinal  cord,  where  they  are  transferred 
to  the  motor  roots,  so  that  a  less  stimuUis  is  required 
to  excite  the  anterior  roots  than  when  these  reflex 
impulses  of  the  posterior  root,  which  increase  the 
excitability,  are  absent.  Clearly,  a  less  stimulus 
will  be  required  to  excite  a  nerve  already  in  a  gentle 
state  of  excitement  than  in  the  case  of  a  fibre  which 
is  not  so  excited.  In  the  former  case,  the  dis- 
charging stimulus  becomes  as  it  were  superposed  on 
the  excitement  already  ])resent.    (Compare  §  362.) 

The  anterior  roots  of  the  spinal  nerves 
supply  efferent  fibres  to — 

1.  All  the  voluntary  muscles  of  the  trunk 
and  extremities. 

Every  muscle  always  receives  its  motor  fibres  from 
scfcraZ. anterior  roots  (not  from  a  single  nerve-root). 
Hence,  every  root  supplies  liranches  to  a  particular 
group  of  muscles  [Prcycr,  P.  Bert,  Gnd).  The  ex- 
periments of  Feri  ier  and  Yeo  show  that  stimulation 
of  each  of  the  anterior  roots  in  apes  (l)rachial  and 
lumbo-sacral  plexuses)  caused  a  complex  co-ordi- 
nated movement.  Section  of  one  root  did  not  cause 
complete  paralysis  of  the  muscles  concerned  in 
these  co-ordinated  movements,  although  the  force 
of  the  movement  was  impaired.  These  experiments 
confirm  the  results  of  clinical  observation  on  man. 
The  fibres  for  groups  of  muscles  of  different  func- 
tions {e.g.,  for  flexors,  extensors)  arise  from  special 
limited  areas  of  the  spinal  cord.  The  cervical  and 
lumbar  enlargements  of  the  spinal  cord  are  great 
centres  for  highly  co-ordinated  muscular  move- 
ments. 


it  has  lost  to  a  large  extent  its  harmony 
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Fig.  438. 

Distribution  of  the  cutaneous  nerves  of  the 
leg  (after  Hcnlc).  A,  Anterior  surface 
— 1,  crural  nerve ;  2,  external 
cutaneous  ;  3,  ilio-inguinal  ;  4, 
inguinal  ;  5,  external  spermatic  ; 
terior  cutaneous  ;  7,  obturator  ; 
saphenous;  9,  communicating  peroneal 
10,  superficial  peroneal;  11,  deep  peroneal; 
12,  communicating  tibial.  B,  Posterior 
surface — 1,  posterior  cutaneous  ;  2,  ex- 
ternal femoral  cutaneous  ;  3,  obturator  ; 

4,  median  jtosterior  femoral  cutaneous  ; 

5,  communicating  peroneal  ;  6,  great 
saphenous  ;  7,  communicating  tibial  ;  8, 
plantar  cutaneous  ;  9,  median  plantar  ; 

2.  The  anterior  roots  also  supply  motor     1^,  lateral  plantar. 

fibres  for  a  number  of  organs  provided  with  smooth  muscular  fibres,  e.f/.,  the  bladder 
(§  280),  ureter,  uterus.  [These  are  the  viscero-motor  nerves  of  Gaskell,  and  from 
them  come  also  viscero-inhibitory  nerves.] 

3.  Motor  fibres  for  the  smooth  muscular  fibres  of  the  Uood-vesseh,  the  vaso- 
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motor,  vaso-constrictor,  or  vaso-hypertonic  nerves  [also  accelerator  or  augmentor 
nerves  of  the   heart].    They  run  in  the  sympathetic  for  a  part  of  their  course 
371) 

4.  Inhibitory  fibres  for  the  blood-vessels.  These  are  but  imperfectly  known. 
They  are  also  called  vaso-dilator  or  vaso-hypotonic  nerves  (§  372).  [Also  inhibitory 
nerves  for  the  heart,  which  leave  the  spinal  axis  in  the  vagus.] 

.5.  Secretory  fibres  for  the  sweat-glands  of  the  skin  289).  For  a  part  of  their 
course  they  run  in  the  sympathetic. 

6.  Trophic  fibres  of  the  tissues  (§  342,  I.,  '■). 

The  posterior  roots  contain  all  the  sensory  nerves  of  the  whole  of  the  skin  and 
the  internal  tissues,  except  the  front  part  of  the  head,  face,  and  the  internal  part  of 
the  head.  They  also  contain  the  tactile  nerves  for  the  areas  of  the  skin  already 
mentioned.  Stimuli  which  discharge  rejiex  viovements  are  conducted  to  the  spinal 
cord  through  the  posterior  roots.  The  sensory  fibres  of  a  mixed  nerve-trunk  supply 
the  cutaneous  area,  which  is  moved  by  those  muscles  (or  which  covers  those  muscles) 
to  which  the  same  branch  supplies  the  motor  fibres.  The  special  distribution 
of  the  motor  and  sensory  nerves  of  the  body  belongs  to  anatomy  (figs.  429,  430, 
437,  438). 

[Physiology  of  the  Limb-Plexuses. — The  idea  that  the  nerve-strands  become  rearranged  in  the 
limb-plexuses  so  as  to  connect  nerves  derived  from  different  parts  of  the  spinal  cord  with 
particular  groups  of  muscles,  in  order  to  allow  of  "co-ordination  of  muscular  action,"  does  not 
seem  to  be  borne  out  by  more  extended  observation.  Herringham  has  shown  by  dissection  (and 
the  same  is  seen  in  cases  of  paralysis  of  motion  and  sensation)  that  a  given  muscle  or  part  of  a 
muscle,  and  a  given  spot  of  skin,  are  supplied  by  particular  branches  of  individual  spinal  nerves 
proceeding  directly  from  the  spinal  cord.  The  reason  that  the  plexuses  exist  is,  apparently,  not 
a  phj'siological  one.  Co-ordination  cannot  be  effected  in  the  plexus,  where  the  axis-cylinders 
of  the  nerves  do  not  divide  ;  but  only  in  the  spinal  cord  and  central  nervous  system,  and 
through  the  intervention  of  nerve-cells.  The  existence  of  the  plexuses  is  due  to  the  fact  that 
embryologically  the  limb  consists  of  a  flattened  lappet,  or  bud,  derived  from  certain  somites,  but 
at  first  presenting  no  signs  of  segmentation,  with  a  preaxial  and  a  postaxial  border,  and  outer 
(dorsal)  and  inner  (ventral)  surfaces  of  skin,  covering  a  doirble  layer  of  muscle  on  each  surface. 
The  dorsal  and  ventral  branches  of  the  nerves  supply  these  respective  surfaces  ;  and  after  the 
nerves  have  grown  out,  the  simple  muscular  strata  become  split  up  into  individual  muscles, 
which  contain  elements  derived  from  one  or  more  segments  represented  in  the  primitive  limb. 
Each  nerve  is  segmental,  and,  therefore,  supplies  a  muscle  derived,  for  example,  from  the 
elements  of  two  segments  ;  the  nerve  of  distribution  must  contain  corresponding  parts  of  two 
segmental  nerves.  The  plexu.ses  appear,  therefore,  from  an  embryological  cause,  and  have  no 
direct  physiological  significance  [A,  M.  jPaterson).'] 

356.  THE  SYMPATHETIC  NERVE.— [Anatomical.— The  sympathetic  nervous  system 
contains  a  large  number  of  non-medullated  or  Eemak's  iibres,  and  consists  of  a  series  of  ganglia 
lying  on  each  side  of  the  vertebral  column  and  connected  with  each  other  by  inter-ganglionic 
fibres.  The  typical  distribution  obtains  in  the  thoracic  region,  where  the  lateral  or  vertebral 
ganglia  lie  close  on  the  vertebr.T?.  In  front  of  this  is  a  second  series  of  ganglia,  which  do  not 
form  a  double  line,  but  are  connected  with  the  former  and  with  each  other.  They  are  the  pre- 
vertebral or  collateral  ganglia,  e.g.,  semilunar,  inferior  mesenteric,  &c.,  the  nerves  connecting 
them  with  the  former  being  called  rami  etferentes.  From  these,  fibres  proceed  to  connect  them 
with  ganglia  lying  in  or  about  tissues  or  organs — the  terminal  ganglia  {GaskcU).'] 

[Each  spinal  nerve  in  this  region  is  connected  with  its  corresponding  sympathetic  ganglion 
by  the  ramus  communicans,  which  is  formed  by  fibres  both  from  the  anterior  and  posterior  roots 
of  a  spinal  nerve.  It  corresponds  to  the  visceral  nerve  of  the  morphologist,  and  is  composed  of 
two  parts— a  white  and  a  grey  ramus.  The  white  ramus  is  composed  entirely  of  medullated 
fibres,  and  coming  from  the  anterior  and  posterior  roots  of  a  spinal  nerve,  passes  into  the  lateral 
and  collateral  ganglia.  These  white  rami  occur  in  the  dog  only  from  the  2nd  thoracic  to  the 
2nd  lumbar  nerve  (fig.  439).  Above  and  below  this,  the  rami  are  all  grey  and  composed  of  non- 
medullated  nerve-fibres  {GctskcU).] 

[In  man,  the  four  upper  rami  communicantes  from  the  four  upper  cervical  nerves  all  join  the 
superior  cervical  ganglion  (fig.  428,  G  g,  s),  the  .5th  and  6th  join  the  middle  cervical,  the  7th 
and  8th  the  inferior  cervical  ganglion.  The  lowest  pair  of  ganglia  are  generally  united  by  a 
loop  on  the  front  of  the  first  coccygeal  vertebra,  and  they  lie  in  relation  with  the  coccygeal 
ganglion.] 

[Cephalic  Portion.— As  the  sympathetic  ascends  to  the  head  it  forms  connections  with  many 
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of  the  cranial  nerves,  and  there  is  a  free  exchange  of  fibres  between  these  nerves.  (The  function 
and  .significance  of  these  exchanges  are  referred  to  under  the  physiology  of  the  cranial  nerves).] 

[Dorsal  and  Abdominal  Portion.— Numerous  fibres  i)ass  from  these  parts  chiefly  to  the  thorucic 
and  abdominal  cavities,  where  they  form  large  gangliatcd  plexuses,  from  which  functionally 
different  fibres  proceed  to  the  ditl'erent  organs.] 

[In  t^ie  dog,  the  2nd,  3rd,  4th,  and  5tii  thoracic  pass  upwards  into  the  cervical  sympathetic, 
those  in  the  dorsal  region  being  directed  downwards  from  the  lateral  ganglia  to  form  the 
splanchuics  (fig.  439).  The  grey  non-meduUated  nerve-fibres  of  each  grey  ramus  are  connected 
with  the  cells  of  its  ganglion  (lateral)  ;  the  fibres  do  not  go  beyond  the  ganglion,  but  really  run 
to  the  corresponding  spinal  nerve  to  ramify  in  the  sheaths  of  the  nerves,  the  connective-tissue 
on  the  vertebrte  and  the  dura  mater,  and  perhaps  the  other  spinal  membranes  ;  so  that,  accord- 
ing to  Gaskell,  no  non-medullated  nerves  leave  the  central  nervous  system  by  the  sinnal  nerve- 
roots.  Thus,  the  white  rami  conimunicantes  alone  constitute  the  rami  viscerales  of  the  morplui- 
logist,  and  all  the  visceral  nerves  passing  out  from  the  central  nervous  system  into  the  sympa- 
thetic system  pass  out  by  them  alone.  All  the  nerves  in  the  white  ramus  are  of  small  calibre 
(1-8  ;u  to  27  m)  and  raedullated,  while  the  true  motor  fibres  are  much  larger  (14-4  /u.  to  19  /jl). 
The  small,  white  fibres  can  be  traced  upwards  as  medullated  fibres  into  the  superior  cervical 
ganglion,  and  in  the  thorax  over  the  lateral  ganglia  to  form  the  splanchnics  into  the  collateral 
ganglia,_  beyond  which  they  cease  to  be  medullated.  By  the  2nd  and  3rd  sacral  nerves  some 
fibres  of  smallest  calibre  issue  to  form  the  nervi  erigentes,  which  pass  over  and  do  not  com- 
municate with  the  lateral  ganglia,  but  enter  the  hypogastric  plexus,  whence  they  send  branches 
upwards  to  the  inferior  mesenteric  plexus  and  dowiiwards  to  the  bladder,  rectum,  and  generative 
organs.    Gaskell  proposes  to  call  them  the  pelvic  splanchnic  nerves  (fig.  439).] 

[In  the  cervical  region,  there  is  no  white  ramus,  aud  the  nerve-roots  contain  no  nerve-fibres 
of  small  calibre.  But  in  this  region  rises  the  spinal  accessory  nerve,  Ijetween  the  anterior  and 
posterior  roots.  It  contains  small  and  large  nerve-fibres;  the  former  pass  into  the  internal 
division  of  this  nerve  and  join  the  ganglion  of  the  tmuk  of  the  vagus,  while  the  large  motor 
fibres  form  its  external  branch  aud  supplj^  the  sternomastoid  aud  trapezius  muscles.] 

[All  the  vaso-motor  nerves  arise  in  the  central  nervous  system,  and  they  leave  the  spinal 
cord  as  the  finest  medullated  fibres  in  the  anterior  roots  of  all  the  spinal  nerves  between  the  2ud 
thoracic  and  2nd  lumbar  (dog)  "along  the  corresponding  ramus  visceralis,  enter  the  lateral  or 
main  sympathetic  chain  of  ganglia,  where  they  become  non-medullated,  and  are  thence  distri- 
buted either  directly  or  after  communication  with  other  ganglia"  [Gaskell).] 

[The  vaso-dilator  nerves  leave  the  central  nervous  system  among  the  fine  medullated  fibres, 
which  help  to  form  the  cervico-cranial  and  sacral  rami  viscerales,  and  pass  without  altering  their 
character  into  tlie  distal  ganglia"  (Gaskell),] 

["  The  viscero-motor  nerves  upon  which  the  peristaltic  contraction  of  the  thoracic  portion 
of  the  oesophagus,  stomach,  and  intestines  depends,  leave  the  central  nervous  .system  in  the  out- 
flow of  fine  medullated  nerves  which  occurs  in  the  upper  part  of  the  cervical  region,  and  pass 
by  way  of  the  rami  viscerales  of  the  accessory  and  vagus  nerves  to  the  ganglion  trunci  vagi, 
where  they  become  noti-medullated  "  (Gaskell).] 

["  The  inhibitory  nerves  of  the  circular  muscles  of  the  alimentary  canal  and  its  appendages 
leave  the  central  nervous  system  in  the  anterior  roots,  and  pass  out  among  the  fine  medullated 
fibres  of  the  rami  viscerales  into  the  distal  ganglia  without  communication  with  the  proximal 
ganglia"  (Gaskell).] 

[Structure  of  a  Ganglion. — The  structure  of  the  sympathetic  nerve-fibres  and  nerve-cells  has 
already  been  described  in  §321.  On  making  a  section  of  a  sympathetic  ganglion,  c.j/.,  tlie 
human  suj^erior  cervical,  we  observe  groups  of  cells  with  bundles  of  nerve-fibres— chiefly  non- 
medullated — running  between  them,  aud  the  whole  surrounded  l)y  a  laminated  capsule  of  con- 
nective-tissue, which  sends  septa  into  the  ganglion.  The  nerve-ceUs  have  many  processes,  and 
are,  therefore,  multipolar,  and  each  cell  is  surrounded  by  a  capsule  with  nuclei  on  its  inner 
surface  (fig.  368,  II).  The  processes  ])ierce  the  capsule,  and  one  of  them  certainly — and  perhaps 
all  the  processes — are  connected  w^ith  a  nerve-fibre.  Ranvier  states  that  eacii  cell  has  a 
fibrillated  outer  portion  and  a  more  granular  inner  part.  Each  of  the  processes  liecomes  con- 
tinuous with  a  fibre  of  Remak.  Not  unfrequently  yellowish-ln-own  pigment  is  found  in  the 
cell-substance.  Similar  cells  have  been  found  in  the  ophthalmic,  sub-maxillary,  otic,  and 
spheno-palatine  ganglia.  The  number  of  medullated  nerve-fibres  diminishes  as  the  sympathetic 
nerves  are  traced  towards  their  distribution.  Ranvier  states  that  it  is  possible  in  the  rabbit  to 
trace  the  conversion  of  a  medullated  fibre  into  a  branched  fibre  of  Remak.  The  blood-vessels  of 
the  .sympathetic  ganglia  in  mammals  are  peculiar.  The  arteries  are  small,  and  after  sub- 
division form  a  capillary  network,  each  mesh  of  which  encloses  several  ganglionic  cells.  The 
veins  on  the  contrary  are  very  large,  tortuous,  varicose,  and  often  terminate  in  culs-de-sac, 
into  which  several  capillaries  open.  The  arrangement  of  the  veins  is  spoken  of  as  the  venous 
sinuses  of  these  ganglia,  being  compared  by  Ranvier  to  the  sinuses  of  the  dura  mater  and 
venous  plexuses  of  the  spinal  canal.  ] 

Functions. — The  following  is  merely  a  general  summary  : — 
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FUNCTIONS  OF  THE  CERVICAL  SYMPATHETIC. 


I.  Independent  Functions  of  the  sympathetic  are  those  of  certain  nerve  plexuses 
which  remain  after  all  the  nervous  connections  with  the  cerebro-spinal  branches 
have  been  divided.    The  activities  of  these  plexuses  may  be  influenced — either  in 

the  direction  of  inhibition  or  stimula- 
tion— through  fibres   reaching  them 
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1.  The  automatic 
heart  (§  58). 

2.  The  mesenteric  plexus  of  the  in- 
testine (§161). 

3.  The  plexuses  of  the  uterus,  Fal- 
lopian tubes,  ureters  (also  of  the  blood- 
and  lymph-vessels). 

II.  Dependent  Functions. — Fibres 

run  in  the  sympathetic,  which  (like 

the  peripheral  nerves)  are  active  only 

when  their  connection  with  the  central 

nervous  system  is  maintained,  e.r/.,  the 

sensory  fibres  of  the  si^lanchnic.  Others 

again  convey  impulses  from  the  central 

nervous  system  to  the  ganglia,  while 

the  ganglia  in  turn  modify  the  impulses 

which  inhibit  or  excite  the  movements 

of  the  corresponding  organs. 

The  following  statement  is  a  resume  oi  the 
functions  of  the  sympathetic,  according  to 
the  anatomical  arrangement : — 

A.  Cervical  Part  of  the  Sympa- 
thetic.— 1.  Pupil-dilating  fibres  (com- 
]iare  Ciliary  ganglion,  §  347,  I.,  and 
Iris,  §  392).  According  to  Budge, 
these  fibres  arise  from  the  spinal  cord, 
and  run  through  the  upper  two  dorsal 
and  lowest  two  cervical  nerves  into  the 
cervical  sympathetic,  which  conveys 
them  to  the  head.  Section  of  the  cer- 
vical sympathetic  or  its  rami  commuui- 
cantes  causes  contraction  of  the  pupil. 
(The  central  origin  of  these  fibres  is 
referred  to  in  §  362,  1,  and  §  367,  8.) 

2.  Motor  fibres  for  Miiller's  smooth 
muscle  of  the  orbit,  and  partly  for  the 
external  rectus  muscle  (§  348). 

3.  Vaso-motor  branches  for  the 
outer  ear  and  the  side  of  the  face  {Cl. 
Bernard),  tympanum  {Prussak),  con- 

s  -  junctiva,  iris,  choroid,  retina  [only  in 

part — see  Ciliary  (/au(/lion,  ^  347,  I.), 
for  the  vessels  of  the  oesophagus,  larynx,  thyroid  gland— fibres  for  the  vessels  of  the 
brain  and  its  membranes  (Danders  and  Calleiifels). 

4.  In  the  cervical  portion  are  afferent  fibres  which  excite  the  vaso-motor  centre 
in  the  medulla  {Anhert). 

5.  Secretory  (trophic)  and  vaso-motor  fibres  for  the  salivary  glands  (§  145). 
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6,  Sweat-secretory  fibres  (see  §  288,  II.). 

7.  According  to  Wolferz  and  Demtschenko  the  lachrymal  glands  receive  sympa- 
thetic secretory  fibres  (?). 

B.  Thoracic  and  Abdominal  Sympathetic— First  of  all  there  is— 

1.  The  sympathetic  portion  of  the  cardiac  plexus  (§  57,  2),  which  receives 
accelerating  or  augmentor  fibres  for  the  heart  from  the  lower  cervical  and  1st 
thoracic  ganglion  {CI.  Bernard,  v.  Bezold,  Cyon,  Schniiechherg).  The  fibres  arise 
partly  from  the  sympathetic  and  partly  from  the  plexus  around  the  vertebral  artery 
{v.  Bezold,  Bever).    (Compare  ^  370.) 

2.  For  the  vaso-motor  fibres  passing  through  the  sympathetic  to  the  extremities, 
skin  of  the  trunk,  and  lungs  (see  §  371).    For  vaso-dilators  (§  472). 

3.  The  cervical  sympathetic  and  the  splanchnic  contain  fibres  which,  when  their 
central  ends  are  stimulated,  excite  the  cardio-inhibitory  system  in  the  medulla 
oblongata  {Bernstein). 

4.  The  functions  of  the  splanchnic  are  referred  to  in  §§  164,  175,  276,  and  371. 

5.  The  functions  of  the  coeliac  and  mesenteric  plexuses  are  referred  to  in 
§§183  and  192.  After  extirpation  of  the  cceliac  ganglion,  Lamansky  observed 
temporary  disturbance  of  digestion,  undigested  food  being  passed  per  anum. 

6.  For  the  secretory  fibres  for  sweating,  see  §  289,  II. 

7.  Lastly,  the  abdominal  portion  of  the  sympathetic  contains  motor  and  vaso- 
motor fibres  for  the  spleen,  the  lar<je  intestine  (accompanying  its  arteries),  bladder 
(§  280),  ureters,  uterus  (running  in  the  hypogastric  plexus),  vas  deferens,  and 
vesicula3  seminales.  Stimulation  of  all  of  these  nerve  channels  causes  increased 
movement  of  the  organs,  but  it  must  be  remembered  that  the  diminished  supply  of 
blood  thereby  produced  also  acts  as  a  stimulus  (§  161).  Section  of  these  nerves  is 
followed  by  dilatation  of  the  blood-vessels,  with  subsequent  derangement  of  the 
circulation,  and  ultimately  of  the  nutrition.  The  relation  of  the  suprarenal 
bodies  to  the  sympathetic  is  referred  to  in  §  103,  IV.  The  renal  plexus  is  referred 
to  in  §  276,  while  the  cavernous  plexus  is  treated  of  in  §  436. 

Pathological.  —  Considering  the  numerous  connections  of  the  sympathetic,  we  would  naturally 
suppose  tliat  it  oH'ers  an  extensive  area  for  pathological  changes.  Affections  involving  the  vaso- 
motor system  are  referred  to  in  §  371. 

The  cervical  sympathetic  is  most  frequently  paralysed  or  stimulated  by  traumatic  conditions, 
wounds  by  bullets  or  knives,  tumours,  enlarged  lymph-glands,  aneurisms,  inflammation  of  tlie 
apices  of  the  lungs  and  the  adjacent  pleur?e,  while  exostoses  of  the  vertebraj  may  stimulate  it  in 
part  or  paralyse  it  in  part.  The  phenomena  so  produced  have  been  partly  analysed  in  treating 
of  the  ciliary  ganglion  (§  347,  I.).  Stimulation  of  the  cervical  sympathetic  in  man  causes 
dilatation  of  the  pupil  (mydriasis  spastica),  palor  of  the  face,  and  occasionally  hyperidrosis  or 
profuse  sweating  (§  289,  2,  and  §  288);  disturbance  of  vision  for  near  objects,  as  the  pupil 
cannot  be  contracted  (see  Accommodation),  and  hence  the  sjAerical  aberration  of  the  lens 
(§  391)  must  also  interfere  with  vision  ;  protrusion  of  the  eyeball  with  widening  of  the  palpebral 
iissure.  Paralysis  or  section  of  the  cervical  sympathetic  causes  increased  fulness  of  the  blood- 
vessels of  the  side  of  the  head,  with  occasional  anidrosis  ;  contraction  of  the  pupil  (myosis 
paralytica),  which  undergoes  changes  in  its  diameter  during  accommodation,  but  not  as  the 
effect  of  the  stimulation  of  light — atropin  dilates  it  slightly.  The  slit  between  the  eyelids  is 
narrowed,  the  eyeball  retracted  and  sunk  in  the  orbit,  the  cornea  somewhat  flattened,  and  the 
consistence  of  the  eyeball  diminished.  Stimulation  of  the  sympathetic  is  followed  by  an 
increased  secretion  of  saliva  (§  145).  The  above  described  symptoms  have  been  occasionally 
accompanied  by  unilateral  atrophy  of  the  face. 

[Section  of  the  Cervical  Sympathetic. — This  experiment  is  easily  done  on  a 
rabbit,  preferably  an  albino  one.  Divide  the  nerve  in  the  neck,  and  immediately 
thereafter  (1)  the  ear  and  adjoining  parts  on  that  side  become  greatly  congested 
with  blood,  blood-vessels  appear  that  were  formerly  not  visible,  and  as  a  result  of 
the  increased  quantity  of  blood  in  the  ear  (hypertemia),  there  is  (2)  a  rise  of  the 
temperature  amounting  to  even  4°  to  6°  C.  {CI.  Bernard).  These  are  the  vaso- 
motor changes.  (3)  The  pupil  is  contracted,  the  cornea  flattened,  and  there  is 
retraction  of  the  eyeball  and  consequent  narrowing  of  the  palpebral  fissure.  These 
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are  the  oculo-pupUUxry  symptoms.  Stimulation  (electrical)  of  the  peripheral  end 
produces  the  opposite  results,— pallor  of  the  ears,  owing  to  contraction  of  the  blood- 
vessels, with  consequent  fall  of  the  temperature ;  dilatation  of  the  pupil,  bulging  of 
the  cornea,  protrusion  of  the  eyeball  (exophthalmos),  and  widening  of  the  palpebral 
fissure.  At  the  same  time,  the  blood-vessels  to  the  salivary  glands  are  contracted, 
and  there  is  a  secretion  of  thick  saliva.  The  last  results  are  due  to  the  vaso- 
comtnctor  and  secretory  fibres.  The  vaso-motor  and  oculo-pupillary  fibres,  although 
they  lie  in  the  same  trunk  in  the  neck,  do  not  issue  from  the  cord  by  the  same 
nerve-roots ;  the  latter  come  out  of  the  cord  with  the  anterior  roots  of  the  1st  and 
2nd  dorsal  nerves  (dog),  while  section  of  the  cord  between  the  2nd  and  4th  dorsal 
vertebras  produces  the  vaso-motor  changes  only.  The  nasal  mucous  membrane  and 
lachrymal  gland  are  influenced  by  the  sympathetic] 

[Division  of  the  cervical  sympathetic  in  young,  growing,  animals  results  in  hypertrophy  of 
the  ear,  and  increased  growth  of  the  hair  on  that  side  {Bidder,  W.  Stirling).] 

[The  vago-sympathetic  nerve  (dog)  in  tlie  neck  contains  vaso-dilator  fibres  (really  in  the 
sympathetic)  for  the  skin  and  mucous  membranes  of  that  side  of  the  head.  Weak  stimulation 
0}  the  central  end  of  the  sympathetic  causes  dilatation  of  the  blood-vessels  of  these  parts.  The 
vaso-dilator  fibres  of  the  superior  maxillary  nerve  probably  come  from  the  same  source.  The 
centre  for  these  nerves  is  in  the  dorsal  region  of  the  cord  between  the  1st  and  5th  dorsal 
vertebra;,  where  the  fibres  pass  out  with  the  rami  communicantes  to  enter  the  cervical  sympathetic 
(Dastre  and  Morat).  The  vaso-dilator  fibres  occur  in  the  posterior  segment  of  the  ring  of 
Vieussens,  and  when  they  are  stimulated  after  section  of  the  7th  cranial  nerve,  there  is  a 
"  pseudo-motor  "  effect  on  the  muscles  of  the  cheek  and  lip  (§  349).] 

Irritation  in  the  area  of  the  splanchnic,  as  occurs  occasionally  in  lead  poisoning,  is 
characterised  by  violent  pain  (lead  colic),  inhibition  of  the  intestinal  movements,  (hence 
the  persistent  constipation),  slowing  of  the  heart's  action,  brought  about  reflexly,  jiist  as  in 
Goltz's  "tapping"  experiment  (§  369).  Irritation  in  the  area  of  the  sen.sory  nerves  of  the 
sympathetic  may  give  rise  to  that  condition  which  is  called  by  Romberg  neuralgia  hypogastrica, 
a  painful  affection  of  the  lower  abdominal  and  sacral  regions,  hysteralgia,  neuralgia  testis, 
which  are  localised  in  the  plexuses  of  the  sympathetic.  In  affections  of  the  abdominal 
sympcdhetic,  there  may  be  severe  constipation,  with  diminished  or  increased  secretion  of  the 
intestinal  glands  (§  186). 

357.  COMPAEATIVE— HISTORICAL.— Comparative. — Some  of  the  cranial  nerves  may 

be  absent,  others,  again,  may  be  abortive,  or  exist  as  branches  of  other  nerves.  The  facial 
nerve,  which  supplies  the  muscles  of  expression  in  man,  and  is,  at  the  same  time,  the  nerve  for 
facial  respiratory  movements,  diminishes  more  and  more  in  the  lower  classes  of  the  vei'tebrata, 
pari  passu,  with  the  diminution  of  the  facial  muscles.  In  birds  and  reptiles,  it  supplie.s  the 
muscles  of  the  hyoid  bone,  or  the  superficial  cervical  mu.scles  of  the  nape  of  the  neck.  In 
amphibians  (frog),  the  facial  no  longer  exists  as  a  separate  nerve,  the  nerve  which  corresponds 
to  it  springing  from  the  trigeminus.  In  fishes,  the  5th  and  7th  nerves  form  a  joint  complex 
nerve.  The  part  corresponding  to  the  facial  (also  called  ramus  opercularis  trigemini)  is  the  chief 
motor  nerve  of  the  muscles  of  the  gill-cover,  and  is,  therefore,  the  respiratory  nerve.  In  the 
cyclostomata  (lamprey)  there  is  an  independent  facial.  The  vagus  is  present  in  all  vei'tebrata ; 
in  fishes  it  gives  off  a  large  nerve,  the  lateral  nerve  of  the  body  (N.  lateralis),  which  runs  along 
each  side  of  the  body  close  to  the  lateral  canal.  It  is  also  present  in  the  tadpole.  Its 
rudimentary  representative  in  man  is  the  auricular  branch.  In  the  frog  the  9th,  10th,  and 
11th  arise  together  from  one  trunk,  and  the  7th  and  8th  from  another.  In  fishes  and  amphibia, 
the  hypoglossal  is  the  first  cervical  nerve.  In  amphioxus,  the  cerebral  and  spinal  nerves  are 
not  distinct  from  each  other.  The  spinal  nerves  are  remarkably  similar  in  all  classes  of  the 
vertebrata.  The  sympathetic  is  absent  in  the  cyclostomata,  where  it  is  represented  by  the 
vagus.  Its  course  is  along  the  vertebral  column,  where  it  receives  the  rami  communicantes  of 
the  spinal  nerves.  In  the  region  of  the  head  its  connections  with  the  5th  and  10th  nerves  are 
specially  developed.  In  frogs,  and  still  more  so  in  birds,  the  number  of  connections  with  the 
cranial  nerves  increases. 

Historical. — The  vagus  and  sympathetic  were  known  to  the  Hippocratic  School.  According 
to  Erasistratus,  all  the  nerves  proceed  from  the  brain  and  spinal  cord  ;  Herophilus  was  the  first 
to  distinguish  the  nerves  from  the  tendons,  which  Aristotle  confounded  with  each  other. 
Marianus  (80  a.d.  )  recognised  seven  pairs  of  cranial  nerves.  Galen  was  in  possession  of  a  wide 
range  of  important  facts  in  the  physiology  of  the  nervous  system  (§  140)  ;  he  observed  that  loss 
of  voice  followed  ligature  of  the  recurrent  nerves  ;  and  he  was  acquainted  with  the  accessorius, 
and  the  ganglia  on  the  abdominal  nerves.  The  cauda  equina  is  referred  to  in  the  Talmud  ; 
Goiter  (1573)  described  exactly  the  anterior  and  posterior  spinal  nerve-roots.  Van  Helmont 
(t  1644)  states  that  the  peripheral  motor  nerves  also  give  rise  to  impressions  of  pain,  and 
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Cesalpinus  (1571)  remarks  that  interruption  of  the  blood-stream  makes  the  parts  insensible. 
Thomas  Willis  described  the  chief  ganglia  (1664).  In  Des  Cartes  there  is  the  first  indication  of 
reflex  movements  ;  Stephen  Hales  and  Robert  Whytt  showed  that  the  spinal  cord  was 
necessary  for  such  acts.  Prochaska  described  the  reflex  channels,  [while  Marshall  Hall 
established  the  doctrine  of  reflex,  or,  as  he  called  them,  "  diastaltic "  actions].  Duverney 
(1761)  discovered  the  ciliary  ganglion.  Gall  traced  more  carefully  the  course  of  the  3rd  and 
6th  nerves,  and  also  the  spinal  nerves  into  the  grey  matter.  Hitherto  only  nine  nerves  of 
the  brain  had  been  enumerated  ;  Sommerring  (1791)  separated  the  facial  from  the  auditory 
nerve,  Andersch  (1797)  the  9th,  10th,  and  11th  nerves. 


Physiology  of  the  Nerve-Centres. 

358.  GENERAL.— [The  nerve-fibres  and  nerve-cells  constitute  the  elements 
out  of  which  nerve-centres  are  formed,  being  held  together  by  connective-tissue. 
In  the  pi'ocess  of  evolution,  groups  of  nerve-cells  with  connecting  fibres  are  arranged 
to  constitute  nervous  masses,  whereby  there  is  a  corresponding  integration  of 
function.  Thus,  with  structural  integration  there  is  a  functional  integration. 
When  the  structure  suffers  so  also  does  the  function,  and  those  parts  which  are 
most  evolved,  as  well  as  those  actions  which  have  to  be  learned  by  practice,  are  the 
first  to  sufier  during  the  dissolution  of  the  nervous  system.] 

General  Functions. — The  central  organs  of  the  nervous  system  are  in  general 
characterised  by  the  following  properties  : — 

1.  They  contain  nerve-cells,  which  are  either  arranged  in  groups  in  the  interior 
of  the  central  organs  of  the  nervous  system,  or  embedded  in  the  peripheral  branches 
of  the  nerves.  [Nerve-cells  are  centres  of  activity,  originate  impulses  and  conduct 
impulses  as  well,  while  nerve-fibres  are  chiefly  conductors.] 

2.  The  nerve-centres  are  capable  of  discharging  reflexes,  e.g.,  reflex-motor,  reflex- 
secretory,  and  reflex-inhibitory  acts. 

3.  The  centres  may  be  the  seat  of  automatic  excitement,  i.e.,  they  may 
manifest  phenomena,  without  the  application  of  any  wpparent  external  stimulus. 
The  energy  so  liberated  may  be  transferred  to  act  upon  other  organs.  This 
automatic  state  of  excitement  or  stimulation  may  be  cojitinuou.s,  i.e.,  may  be 
continued  without  interruption,  when  it  is  called  tonic  automatic  or  tonus ;  or  it 
may  be  mterjnittent,  and  occur  with  a  certain  rhythm  {rhythmical  automatic). 

4.  The  central  organs  are  trophic  centres  for  the  nerves  proceeding  from  them  ; 
they  may  also  perform  similar  functions  for  the  tissues  innervated  by  them. 

5.  The  psychical  activities  are  dependent  upon  an  intact  condition  of  the  gangli- 
onic central  organs.    These  various  functions  are  distributed  over  different  centres. 

[The  term  "centre"  is  merely  applied  to  an  aggregation  of  nerve-cells  so  related  to  each 
other  as  to  subserve  a  certain  function,  but,  inasmuch  as  these  cells  are  connected  to  each  other 
and  with  other  cells  in  many  ways,  various  combinations  of  them  may  result ;  again,  we  have 
also  to  take  into  account  the  greater  or  less  resistance  in  some  ^mtlis  than  in  others,  so  that 
the  variety  of  combinations  which  these  cells  may  subserve  is  enormous.  These  cells  give  ofl' 
processes  which  branch,  and  anastomose  with  processes  from  other  cells.  Thus,  innumerable 
ways  are  opened  up  to  nervous  impulses  by  these  combinations,  so  that  in  a  certain  way 
we  may  regard  a  cell  as  a  junction  of  these  conducting  fibres,  or  a  "  shunt "  whereby  an  impulse 
may  be  shunted  on  to  one  or  other  branch  in  the  direction  of  least  resistance,  or  in  the  best 
beaten  path  as  it  were,  while  there  may  be  a  "  l)lock  "  in  other  directions.] 

[In  connection  with  the  histology  of  the  central  nervous  system  we  have  to  study: — 
A.  The  nervous  constituents.       B.  Non-nervous  constituents. 

(1)  Nerve-fibres.  (1)  Vessels  (blood  and  lymph). 

(2)  Nerve-cells.  (2)  Epithelium. 

(3)  Sustentacular  tissue, 
(a)  Connective-tissue. 
(J))  Neuroglia.] 

2  K 
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STKUCTUKE  UF  THE  SPINAL  COKD. 


The  Spinal  Cord. 

359  STRUCTURE  OF  THE  SPINAL  CORD.— [The  key  to  tlie  study  of 
the  central  nervous  system  is  to  remember  that  it  begins  as  an  iuvolutiou  of  the 
epiblast  and  is  originally  tubular,  with  a  central  canal,  dilated  in  the  brain-end 
into  ventricles.  In  the  spinal  cord  there  are  three  concentric  parts -.  first,  the 
columnar  ciliated  epithelium,  outside  this  the  central  grey  tube,  and  covering  m  all, 
the  outer  white  conducting  fibres  (Ilil/).] 

Structure.— The  spnial  cord  consists  of  white  matter  externally  and  grey  matter  iuteruall}-. 
l  it  is  invested  by  membranes— the  pia  mater,  composed  of  two  layers  and  cousistiug  ot  con- 
nective-tissue with  blood-vessels,  being  tirmly  adherent  to  the  white  matter  and  sending  septa 
into  the  substance  of  the  cord.  Both  layers  dip  into  the  anterior  median  fissure,  and  only  tiie 
inner  one  into  the  posterior  median  groove.  The  arachnoid  is  a  more  dehcate  meml)rane  and 
noil- vascular,  while  the  dura  mater  is  a  tough  membrane  lining  the  vertebral  canal  and 
formin-  a  theca  or  protective  coat  for  the  cord  (§  381).]  The  grey  mater  has  the  form 
of  two  crescents  )-(  placed  back  to  back  [or  a  capital  H],  in  which  we  can  distinguish  an 
anterior  lu)  and  a  posterior  horn  (j)),  a  middle  part,  and  a  grey  commissure  connecting  the  two 
crescents.  In  the  centre  of  this  grey  commissure  is  a  canal— central  canal— which  mns  from 
the  calamus  scriptorius  downwards;  it  is  lined  throughout  by  a  single  layer  of  ciliated 
cylindrical  epithelium,  [in  the  fcetus,  the  cilia  not  being  visible  m  the  adult],  and  the  canal 
itself  is  the  representative  of  the  embryonal  "medullary  tube"  (tigs.  440,  446).    [The  part  ot 


Fig.  440. 

Transverse  section  of  the  spinal  cord  ;  in  the  centre  is  the  butterfly  form  of  the  grey  matter 
surrounded  by  white  matter,  p,  posterior,  and  a,  anterior,  horns  of  the  grey  matter  ;  PR, 
posterior  roots  ;  AR,  anterior  roots  of  a  spinal  nerve  ;  A,  A,  the  white  anterior  ;  L,  L,  the 
lateral ;  P,  P,  the  posterior  coluunis. 

the  grey  commissure  in  front  of  this  canal  is  called  the  anterior,  and  the  part  behind,  the 
posterior  grey  commissure.  In  front  of  the  grey  commissure,  and  between  it  and  the  base  of 
the  anterior  median  fissure,  arc  bundles  of  white  nerve-fibres  passing  in  a  horizontal  or  oblique 
direction  from  the  anterior  column  of  one  side  to  the  grey  matter  of  the  anterior  coruu  of  the 
opposite  side  (fig.  440).    These  decussating  fibres  constitute  the  white  commissure.] 

The  white  matter  surrounds  the  grey,  and  is  aiTanged  in  several  columns  [anterior,  lateral, 
and  posterior — by  the  passage  of  the  nerve-roots  to  the  coruua  (figs.  440,  446)].  Along  the 
anterior  surface  of  the  cord  there  runs  a  well-marked  fissure,  which  dips  into  the  cord  itself  , 
but  does  not  reach  the  grey  matter,  as  a  mass  of  white  matter — the  white  commissure — runs 
from  one  side  of  the  cord  to  the  other.  Between  this  fissure,  known  as  the  anterior  median 
fissure,  and  the  line  of  exit  of  the  anterior  roots  of  the  spinal  nerves,  lies  the  anterior  column 


STRUCTURE  OF  THE  WHITE  AND  GREY  .MATTEK. 


627 


(A)  ;  the  white  matter  lying  laterally  l)et\veeu  the  origin  of  the  anterior  and  posterior  roots  of  tlie 
spinal  nerves  is  the  lateral  column  (L),  while  the  wiiite  matter  lying  between  the  line  of  origin 
of  the  posterior  roots  and  the  so-called  posterior  median  fissure,  is  the  posterior  column  (P). 
[The  posterior  median  tissure  is  not  a  real  tissure,  bnt  is  lilled  up  with  the  inner  layer  of  the  pia 
mater,  which  dips  down  from  the  under  surface  of  this  membrane  quite  to  tlie  grey  matter  of 
the  posterior  commissure.]  Each  posterior 
column,  in  certain  regions  of  the  cord,  may 
be  subdivided  into  an  inner  part  lying  next 
the  fissure,  the  postero-median  'or  GoU's 
column,  or  the  inner  root-zone  {Charcot,  fig. 
454,  c) ;  and  an  outer  larger  part  next  the 
posterior  root,  known  as  the  postero-exter- 
nal  or  Burdack's  column,  or  the  outer  root- 
zoue  {Charcot,  tig.  454,  d). 


Fig 


Fig.  441. 

441.— Transvei-se  section  of  the  white  matter  of  the  cord;  x  150.  a,  peripheral  layer. 
Besides  the  transverse  sections  of  the  nerve-fibres,  large  and  fine,  there  are  three  branched 
connective-tissue  corpuscles  {c).  Fig.  442. — Multipolar  nerve-cells  from  the  grey  matter  of 
the  anterior  horn  of  the  spinal  cord  (ox),  a,  nerve-cell  ;  h,  axis-cylinder  ;  c,  grey  matter  ; 
d,  white  matter  of  column  ;  e,  e,  branches  of  cells. 

The  -white  matter  consists  chiefiy  of  meduUated  fibres  without  the  sheath  of  Schwann  and 
Ranvier's  nodes,  but  provided  with  the  neuro-keratin  sheaths  of  Kiihne  and  Ewald  (§  321),  the 
fibres  themselves  being  chiefly  arranged  longittidinally.  [The  incisures  of  Schuiidt  exist  in  these 
fibres,  and  can  be  demonstrated  by  the  interstitial  injection  of  osmic  acid  (Ranvier).]  The 
nerve-fibres  of  the  nerve-roots,  as  well  as  those  that  pass  from  the  gi-ey  matter  into  the  column.s, 
have  a  transverse  or  oblique  course.  There  are  also  decussating  fibres  in  the  anterior  or  white 
connnissure.  [In  a  transverse  section  of  the  white  matter  of  the  spinal  cord,  the  nerve-fibres 
are  of  difierent  sizes,  and  appear  like  small  cii'cles  with  a  roimded  dot  in  their  centre — the  axis- 
cylinder — the  latter  may  be  stained  with  carmine  or  other  dye  (fig.  441).  They  are  smallest  in 
the  postero-median  or  GoU's  column,  and  largest  in  the  crossed  and  direct  pyramidal  tracts, 
which  are  motor.  The  white  substance  of  Schwann,  especially  in  preparations  hardened  in 
.salts  of  chromium,  often  presents  the  apjjearance  of  concentric  lines.  Fine  septa  of  connective- 
tissue  carrying  blood-vessels  lie  between  groups  of  the  nerve-fibres,  while  here  and  there  between 
the  nerve-fibres  may  be  seen  branched  neuroglia  corpuscles.  Immediately  underneath  the  pia 
mater  there  is  a 
pretty  thick  lay- 


er  of  neuroglia, 
which  invests  the 
prolongations  of 
the  pia  into  the 
cord. ] 

[The  grey  mat- 
ter differs  in 
shape  in  the  dif- 
ferent regions  of 
the  cord,  and  so 
does  the  grey 
commissure  (fig. 

444).   The  latter  Diagi-am  of  the  absolute  and  relative  extent  of  the  grey  matter,  and  of  the 
is   thicker   and     white  columns  in  successive  sectional  areas  of  the  spinal  cord,  as  well  as  the 
shorter   in   the     sectional  areas  of  the  several  entering  nerve-roots.    NR,  nerve-roots  ;  AC 
cervical  than  in     LC,  PC,  anterior,  lateral,  and  posterior  columns  ;  Gr,  grey  matter, 
the    dorsal  re- 
gion, while  it  is  very  narrow  in  the  lumbar  region.    The  amount  of  grey  matter  undergoes  a 
^reat  increase  opposite  the  origins  of  the  large  nerves,  the  increase  being  most  marked  oiiposite 
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AKKANGEMENT  OF  KERVE-CELLS. 


ical  and  lumbav  eulargemeut..,   L-'-S  -^.W--^iIoff  construe  c^n^s 


from  lueasuremeuts  by  Stilling  of  the  sectioual  areas  of  the 
as  well  as  of  the  several  uerve-roots.  These  curves  have 
lieut  form  1>V  Sehiifer  after  Woroschiloff  (tig.  443)]  :—  , 

iieut  101  m  _y  ^^^^^^^  ^^^^.^^  columns  are  large,  the  anterior  conm  of  the  grey 

while  the  posterior  coniu  is  narrow  ;  Goll's  column  is  marked  otl  by  a 
■  ■      ■  the  cord  itself  is  broadest  from  side  to_ side.  In 


the  cervical  and  lumoar  eiuary.mcu...^   ^-^r- TT^-^rrV^r^^y'^^  white  matter  of  the 
 ,1     „f  fh«  «..vprai  i,Rrv«.r(M.Ls.    iLit-se  ^:u..«  ^c...  been  arranged  in  the  annexed 

couven 

[In  the  cervical  region, 
matter  is  wide  and  large 

dem-ession  and  a  prolongation  of  the  pia  mater  ,  .,..v-  ^^.^   „^„,.i,r 

the  doreal  region  the  g?ey  n>atter  is  small  in  animals,  and  both  cornua  are  narrow  and  of  nea  ly 
J  ual  breadth,  while  the  cord  itself  is  smaller  and  cylindrical.  In  it  the  intermedio-lateral 
a  d  posterior  'vesicular  groups  of  cells  are  distinct.  They  have  probably  relations  to  viscera^ 
Tho  commissure  lies  well  forward  between  the  crescents.    In  the  lumbar  region,  the  g ley 

matter  is  relatively  and  absolutely  greatest,  while  the  white 
lateral  columns  are  small,  the  central  canal  in  the  com- 
missure being  nearly  in  the  middle  of  the  cord.  In  the 
conus  medullaris,  the  grey  matter  makes  up  the  great  mass 
of  it,  with  a  few  white  fibres  externally  (fig.  444).] 

The  anterior  comu  of  the  grey  matter  is  shorter  and 
broader,  and  does  not  reach  so  near  to  the  surface  as  the 
posterior  ;  moreover,  eacli  anterior  nerve-root  arises  from 
it  bv  several  bundles— it  contains  several  groups  of  large 
multipolar  ganglionic  cells  (fig.  442)  ;  the  posterior  comu 
is  more  pointed,  longer,  and  narrower,  and  reaches  nearer 
to  the  surface,  the  posterior  root  arising  by  a  single  bundle 
at  the  postero-lateral  fissure  ;  while  the  coruu  itself  contains 
a  few  fusiform  nerve-cells,  and  is  covered  by  the  substantia 
gelatinosa  of  Rolando,  which  is  in  i)art  an  accumulation  of 
neuroglia. 

[The  substantia  gelatinosa  on  the  posterior  comu  is 
marked  by  striation  where  the  posterior  root-fibres  traverse 
it.  It  contains  some  connective-tissue  cells  and  some  fusi- 
form nerve-cells,  especially  near  the  margins.  The  substance 
itself  stains  deeply  wdth  carmine.] 

[The  outer  margin  of  the  grey  matter  near  its  middle  is 
not  so  sharply  defined  from  the  white  matter  as  elsewhere  ; 
and,  in  fact,  a  kind  of  anastomosis  of  the  grey  matter  pro- 
jects into  the  lateral  column,  especially  in  the  cervical 
region,  constituting  the  2}rocess7(s  reticularis  (fig.  446).] 

[Arrangement  of  Nerve-CeUs. — The  nerve-cells  are  ar- 
ranged in  four  groups,  forming  columns  more  or  less  con- 
tinuous. There  are  those  of  the  anterior  and  posterior 
horns,  those  of  the  lateral  column  (intermedio-lateral),  and 
the  posterior  vesicular  column  of  Clarke.  The  anterior  and 
posterior  groups  exist  as  continuous  columns  along  the  en- 
tire cord.  The  cells  in  the  anterior  cornu  are  subdivided 
into  smaller  groups,  which  vary  in  the  different  regions  of 
the  cord.  There  is  an  imier  or  vxedian  group  near  the 
anterior  angle  of  the  cornu.  It  is  the  smallest  group,  and 
is  absent  iu  the  lumbar  region.  Near  the  anterior  edge  is 
the  anterior  group,  and  in  the  external  part  of  the  cornu  is 
the  antero-latcral  group.  These  two  groups  are  often 
united,  as  in  the  mid-cervical  region.  There  is  usually  a 
third  large  group — the  external  or  postero-lateral  in  the 
posterior  outer  angle  of  the  anterior  cornu — the  cells  of  the 
anterior  horn  being  very  large  (67  to  135  /x),  while  the  fusi- 
cells 


Fig.  444. 
Transverse  sections  of  the  spinal 
cord  in  different  regions.  A, 
through  the  middle  of  the 
cervical  ;  B,  the  dorsal ;  C,  the 
lumljar  enlargement ;  D,  upper 
])art  of  the  conus  medullaris  ;  E, 
at  the  5th  sacral  vertebra  ;  F, 
A,  B,  C,  enlarged 
E,  F,  thrice ;  a, 
posterior  root. 


at  coccyx  ; 
twice  ;  D, 
anterior,  p, 


form  cells  of  the  posterior  horn  are  18  )n  in  diameter. 
Those  of  the  lateral  column  are  distinct,  except  in  the  lum- 
bar and  cervical  enlargements,  where  they  blend  with  the  anterior  horn.  The  column  of  Clarke 
(cells  40  to  90  ix)  is  discontinued,  and  is  limited  to  (1)  the  thoracic  region,  (2)  cervico-cranial 
region,  (3)  sacral  region,  being  most  conspicuous  in  (1),  where  it  corresponds  absolutely  to  the 
outflow  of  visceral  nerves  [Gaskell).  In  the  sacral  region  it  corresponds  to  the  "sacral  nucleus 
of  Stilling,"  while  in  the  cervical  region  it  begins  in  the  dog  at  the  2nd  cervical  nerve,  forming 
the  cervical  nucleus,  being  continued  above  into  the  nuclei  of  the  vagus  and  glosso-pharyngeal 
nerves.  The  cells  of  this  column  give  rise  to  small  meduUated  nerve-fibres  or  the  leucenteric 
fibres  of  Ga.skell.] 

The  multipolar  ganglion  cells  are  largest,  and  arranged  in  groups  in  the  anterior  horns  of 
the  grey  matter  (fig.  446— "motor  ganglionic  cells").  [They  also  occur  in  the  lateral  process 
ami  in  the  processus  reticularis.    It  is  to  be  noted  that  the  cells  become  more  branched  as  Ave 
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proceed  upwards  amongst  the  vertobrata.  These  cells  usually  contain  pigment-granules,  and, 
according  to  Pierrct,  their  size  has  a  direct  relation  to  the  length  of  the  nerve-fibre  proceeding 
trom  them  ;  so  that  they  are  largest  in  the  lumbar  enlargement,  smaller  in  the  cervical  enlarge- 
ment, and  smallest  in  the  dorsal  region.  Smaller  spindle-shaped  ("sensory")  cells  occur  in 
much  smaller  numbers  in  the  grey  matter  of  the  posterior  horn.  The  cells  of  Clarke's  column 
(hg.  445)  are  smaller  (30-60  m),  and  are  usually  arranged  with  their  long  axis  in  the  long  axis  of 
the  cord.  The  processes  are  fewer,  but  one  is  generally  directed  towards  the  head,  and  some 
towards  the  caudal  end  of  the  body.  Thev  usually  contain  nuich  pigment,  which  is  generally 
disposed  towards  the  cerebral  pole  of  the  cell.] 

[In  a  longitudinal  section  of  the  cord  (fig.  447),  these  cells  are  seen  to  be  arranged  in  columns, 
the  large  multipolar  cells  in  the  anterior  horn  (hi)  ;  in  the  same  section  are  shown,  the  longi- 
tudinal direction  of  the  nerve-fibres  in  the  anterior  (a)  and  posterior  white  columns  (c),  the 
horizontal  direction  of  the  fibres  of  the  anterior  and  posterior  nerve-roots  (b  and  f). 

The  grey  matter  contains  an  exceedingly  delicate  fibrous  network  of  the  finest  nerve-fibrils 
(Gerlach),  which  is  produced  by  the  repeated  division  of  the  protoplasmic  processes  of  the 


Fig.  445.  Fig.  446. 

Fig.  445. — Nerve-cell  from  Clarke's  column  (horse).  The  arrow  indicates  the  cerebral  end.  Fig. 
446. — Transverse  section  of  the  spinal  cord  (lower  dorsal).  A,  L,  P,  anterior,  lateral,  and 
posterior  columns;  A.M.F.,  P.M.F.,  anterior  and  posterior  median  fissures;  re,  I,  c,  cells 
of  the  anterior  horn ;  d,  posterior  cornu  and  substantia  gelatinosa ;  c,  central  canal ;  /, 
veins  ;  cf,  anterior  root  bundles  ;  h,  posterior  root  bundles  ;  i,  white  commissure  ;  j,  grey 
commissure  ;  I,  reticular  formation. 

multipolar  ganglionic  cells.  MeduUated  nerve-fibres  traverse  and  divide  in  the  grey  matter 
and  become  non-medullated;  some  of  them  merely  pass  through  the  grey  matter  of  the  non- 
medullated  fibres  and  terminate  in  Gerlach's  network.  Fibres  pass  from  the  grey  matter  of  one 
side  to  that  of  the  other  through  the  commissures  in  front  of  and  behind  the  central  canal. 

[By  means  of  Weigert's  method  of  staining  medullated  nerve-fibres  (p.  529),  it  has  been 
proved  that  numerous,  fine,  medullated  nerve-fibres  exist  in  the  grey  substance.] 

Gerlach's  Theory. — According  to  Gerlach,  the  connection  of  the  fibres  and  cells  is  as  follows  : 

 The  fibres  of  the  anterior  root  proceed  directly  to  the  ganglionic  cells  of  the  anterior  horn, 

with  which  they  form  direct  comnuinications  by  means  of  the  unbranchcd  axial  cylinder  pro- 
cesses (fig.  448,  z).  The  grey  network  of  protoplasmic  processes,  produced  by  the  repeated 
branchings  of  the  fibres  of  these  cells,  gives  origin  to  broad  fibres.  A  part  of  the  latter  (the 
median  bundle)  passes  through  the  anterior  white  commissure  to  the  other  side,  and  then  ascends 
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in  the  anterior  column  of  the  opposite  side.    Other  fibres  (the  lateral  bundle)  pass  into  the 


Fig.  448. 


Fig.  447. 

Fig.  447.— Longitudinal  section  of  the  human  spinal  cord,  a,  anterior,  c,  posterior,  d,  lateral 
white  columns  ;  h,  anterior,  c,  posterior  nerve-roots  ;  /,  horizontal  (pyramidal)  fibres  passing 
to  ra,  cells  of  anterior  cornu  ;  n,  oblifiue  fibres  of  posterior  root.  Fig.  448. — Multipolar 
nerve-cell,  from  the  anterior  horn  of  the  spinal  cord,  z,  axis-cylinder  process  ;  y,  branched 
processes. 

lateral  column  of  the  same  side,  and  ascend  in  it  as  far  as  the  decus.sation  of  the  p^'vainids, 

where  they  cross  in  the  medulla  to  the  other 
side.  The  fibres  of  the  ])osterior  root  enter  the 
posterior  horn,  and,  after  dividing,  terminate 
in  the  nervous  protoplasmic  network  of  the 
grey  matter.  By  means  of  this  network  they 
are  connected  indirectly  with  the  ganglionic 
cells  of  the  posterior  horn,  which  are  said  not 
to  have  an  axial  cylinder  process.  The  grey 
network,  which  connects  the  ganglia  of  the 
anterior  and  posterior  horns  with  each  other, 
also  sends  fibres,  which  pass  to  the  other  side 
of  the  cord  in  front  of  and  behind  the  central 
canal.  They  then  take  a  backward  course,  to 
ascend  partly  in  the  posterior  horns  and  partly 
in  the  lateral  columns. 

[The  anterior  root  enters  in  several  bundles 
of  coarse  fibres  which  diverge  before  they  reneh 
the  grey  matter.  Most,  or  jierhaps  all,  the 
fibres  end  in  the  large  motor  nerve-cells  in  the 
anterior  cornu  or  its  lateral  process  (fig.  449, 
a,  b,  c,  d,  c).  But  the  fibres  diverge  in  all 
directions,  some  of  the  fibres  of  the  bundle 
nearest  the  middle  line  (3)  end  in  the  laterally 
placed  cells  (c)  ;  a  part  (4)  crosses  the  anterior 
commissure  to  end  in  cells  on  the  opposite  side 
(d).  Some  of  them  (6)  run  upwards  to  become 
connected  with  motor  cells  lying  further  up 
the  cord.] 

y/ "  [The  posterior  root  enters  as  a  single  bundle, 

F.g.  449.  composed  of  finer  fibres   with   bundles  of 

Scheme  of  the  course  of  the  fibres  in  the  spinal  thicker  ones.  The  finest  fibres,  which  are  usu- 
cord.  The  longitudinal  fibres  are  indicated  by  ^^'f  P^^'^^^^  ™ost  laterally  (7),  or  outer  radi- 
small  circles  ;  while  the  nerve-cells  are  black.  ^""^^^^  ^^y®^'  cin  ve  into  the  longitudinal  fibres, 

so  that  they  are  cut  across  in  a  transverse  sec- 
tion, but  they  again  take  a  horizontal  course  and  enter  the  substantia  gelatinosa.   The  remainder 
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ot  the  Hbres  split  into  an  outer  and  inner  part.  Tlie  lateral  smaller  part  or  central  fibres  (8  to 
10)  passes  into  the  substantia  gelatinosa,  where  it  divides  into  several  strands,  some  of  wliich 
pass  into  the  central  part  of  the  grey  matter  (10),  while  others  (8)  pass  upwards  and  downwards  in 
a  longitudinal  direction.  Some  of  the  fibres  (9)  perhaj-is  end  in  the  nerve-cells  ( f)  in  the  posterior 
oornu.  The  median,  inner  or  internal  radicular  fasciculus  (11  to  14),  sweeps  through  the 
]iostero-external  column,  and,  after  running  a  longitudinal  course  in  the  white  matter,  enters  the 
grey  substance  of  tlie  posterior  cornu.  Some  fibres  (11)  pass  to  the  small  fusiform  cells  (</)  ; 
and  others  (13)  ]iass  to  be  connected  with  the  cells  of  Clarke's  column  {h),  when  it  is  present. 
From  the  cells  of  Clarke's  column,  fibres  seem  to  pass  to  the  direct  cerebellar  tract  (20).  Some 
of  the  fibres  (12)  pass  into  the  posterior  grey  commissure,  to  reach  the  opposite  side.  This  so 
far  only  accounts  for  a  part  of  the  fibres.  Some  of  them  (8  to  10)  are  concerned  in  the  formation 
of  the  fine  nerve-plexus  in  the  grey  matter,  whereby,  i)erhaps,  they  become  connected  with  the 
cells  in  the  anterior  cornu.  It  is  asserted  that  some  of  the  fibres  (14)  ultimately  pass  into 
Goll's  column.  Many  of  the  fibres  in  the  posterior  root  have  been  proved  to  be  directly  con- 
nected with  nerve-cells,  e.g.,  in  Petromyzon  by  Freund,  and  in  the  Proteus  by  Klanssner,  so 
that  it  IS  very  doubtful  if,  in  the  higher  animals,  the  fibres  of  the  posterior  root  are  directly 
connected  with  the  plexus  of  grey  fibres  as  suggested  by  Gerlach  (p.  629).] 

Neuroglia.— The  connective-tissue  of  the  spinal  cord  arises  in  part  from  the  pia  mater  and 
passes  into  the  white  matter,  carrying  with  it  blood-ve.ssels,  and  forming  septa,  which  separate 
the  nerve-fibres  into  bundles.  [The  connective-tissue  of  the  central  nervous  system  is  so  far 
peculiar,  that  the  intercellular  substance  is  reduced  to  a  minimum.  It  consists  of  a  reticulated 
connective-tissue  composed  of  fine  fibres,  which  form  a  network.    Fig.  450  shows  one  of  the 


Fig.  450. — Isolated  connective-tissue  corpuscle  or  "glia-cell"  from  the  human  spinal  cord; 
X  800.  Fig.  451. — Longitudinal  section  of  the  spinal  cord,  a,  white,  h,  grey  matter;  c, 
crystals  of  mercuric  chloride.    Prepared  by  Golgi's  mercuric  chloride  method  ;  x  80. 


cular  tissue  for  the  nerve-fibres  and  blood-vessels.  The  arrangement  and  distribution  of  these 
cells  is  best  seen  in  sections  of  a  cord  hardened  by  Golgi's  method  in  corrosive  sublimate  solution 
(fig.  451).  In  some  situations,  e.g.,  the  white  matter  of  the  cerebrum  and  cerebellum,  the  cells 
are  smaller  and  more  angular,  and  the  processes  are  often  connected  with  the  outer  coat  of  the 
blood-vessels.  On  the  wliole,  the  connective-tissue  is  much  finer  in  the  brain  than  in  the 
cord.  The  central  canal  is  surrounded  with  a  denser  layer  of  this  tissue,  known  as  the 
"central  ependyma,"  which  stains  deeply  with  carmine,  and  is  very  like  the  substantia 
gelatinosa  in  its  structure  (p.  628).  We  must  distinguish  from  this  form  of  connective-tissue 
that  special  form  in  the  grey  matter  to  which  Virchow  gave  the  name  of  neuroglia.  It  is 
specially  adapted  to  fill  up  the  spaces  left  by  the  other  elements,  and  without  interfering  with 
the  exchange  of  fluids  serves  to  hold  the  elements  together.  It  is  an  excessively  finely  granular 
ground-substance  in  the  grey  matter.  It  is  also  an  intercellular  substance,  but  in  the  adult  the 
cells  to  which  it  owes  its  origin  are  no  longer  to  be  found.  It  is  doubtful,  fiom  its  chemical 
nature,  if  it  is  really  to  be  reckoned  along  with  tlie  connective-tissues.  It  seems  to  be  rather  a 
tissue  S7(i  generis,  belonging  to  the  nervous  system,  and  it  is  present  in  very  small  amount.] 
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The  neuroglia  is  also  abundant  on  the  sides  and  apex  of  the  posterior  horns,  where  it  is  called 
the  gelatinous  substance  of  Rolando. 

[Blood- Vessels. — The  spinal  cord  is  partly  supplied  with  blood  by  arteries  from 

the  vertebrals,  and  partly  by  branches  of  the  intercostal,  lumbar,  and  sacral 

arteries,  which  reach  it  through  the  intervertebral  foramina,  and  pass  to  the  cord 

along  the  anterior  and  posterior  roots.] 

[Blood-Vessels. — The  anterior  median  (or  anterior  spinal)  (fig.  452)  artery  gives  off 
branches,  which  dip  into  the  fissure  of  the  same  name,  pass  to  its  base,  and,  after  perforating 
the  anterior  commissure,  divide  into  two  branches,  one  for  each  mass  of  grey  matter,  and  each 
branch  in  turn  splits  into  three,  which  supply  part  of  the  anterior,  median,  and  posterior  grey 
matter.  The  arteries  lying  in  the  sulci  are  called  arterise  sulci  (s)  by  Adamkiewicz.  In  the 
grey  matter,  there  is  usually  a  special  branch  to  Clarke's  column  [cl).    The  vaso-coronary  arteries 

include  all  those  arterial  branches  which  proceed 
from  the  periphery  into  the  white  matter ;  the 
finer  branches  pass  only  into  the  white  matter, 
but  the  larger  into  the  gi-ey  substance.  The  largest 
branch  is  the  artery  of  the  posterior  fissure  [Fi)), 
which  passes  along  the  posterior  septum  and  reaches 
almost  to  the  commissure,  giving  branches  in  its 
course.  There  is  a  large  artery  between  the  column 
of  Goll  and  the  postero -external  column,  viz.,  the 

a  A.M.F. 


Fig.  453. 


Fig.  452. 

Fig.  452.— Semi-diagrammatic  arrangement  of  the  arteries  in  the  spinal  cord.  Spa,  anterior 
spinal ;  s,  sulcine  artery  ;  sc,  sulco-commissural ;  an,  its  anastomosing  branch  •  cl  to 
Clarke's  column  ;  Fih  posterior  fissure;  ra,  rp,  branches  along  anterior  and  posterior  roots- 
cp,  for  post,  cornu  ;  if,  interfunicular  ;  la,  Im,  Ip,  anterior,  median,  and  posterior  lateral' 
Fig.  453. — Injected  blood-vessels  of  the  spinal  cord. 

interfunicular  artery  {if).  Arteries  enter  along  tlie  anterior  and  posterior  roots  {ra  rp)  There 
are  also  a  median  lateral  artery  {Im),  and  an  anterior  and  posterior  lateral  {Ip  la)  which 
enter  the  lateral  column.  The  general  result  is  that  the  grey  matter  is  much  more  vascular 
than  the  white,  as  is  shown  m  fig.  453.  Some  small  vessels  come  from  the  pia  and  send 
branches  to  the  white  matter,  and  unbranched  arteries  to  the  grey  matter  whei'e  thev  form 
a  capillary  plexus.  The  blood-vessels  are  surrounded  by  perivascular  lymph-spaces  (His)  1 
[With  regard  to  the  blood-vessels  supplying  the  cord  as  a  whole,  Moxon  has  pointed  out  that 
owing  to  the  cord  not  being  as  long  as  the  vertebral  canal,  the  lower  nerves  have  to  run  down 
within  the  vertebral  canal,  before  they  emerge  from  the  appropriate  intervertebral  foramina  As 
re-enforcmg  arteries  enter  the  cord  along  the  course  of  these  nerves,  necessarily  the  branches 
entering  along  the  course  of  the  lumbar  and  lower  dorsal  nerves  are  long,  and  this,  tocrether  Avith 
their  small  size,  offers  considerable  resistance  to  the  blood-stream.  Hence  perhaps°the  reason 
why  the  lower  part  of  the  cord  is  so  apt  to  be  affected  by  various  pathological  conditions  ] 

[Functions  of  the  Spinal  Cord.— (1)  It  is  a  great  conducting  medium  con 

ducting  impulses  upwards  and  downwards,  and  within  itself  from  side  to ' side- 
(2)  the  great  reflex  centre,  or  rather  series  of  so-called  centres;  (3)  impulses 


originate  within  it.] 


flechsig's  systems  of  conducting  fibres. 
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Conducting  Systems.— The  whole  of  the  longitudinal  fibres  of  the  spinal  cord 
may  be  arranged  systematically  in  special  bundles,  according  to  their  function. 

[Methods. — The  course  fof  the  fibres  and  their  division  into  so-called  systems  has  l)een 
ascertained  partly  by  anatomical  and  embryological,  partly  by  physiological  and  patho- 
logical means.  Apart  from  experimental  methods,  such  as  dividing  one  column  of  the  cord 
and  ol)serving  the  results,  we  have  the  following  methods  of  investigation  :— (1)  Tiirck  found 
that  injury  or  disease  of  certain  parts  of  the  brain  was  followed  by  a  degeneration  downwards, 
or  secondary  descending  degeneration  of  certain  of  the  nerve-fibres  connected  with  the  seat 
of  injury,  i.t'.,  they  were  separated  from  their  trophic  centres  and  underwent  degeneration. 
(2)  P.  Schieferdecker  found  also,  after  section  of  the  cord,  that  above  and  below  the  level  of  the 
section,  certain  definite  tracts  of  white  matter  underwent  degeneration  [thus  showing  that 
certain  tracts  had  their  trophic  centre  below  ;  this  constitutes  secondary  ascending  degenera- 
tion], [(3)  Gudden's  Method. — He  showed,  as  regards  the  brain,  that  excision  of  a  sense- 
organ  in  a  young  growing  animal  was  followed  by  atrophy  of  the  nerve-fibres  and  some  other 
parts  connected  with  it.  Thus,  the  optic  nerve  and  anterior  corpora  quadrigemiua  atrophy 
after  excision  of  the  eyeball  in  young  rabbits.]  (4)  Embryological. — Flechsig  showed  that  the 
ftbres  of  the  cord  [and  the  brain  also]  during  development  became  covered  loith  myelin  at 
different  periods,  those  fibres  becoming  medullated  latest  which  had  the  longest  course.  In 
this  way  he  mapped  out  the  following  systems 

Flechsig's  Systems  of  Fibres. — 1.  In  the  anterior  column  lie  (a)  the  uncrossed, 
anterior,  or  direct  pyramidal  tract  [also  called  the  Column  of  Turck] ;  and  ex- 
ternal to  it  is  {h)  the  anterior  ground  bundle, 

or  anterior  radicular  zone  (fig.  45-1).  [The 
direct  pyramidal  tract  varies  in  size,  and  it 
generally  extends  downwards  in  the  cord  to 
about  the  middle  of  the  dorsal  region,  dimin- 
ishing steadily  in  its  course  ;  so  that  it  would 
seem  that  this  tract  contains  chiefly  fibres  for 
the  arm.  We  do  not  know,  exactly,  how  these 
fibres  end,  whether  they  cross  to  the  opposite  h... 
side,  or  remain  on  the  same  side,  but  most  prob- 
ably most  of  them  pass  through  the  anterior 
commissure  to  the  grey  matter  of  the  opposite 
side.] 

2.  In  the  posterior  column  he  distinguishes 
(r)  GoU's  column,  or  the  jyostero-viedian  (pos- 
tero-internal)  column  ;  and  (d)  the  funiculus  Scheme  of  the  conducting  paths  in  the 

7>     J    7)    '    ;         L  ..^.y^..."^,.     spinal  cord  at  the  3rd  dorsal  nerve, 

cuneatus,  Burdach's  column,  or  the  jyosteiioi     r^i^^y^i^^^  pa^  is  the  grey  matter,  v, 

radicular  zone,  or  the  jiostero-external  column.  - 

3.  In  the  lateral  column  are  (e)  the  antero- 
lateral tract  and  (/)  the  lateral  mixed 
paths,  or  latercd  limiting  tract,  (g)  the  lateral 
or  crossed  pyramidal  tract,  and  (h)  the  direct 
cerebellar  tract. 

[All  the  impulses  from  the  central  convolutions  or  motor  areas  of  the  cerebrum,  by 
means  of  which  voluntary  movements  are  executed,  are  conducted  by  the  pyramidal 
tracts  a  and  g  (§  365).  The  fibres  in  these  tracts  descend  from  the  central  con- 
volutions, i.e.,  the  motor  areas  pass  through  the  white  matter  of  the  cerebrum,  con- 
verging like  the  rays  of  a  fan  to  the  internal  capsule,  where  they  lie  in  the  knee 
and  an'terior  two-thirds  of  its  posterior  segment  (the  fibres  for  the  face  at  the  knee, 
and  behind  this  in  order  those  for  the  arm  and  leg),  they  then  enter  the  middle-third 
of  the  crusta  (fig.  502,  Py),  pass  through  the  pons  into  the  anterior  pyramids  of  the 
medulla  oblongata,  where  the  great  mass  crosses  over  to  the  lateral  column  of  the 
opposite  side  of  the  cord  (crossed  pyramidal  tract),  a  small  part  descending  in  the 
cord  on  the  same  side  as  the  antero-median  tract  (direct  pyramidal  tract,  a).  The 
crossed  pyramidal  tract  lies  external  to  the  posterior  half  of  the  grey  matter  in  the 
lateral  column  (fig.  454,  g),  and  it  extends  throughout  the  length  of  the  cord.  In 


Fig.  454. 


anterior,  Mv,  posterior,  root ;  a, 
direct,  and(^,  crossed,  pyramidal  tracts; 
h,  anterior  column  ground  Imndle  ;  c, 
Goll's  column  ;  d,  postero-extcrnal 
column  ;  e  and/,  mixed  lateral  paths; 
7i,  direct  cerebellar  tracts. 
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the  greater  part  of  its  course,  it  is  separated  from  the  surface  by  the  direct  cerebellar 
tract,  but  where  the  latter  lies  further  forward,  as  at  the  third  cervical  segment  and 
lower  dorsal  region,  its  posterior  surface  reaches  the  surface,  while  from  the  last  dorsal 
segment,  throughout  the  lumbar  region,  it  comes  quite  to  the  surface,  as  the  direct 
cerebellar  tract  ceases  at  the  first  lumbar  vertebra.  The  pyramidal  tract  diminislies 
from  above  downwards,  and  its  fibres  pass  into  the  grey  matter  of  the  anterior 
cornu,  and  in  all  probability  they  subdivide  to  form  fine  fibrils,  which  become  con- 
nected with  the  dense  plexus  of  fine  fibrils  produced  by  the  subdivision  of  the 
processes  of  the  multipolar  nerve-cells.  From  each  multipolar  nerve-cell,  a  nerve- 
fibre  proceeds  and  passes  into  the  anterior  root.  The  direct  cerebellar  tract  (h) 
begins  about  the  first  lumbar  nerve,  and  increases  somewhat  in  thickness  from 
below  upwards,  but  most  of  its  fibres  enter  it  at  the  first  lumbar  and  lowest  dorsal 
nerves.  It  forms  a  thin  layer  on  the  surface  of  the  cord.  Its  fibres  very  probably 
arise  in  the  cells  of  Clarke's  column.  As  Clarke's  column  is  connected  with  some 
of  the  fibres  of  the  posterior  root  (for  the  trunk  of  the  body),  it  follows  that  this  tract 
connects  certain  parts  of  the  posterior  roots  with  the  cerebellum.  The  fibres  pass 
up  through  the  cord  and  restiform  body  to  the  cerebellum.  When  it  is  divided,  it 
degenerates  upwards,  so  that  it  conducts  impulses  in  a  centripetal  direction.]  The 
anterior  (e)  and  lateral  paths  (/)  and  the  anterior  ground  bundle  (b)  represent  the 
channels  which  connect  the  grey  matter  of  the  spinal  cord  and  that  of  the  medulla 
oblongata ;  they  represent  the  channels  for  reflex  effects,  and  they  also  contain 
those  fibres  which  are  the  direct  continuation  of  the  anterior  spinal  nerve-roots, 
which  enter  the  cord  at  different  levels  and  penetrate  into  the  grey  matter.  In  e 
and /there  are  some  sensory  paths.  Lastly,  c  unites  the  posterior  roots  with  the 
grey  nuclei  of  the  funiculi  graciles  of  the  medulla  oblongata ;  d  connects  some  of 
the  posterior  nerve-roots  through  the  restiform  body  with  the  vermiform  process  of 
the  cerebellum  (Flecksig).  The  direction  of  conduction  in  the  posterior  columns, 
which  are  continuations  of  some  of  the  fibres  of  the  posterior  roots,  is  upwards,  as 
part  of  them  degenerates  upwards  after  section  of  the  posterior  root.  Of  the  fibres 
of  each  posterior  root,  some  pass  directly  into  the  posterior  horn,  another  part 
ascends  in  the  posterior  column  of  the  same  side,  and  gradually  as  it  ascends,  it 
comes  nearer  the  posterior  median  fissure.  Some  of  these  fibres  enter  the  grey 
matter  of  the  posterior  horn  at  a  higher  level.  The  fibres  of  the  posterior  columns 
run  upwards  as  far  as  the  interolivary  layer  and  the  decussation  of  the  pyramids, 
where  they  seem  to  end,  or  at  least  form  connections  with  the  nerve-cells  of  the 
funiculi  graciles  [clava]  and  cuneati  [triangular  nucleus].  A  small  part  as  arcuate 
fibres  join  the  restiform  body,  and  thus  the  cerebellum  is  connected  with  the 
posterior  columns. 

Further,  the  transverse  sectional  area  of  the  direct  and  crossed  pyramidal  tracts  {a  and  g), 
the  lateral  cerebellar  tract  (/i),  and  GoU's  column  (c)  gradually  diminish  from  above  downwards; 
they  serve  to  connect  intracranial  central  parts  vdth  the  ganglionic  centres  distributed  alona 
the  spinal  cord.  The  anterior  root  bundle  (b),  the  funiculus  cuneatus  {d),  and  the  anterior 
rai.ved  lateral  tracts  (c)  vary  in  diameter  at  different  parts  of  the  cord,  corresponding  to  the 
number  of  nerve-roots.  It  has  been  concluded  from  this  that  these  tracts  serve  to  connect  the 
grey  matter  at  difierent  levels  in  the  cord  with  each  other,  and  ultimately  with  the  medulla 
oblongata,  so  that  they  do  not  pass  directly  to  the  higher  parts  of  the  brain  (fig.  443). 

Nutritive  Centres  of  the  Conducting  Paths.— Tiirck  observed  that  the 
destruction  of  certain  parts  of  the  brain  caused  a  secondary  degeneration  of  certain 
parts  of  the  cord,  corresponding  to  the  parts  called  pi/ramidal  tracts  by  Fleschicr 
(fig.  455).  P.  Schieferdecker  found  the  same  effects  heloio  where  he  divided  the 
spinal  cord  in  a  dog.  Hence,  it  is  concluded  that  the  nutritive  or  trophic  centre  of 
the  pyramidal  tracts  lies  in  the  cerebrum.  [Section  of  the  cord,  or  an  injury  com- 
pressing the  cord,  besides  giving  rise  to  loss  of  certain  functions  (p.  648),  results 
in  structural  changes  in  certain  limited  areas  of  the  cord  itself.    Below  the 'section 
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after  a  time,  the  direct  and  crossed  pyramidal  tracts  (fig.  -tSn,  1,  1',  2,  2')  degenerate 
downwards,  i.e.,  they  undergo  descending  secondary  degeneration,  because  they 
are  cut  off  from  their  nutritive 
or  trophic  centres,  which  are 
situated  above  in  the  pyramidal 
cells  of  the  motor  areas  of  the 
brain  (§  378).  The  trophic 
centre  for  the  fibres  of  the 
anterior  root  lies  in  the  multi- 
polar nerve-cells  of  the  anterior 
cornu  of  the  grey  matter  of  the 
cord.  After  section  of  the 
spinal  cord,  GoU's  column  and 
the  direct  cerebellar  tracts  de- 
generate npwairls,  i.e.,  they 
undergo  ascending  secondary 
degeneration.  If  the  posterior 
columns  even  be  divided,  OoU's 

column   degenerates   upwards  3  3 

towards  the  medulla  oblongata, 

and  the  degeneration  ends  in  Transverse  section  of  the  sphJal  cord,  showing  the  secondary 
the  posterior  pyramidal  nucleus  degeneration  tracts.  AR,  anterior,  TR,  postei-ior  root  ; 
or  clava.  The  same  result  1,  1'  (CPT),  region  of  the  crossed  pyramidal  tract ;  2,  2' 
occurs  if  the  posterior  nerve-     (DPT),  direct  pyramidal  tract;  PEC,  postero-external 

,      f  ,1  J  •       1        column;  LC,  lateral  column, 

roots  of  the  cauda  equina  be 

injured.  Hence,  fibres  seem  to  pass  from  the  posterior  root  into  these  columns,  and 
the  nerve-cells  in  the  clava  must  also  have  an  important  relation  to  these  nerve-fibres 
and  the  parts  whence  they  are  derived.  The  postero-external  column  remains  un- 
degenerated,  so  that  there  is  a  very  sharp  distinction  between  the  two  parts  of  the 
posterior  column.  As  Goll's  column  degenerates  upwards,  it  points  to  its  fibres 
conducting  impulses  in  a  centripetal  direction,  and  to  the  nutritive  centre  for  its 
nerve-fibres  being  below.  The  trophic  centre  is  probably  in  the  spinal  ganglion  of 
the  posterior  root.] 

[If  the  cord  be  divided  above  the  junction  of  the  dorsal  and  lumbar  regions,  the 
direct  cerebellar  tract  undergoes  ascending  degeneration,  which  extends  through 
the  restiform  body  to  the  cerebellum.  Its  trophic  centre  is  probably  in  the  cells  of 
Clarke's  column.]  Those  fibres  of  the  spinal  cord  which  do  not  degenerate  after 
section  of  the  cord,  especially  numerous  in  the  lateral  and  anterior  columns 
[anterior  ground  bundle,  the  anterior  and  lateral  mixed  zones  of  the  lateral  column, 
and  the  postero-external  part  of  the  posterior  column],  are  commissural  in  function, 
connecting  ganglionic  cells  with  each  other,  and  are,  therefore,  provided  with  a 
trophic  centre  at  both  ends. 

Time  of  Development. — "With  regard  to  the  time  of  development  of  the  individual  systems, 
Flechsig  finds  that  the  first  formed  paths  are  those  between  the  perijihery  and  the  central  grey 
matter,  especially  the  nerve-roots,  i.e.,  they  are  the  lirst  to  be  covered  with  tlie  myelin.  Then 
fibres  which  connect  the  grey  matter  at  different  levels  are  formed — the  fibres  which  connect 
the  grey  matter  of  the  cord  with  the  cerebellum,  and  also  the  former  with  the  tegmentum  of  the 
cerebral  peduncle.  At  last  the  fibres  which  connect  the  ganglia  of  the  pedunculus  cerebri,  and 
perhaps  also  the  grey  matter  of  the  cortex  cerebri  with  the  grey  matter  of  the  cord  are  forined. 
In  cases  of  anencephalous  fcetuses,  i.e.,  where  the  cerebrum  is  absent,  neither  the  pyramidal 
tracts  nor  the  pyramids  are  developed.  In  the  brai7i  before  birth,  medullated  nerve-fibres  are 
formed  in  the  paracentral,  central,  and  occipital  convolutions,  and  in  the  island  of  Reil,  and 
last  of  all  in  the  frontal  convolutions  {Tuczck). 

360.  SPINAL  REFLEXES.— By  the  term  reflex  movement  is  meant  a 
movement  caused  by  the  stimulation  of  an  af  event  (sensory)  nerve.    The  stimulus. 
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on  beinc^  ai-ulied  to  an  afferent  nerve,  sets  up  a  state  of  excitement  (nervous 
impulsefin  that  nerve,  which  state  of  excitement  is  transmitted  or  conducted  in  a 
cmtrmtal  direction  alontj  the  nerve  to  the  centre  (spinal  cord  in  this  case) ;  where 
the  nerve-cells  represent  the  nerve-centre  in  the  cord,  the  impulse  is  transferred 
to  the  motor,  efferent  or  centrifugal  channel.  Three  factors,  therefore,  are  essential 
for  a  reflex  motor  act— a  centripetal  or  af event  fibre,  a  transferring  centre,  a  centri- 
fugal or  efferent  fibre :  these  together  constitute  a  reflex  arc  (fig.  456).  In  a  purely 
reflex  diCt,  all  voluntary  activity  is  excluded. 

Reflex  movements  may  be  divided  into  the  three  following  groups  :— 
I.  The  simple  or  partial  reflexes,  which  are  characterised  by  the  fact  that 
stimulation  of  a  sensory  area  discharges  movement  in  one  muscle  only,  or  at  least 


Fig.  456.  Fig.  457. 

Fig.  456. — Scheme  of  a  reflex  arc.  S,  skin  ;  M,  muscle ;  N,  nerve-cell,  with  af,  afferent,  and 
ef,  efferent  fibres.  Fig.  457. — Section  of  a  .spinal  segment,  showing  a  unilateral  and  crossed 
reflex  act.    A,  anterior,  and  P,  posterior  surface ;  M,  muscle  ;  S,  skin  ;  G,  ganglion. 

in  one  limited  group  of  muscles.  Examples  : — A  blow  upon  the  knee  causes  a 
contraction  in  the  quadriceps  extensor  cruris ;  contact  with  the  conjunctiva  causes 
closure  of  the  eyelids.  In  the  former  case,  the  afferent  channels  arise  in  the  tendon 
of  the  quadriceps,  and  the  efferent  channels  lie  in  the  nerve  which  supplies  the 
quadriceps ;  in  the  latter  case,  the  afferent  nerve  is  the  5  th  and  the  efferent  the  7  th 
cranial  nerve.  In  the  former  case  the  centre  is  in  the  lumbar  region  of  the  cord  ; 
in  the  latter,  in  the  grey  matter  of  the  medulla  oblongata. 

II.  The  extensive  inco-ordinate  reflexes,  or  reflex  spasms. — These  movements 
occur  in  the  form  of  clonic  or  tetanic  contractions ;  individual  groups  of  muscles, 
or  all  the  muscles  of  the  body  may  be  implicated.    Causes : — A  reflex  spasm 
depends  upon  a  double  cause — (a)  Either  the  grey  matter  or  the  spinal  cord  is  in  a 
condition  of  exalted  excitability,  so  that  the  nervous  impulse,  after  having  reached 
the  centre,  is  easily  transferred  to  the  neighbouring  centres.    This  excessive 
excitability  is  produced  by  certain  poisons,  more  especially  by  strychnin,  brucia, 
caffein,  atropin,  nicotin,  carbolic  acid,  &c.    The  slightest  touch  applied  to  an 
animal  poisoned  with  strychnin  is  sufficient  to  throw  the  animal  at  once  into  spasms. 
Pathological  conditions  may  cause   a  similar  result ;  thus,  there  is  excessive 
excitability  in  hydrophobia  and  tetanus.    On  the  other  hand,  the  central  organ 
may  be  in  sucli  a  condition  that  extensive  reflexes  cannot  take  place ;  thus,  in  "the 
condition  of  apnoea,  the  spasms  that  occur  in  poisoning  with  strychnin  do  not  take 
place  {J.  Rosenthal  and  Leuhe),  and  the  same  result  is  brought  about  by  passive 
artificial  respiratory  movements  (§  361,  3).    The  performance  of  other  passive 
periodic  movements  in  various  parts  of  the  body  also  produces  a  similar  condition 
(Buchheim).    If  the  spinal  cord  be  cooled  very  considerably,  reflex  spasms  may  not 
occur  (Kunde).    (b)  Extensive  reflex  movements  may  also  take  place  when  the 
discharging  stimnhis  is  very  strong.    Examples  of  this  condition  occur  in  man, 
thus — intense  neuralgia  may  be  accompanied  by  extensive  spasmodic  movements. 
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[Fig.  458  shows  the  mechanism  of  simple  and  complex  reflex  movements.  Suppose  the  skin 
to  be  stimulated  at  P,  an  impulse  is  sent  to  A  and  from  it  to  a  muscle  1  ou  the  same  side,  result- 
ing in  a  unilateral  simple  reflex  movement— the  resistance  being  less  in  this  direction  thau  in 
the  other  channels.  If  the  impulse  be  stronger,  or  the  transverse  resistance  in  the  cord  dimin- 
ished, the  impulse  may  pass  to  B,  thence  to  2,  resulting  in  a  symmetrical  reflex  movement  on 
both  sides.  But  if  a  very  sti'ong  impulse  reach  the  °  ord,  or  if  the  excitability  of  the  grey 
matter  be  increased,  e.g.,  by  strychnin,  the  resistance  to  the  diflusiou  of  the  imjmlse  is  dimin- 
ished, and  it  passes  upward  to  C  and  D,  resulting  in  more  complex  movements — thus  there  is 
irradiation— or  it  may  even  affect  the  centres  in  the  medulla  oblongata,  E,  giving  rise  to 
general  convulsive  movements.] 

General  spasms  usually  manifest  themselves  as  "extensor  tetanus,"  because  the  extensors 
overcome  the  flexor  muscles.  Nerves  which  arise  from  the  medulla  oblongata  may  be  excited 
through  the  stimulation  of  distant  aff'erent  nerves,  without  general  spasms  being  produced. 

Strychnin  is  the  most  powerful  reflex-producing  poison  we  possess,  and  it  acts  upon  the  grey 
matter  of  the  spinal  cord.  [An  animal  poisoned 
with  strychnin  exhibits  tetanic  spasms  on  the 
application  of  the  slightest  stimulus.  All  the 
muscles  become  rigid,  but  the  extensors  overcome 
the  flexors.  ]  If  the  heart  of  a  frog  be  ligatured, 
and  the  poison  afterwards  applied  directly  to  the 
spinal  cord,  reflex  spasms  are  produced,  proving 
that  strychnin  acts  upon  the  spinal  cord.  During 
the  spasm  the  heart  is  arrested  in  diastole,  owing 
to  the  stimulation  of  the  vagus,  while  the  arterial 
blood-pressure  is  greatly  increased,  owing  to  stimu- 
lation of  the  central  vaso-motor  centres  of  the  me- 
dulla oblongata  and  spinal  cord.  Mammals  may 
die  from  asphyxia  during  the  attack  ;  and,  after 
large  doses,  death  may  occur,  owing  to  paralysis 
of  the  spinal  cord,  due  to  the  frequently  recurring 
spasms.  Fowls  are  unafi"ected  by  comparative!}' 
large  doses.  [We  can  prove  that  strychnin  does 
not  produce  spasms  by  acting  on  the  brain, 
muscle,  or  nerve.  Destroy  the  brain  of  a  frog, 
divide  one  sciatic  nerve  high  up,  and  inject  a  small 
dose  of  strychnin  into  the  dorsal  lymph-sac  ;  in 
a  few  minutes  all  the  muscles  of  the  body,  except 
those  supplied  by  the  divided  nerve,  will  be  in 
spasms,  showing  that,  although  the  poisoned  blood 
has  circulated  in  the  nerves  and  muscles  of  the 
leg,  it  does  not  act  on  them.  Destroy  the  spinal 
cord,  and  the  spasms  cease  at  once.] 

Summation  of  Stimuli. — By  this  term 
is  meant,  tbat  a  single  weak  stimulus,  Fig.  458. 

which  in  itself  is  incapable  of  discharging   Scheme  of  mode  of  propagation  of  reflex 
a  reflex  act,  may,  if  repeated  sufficiently      movements.    P,  skin  ;  A,  B  C  D,  motor 
,  '       il.        .      mi       •     I     •         cells  in  spmal  cord ;  1, 2,  3,  4,  5,  muscles, 

often,  produce  this  act.    The  smgle  im-  ^ 

pulses  are  conducted  to  the  spinal  cord,  in  which  the  process  of  "  summation  " 
takes  place.  According  to  J.  Rosenthal,  3  feeble  stimuli  per  .second  are  capable 
of  producing  this  effect,  although  16  stimuli  per  second  are  most  effective.  On 
increasing  the  number  of  stimuli  per  second,  no  further  increase  of  the  reflex  act  is 
possible.  Other  observers  {Stirling,  Ward)  have  found  that  stimuli,  such  as  in- 
duction shocks,  are  active  within  much  wider  limits,  e.g.,  from  0'05  to  0*4  second 
interval.  W.  Stirling  has  shown  it  to  be  extremely  probable  that  all  reflex  acts 
are  due  to  the  repetition  of  impulses  in  the  nerve-centres. 

[Strychnin  interferes  with  the  summation  of  stimuli,  but  the  reflex  excitability  is  so  greatly 
exalted  that  a  minimal  stimulus  is  at  the  same  time  a  maximal  one.] 

Pfliiger's  Law  of  Keflex  Actions. — (1)  The  reflex  movement  occurs  on  the  same  side  on  which 
the  sensory  nerve  is  stimulated ;  while  only  those  muscles  contract  whose  nerves  arise  from  the 
same  segment  of  the  spinal  cord.  (2)  If  the  reflex  occur  on  the  other  side,  only  the  corre- 
sponding muscles  contract.  (3)  If  the  contractions  be  unequal  upon  the  two  sides,  then  the 
most  vigorous  contractions  always  occur  on  the  side  which  is  stimulated.  (4)  If  the  reflex 
excitement  extend  to  other  motor  nerves,  those  nerves  are  always  affected  which  lie  in  the 
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direction  of  the  medulla  oblongata.    Lastly,  all  the  muscles  of  the  body  may  be  thrown  into 

contraction.  ,        .       ,  ^,  i    •       ^  i 

Crossed  Reflexes. —There  are  exceptions  to  these  rules.  If  the  region  of  the  eye  be  irritated 
in  a  frof  whose  cerebrum  is  removed,  there  is  freijuently  a  reHex  contraction  in  the  hind  limb 
of  the  opi'osite  side  {Luchshigcr,  Lumjcndorf).  In  beheaded  tritons  and  tortoises,  and  in  deei^ly 
narcotised  dogs  and  cats,  tickling  one  fore"  limb  is  frequently  followed  by  a  movement  of  the 
hind  limb  of  the  opposite  side  (ii<67isirt(/e?-).  This  phenomenon  is  called  a  "  crossed  reflex  " 
(tig.  457).  If  the  spinal  cord  be  divided  along  the  middle  line  throughout  its  entire  extent, 
then  of  course  the  reflexes  are  confined  to  one  side  only  {Schiff). 

III.  Extensive  co-ordinated  reflexes  are  due  to  stimulation  of  a  sensory  nerve, 

causing  the  discharge  of  complicated  reflex  movements  in  whole  groups  of  different 

muscles,  the  movements  being  "  purposive  "  in  character,  i.e.,  as  if  they  were 

intended  for  a  particular  purpose. 

Methods. — The  experiments  are  made  upon  cold-blooded  animals  (decapitated  or  pithed  frogs, 
tortoises,  or  eels)  or  ujion  mammals.  In  the  latter,  artificial  respiration  is  kept  up,  and  the 
four  arteries  going  to  the  head  are  ligatured,  in  order  to  eliminate  the  action  of  the  brain  {Siij, 
Mayer,  Luchsinger).  The  reflexes  of  the  lower  part  of  the  spinal  cord  may  lie  studied  on  animals 
(or  men),  in  cases  where  the  spinal  cord  is  divided  transversely  in  the  ujiper  dorsal  region.  In 
such  cases,  some  time  must  elapse  in  order  that  the  primary  efl'ect  of  the  lesion  (the  so-called 
shock),  which  usually  causes  a  diminution  of  the  reflexes,  may  pass  otf.  Very  young  mammals 
exhibit  reflexes  for  a  considerable  time  after  they  are  beheaded. 

Examples: — 1.  The  protective  movements  of  pithed  or  decapitated  frogs.  [If 
a  drop  of  a  dilute  acid  be  applied  to  the  skin  of  such  a  frog,  immediately  it  strives 
to  get  rid  of  the  offending  body,  and  it  generally  succeeds  in  doing  so.]  Similarly, 
it  kicks  against  any  fixed  body  pushed  against  it.  These  movements  are  so 
purposive  in  their  character,  and  the  actions  of  groups  of  muscles  are  so  adjusted  to 
perform  a  particular  act,  that  Pfliiger  regarded  them  as  directed  by,  and  due  to 
"consciousness  of  the  spinal  cord."  If  a  flame  be  applied  to  the  side  or  part  of  the 
body  of  an  eel,  the  body  is  moved  away  from  the  flame.  The  tail  of  a  decapitated 
triton,  tortoise,  newt,  eel,  or  snake  is  directed  towards  a  gentle  stimulus,  but  if  a 
violent  stimulus  is  used,  it  is  directed  away  from  it  (Luchsinger). 

2.  Goltz's  Croaking  Experiment. — A  pithed  (male)  frog,  i.e.,  one  with  its 
cerebral  lobes  alone  removed  (or  one  with  its  eyes  or  ears  destroyed — Langendorf), 
croaks  every  time  the  skin  of  its  back  or  flanks  is  gently  stroked.  [Some  male 
frogs,  when  held  up  by  the  finger  and  thumb  immediately  behind  the  fore  legs, 
croak  every  time  gentle  pressure  is  made  on  their  flank.] 

3.  Goltz's  "Embrace  Experiment." — During  the  breeding  season  in  spring,  the 
part  of  the  body  of  the  male  frog  between  the  skull  and  the  fourth  vertebra, 
embraces  every  rigid  object,  which  is  brought  into  contact  with,  and  gently 
stimulates,  the  skin  over  the  sternum. 

In  the  intact  animal,  the  exciting  stimulus  lies  in  the  degree  of  filling  of  the  male  seminal  oro'an 
{Tarchanoff).    The  reflex  ceases  at  once  on  gently  stimulating  the  optic  lobes  {Alberioni).  ° 

4.  In  mammals  (dogs),  the  following  reflex  acts  are  performed  by  the  posterior 
part  of  the  spinal  cord,  even  after  it  is  separated  from  the  rest  of  the  cord : — 
Scratching  with  the  hind  feet  a  part  of  the  skin  which  has  been  tickled  (just  as  in 
intact  animals)  ;  the  movements  necessary  for  emptying  the  bladder  and  for 
defecation,  as  well  as  those  necessary  for  erection  ;  the  movements  necessary  for 
parturition  {Goltz,  Freusherg  and  Gergens).  Co-ordinated  movements  do  not,  as  a 
rule,  occur  simultaneously  in  portions  of  the  spinal  cord  lying  widely  apart  after 
removal  of  the  medulla  oblongata.  According  to  Ludwig  and  Owsjannikow,  the 
medulla  oblongata  perhaps  contains  a  reflex  organ  of  a  higher  order,  which  forms 
as  it  were,  a  centre  for  combining,  through  the  medium  of  the  nerve-fibres,  the 
various  reflex  provinces  in  the  spinal  cord. 

5.  Co-ordinated  reflexes  may  occur  in  man  during  sleep,  and  during  pathological 
comatose  conditions. 

Most  of  the  movements  which  we  perform  while  we  are  awake,  and  which  we  execute  uncon- 
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sciously— or  even  when  our  psychical  activities  are  concentrated  upon  some  other  object— really 
belong  to  the  category  of  co-ordinated  reflexes.  Many  complicated  motor  acts  must  first  be 
learned — caj.,  dancing,  skating,  riding,  walking — before  unconscious  harmonious  co-ordinated 
reflexes  can  again  be  discharged.  The  co-ordinated  reflex  movements  of  coughing,  sneezing, 
and  vomiting  depend  upon  the  spinal  cord,  together  with  the  medulla  oblongata. 

The  following  facts  are  also  important : — 

1.  Eeflexes  are  more  easily  and  more  completely  discharged,  when  the  specific 
end-organ  of  the  afferent  nerve  is  stimulated,  than  when  the  trunk  of  the  nerve  is 
stimulated  in  its  course  {Marshall  Hall,  1837).  [Thus,  by  gently  tickling  the 
skin,  it  is  easy  to  discharge  a  reflex  act,  while  it  requires  a  strong  stimulus  to  be 
applied  to  an  exposed  sensory  nerve  in  order  to  do  so.] 

2.  A  stronger  stimulus  is  required  to  discharge  a  reflex  movement  than  for  the 
direct  stimulation  of  motor  nerves. 

3.  A  movement  produced  reflexly  is  of  shorter  duration  than  the  corresponding 
movement  executed  voluntarily.  Further,  the  occurrence  of  the  movement  after 
the  moment  of  stimulation  is  distincthj  delayed.  In  the  frog,  a  period  nearly 
twelve  times  as  long  elapses  before  the  occurrence  of  the  contraction,  than  is 
occupied  in  the  transmission  of  the  impulse  in  the  sensory  and  motor  nerves 
{Helmholtx,  1854:).  Thus,  the  spinal  cord  offers  resistance  to  the  transmission  of 
impulses  through  it 

The  term  ' '  reflex  time  "  is  applied  to  the  time  necessary  for  transferring  the  impulse  from 
the  atferent  fibre  to  the  nerve-cells  of  the  cord,  and  from  them  to  the  erterent  fibre.  In  the 
fiog  it  is  equal  to  O'OOS  to  O'Olo  second.  The  time,  however,  is  increased  by  almost  one-third, 
if  the  impulse  pass  to  the  other  side  of  the  cord,  or  if  it  pass  along  the  cord,  e.cj.,  from  the 
sensory  nerves  of  the  anterior  extremity  to  the  motor  roots  of  the  posterior  limb.  Heat  dimi- 
nishes the  reflex  time  and  increases  the  reflex  excitability.  Lowering  the  temperature  (winter 
frogs),  as  well  as  the  reflex-exciting  poisons  already  mentioned,  lengtliens  the  reflex  time,  whilst 
the  reflex  excitability  is  simultaneou.sly  increased.  Conversely,  the  reflex  time  diminishes  as 
the  strength  of  the  stimulus  increases,  and  it  may  even  become  of  minimal  duration  {J. 
ItoseiU/ml).  The  reflex  time  is  determined  by  ascertaining  the  moment  at  which  the  sensory 
nerve  is  stimulated,  and  the  subsequent  contraction  occurs.  Deduct  from  this  the  time  of 
latent  stimulation  298,  I.),  and  the  time  necessary  for  the  conduction  of  the  impulse  (§  298) 
in  the  aflerent  and  efferent  nerves  {v.  Hclmholtz,  J.  Rosenthal,  Exner,  Wxmdt). 

[Influence  of  Poisons. — The  latent  period  and  reflex  time  are  influenced  by  a  large  number 
of  conditions.  In  a  research  as  yet  unpublished,  AV.  Stirling  finds  that  the  latent  period  may 
remain  nearly  constant  in  a  pithed  frog  for  nearly  two  days,  when  tested  by  Tiirck's  method. 
Sodic  chloride  does  not  influence  the  time,  nor  does  sodic  bromide  or  iodide.  Potassic  chloride, 
however,  lengthens  it  enormously,  or  even  abolishes  reflex  action  after  a  very  short  time,  and 
so  do  potassic  bromide,  ammonium  chloride  and  bromide,  chloral  and  crotou-chloral.  The 
lithia  salts  also  lengthen  the  reflex  time,  or  abolish  the  reflex  act  after  a  time.] 

361.  INHIBITION  OF  THE  REFLEXES.— Within  the  body  there  are 
mechanisms  which  can  mppress  or  inhibit  the  discharge  of  reflexes,  and  they  may 
therefore  be  termed  mechanisms  inhibiting  the  reflexes.    These  are  : — 

1.  Voluntary  Inhibition. — Reflexes  may  be  inhibited  voluntarily,  both  in  the 
region  of  the  spinal  cord  and  brain.  Examples  : — Keeping  the  eyelids  open  when 
the  eyeball  is  touched  ;  arrest  of  movement  when  the  skin  is  tickled.  We  must 
observe,  however,  that  the  suppression  of  reflexes  is  possible  only  up  to  a  certain 
point.  If  the  stimulus  be  strong,  and  repeated  with  sufflcient  frequency,  the  reflex 
impulse  ultimately  overcomes  the  voluntary  effort.  It  is  impossible  to  suppress 
those  reflex  movements  which  cannot  at  any  time  be  performed  voluntarily.  Thus, 
erection,  ejaculation,  parturition,  and  the  movements  of  the  iris,  are  neither  direct 
voluntary  acts,  nor  can  they,  when  they  are  excited  reflexly,  be  suppressed  by  the 
will. 

2.  Setschenow's  inhibitory  centre  is  another  cerebral  apparatus,  which  in  the 
frog  is  placed  in  the  optic  lobes.  If  the  optic  lobes  be  separated  from  the  rest  of 
the  brain  and  spinal  cord,  by  a  section  made  below  it,  the  reflex  excitability  is 
increased.    If  the  lower  divided  surface  of  the  optic  lobes  be  stimulated  with  a 
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crystal  of  common  salt  or  blood,  the  reflex  movements  are  suppressed.  The  same 
results  obtain  when  only  one  side  is  operated  on.  Similar  organs  are  supposed  to 
be  present  in  the  corpora  quadrigemina  and  medulla  oblongata  of  the  higher  verte- 
brates. From  1  and  2  we  may  explain  why  reflex  movements  occur  more  regularly 
and  more  readily  after  separation  of  the  brain  from  the  spinal  cord. 

[Quinine  greatly  diminishes  the  reflex  excitability  in  the  frog,  but  if  the  medulla  oblongata 
be  divided,  the  reflex  excitability  of  the  cord  is  restored.  The  depression  is  ascribed  by  Chaperon 
to  the  action  of  the  quinine  on  Setschenow's  centres.] 

3.  Strong  stimulation  of  a  sensory  nerve  inhibits  reflex  movements.  The 
reflex  does  not  take  place  if  an  afferent  nerve  be  stimulated  very  powerfully  {Goltz, 
Leivisson).  Examples  : — Suppressing  a  sneeze  by  friction  of  the  nose,  [compressing 
the  skin  of  the  nose  over  the  exit  of  the  nasal  nerve] ;  suppression  of  the  move- 
ments produced  by  tickling,  by  biting  the  tongue.  Very  violent  stimulation  may 
even  suppress  the  co-ordinated  reflex  movements  usually  controlled  by  voluntary 
impulses.  Violent  pain  of  the  abdominal  organs  (intestine,  uterus,  kidneys,  bladder, 
or  liver)  may  prevent  a  person  from  walking  or  even  from  standing.  To  the  same 
category  belongs  the  fact  that  persons  fall  down  when  internal  organs  richly 
supplied  with  nerves  are  injured,  there  being  neither  injury  of  the  motor  nerves  nor 
loss  of  blood  to  account  for  the  phenomenon.  Excitement  of  the  central  organs 
through  other  centripetal  channels  (nerves  of  special  sense,  and  those  of  the 
generative  organs)  diminishes  the  reflexes  in  other  channels. 

4.  It  is  important  to  note  that  in  the  suppression  of  reflexes,  antagonistic  muscles  are  often 
thrown  into  action,  whether  voluntarily  or  by  the  stimulation  of  sensory  nerves,  i.e.,  reflexly. 
In  some  cases,  in  order  to  cause  suppression  of  the  reflex,  it  appears  to  be  suflicient  to  direct  our 
attention  to  the  execution  of  such  a  complicated  reflex  act.  Thus,  some  persons  cannot  sneeze 
when  they  think  intently  upon  this  act  itself  {Darwin).  The  voluntary  impulse  rapidly  reaches 
the  reflex  centre,  and  begins  to  influence  it  so  that  the  normal  course  of  the  reflex  stimulation, 
due  to  an  impulse  from  the  periphery,  is  interfered  with  (Schlosser). 

5.  Poisons. — Chloroform  diminishes  the  reflex  excitability  by  acting  upon  the 
centre,  and  a  similar  effect  is  produced  by  picrotoxin,  morphia,  narcotin,  thebain, 
aconitin,  quinine,  hydrocyanic  acid.  [W.  Stirling  finds  that  chloral,  potassic 
bromide  and  chloride,  ammonium  chloride,  but  not  sodium  chloride,  greatly  diminish 
the  reflex  excitability.    Nicotin  increases  it  in  frogs  (Freusberc/).] 

A  constant  current  of  electricity  passed  longitudinally  through  the  cord 
diminishes  the  reflexes  (Banke),  especially  if  the  direction  of  the  current  is  from 
above  downwards  {Legros  and  Onimus,  Usjyetisky). 

[Some  drugs  affect  the  reflex  excitability  directly  by  acting  on  the  spinal  cord,  e.g., 
methylconine,  but  other  drugs  may  produce  the  same  result  indirectly  by  affecting  the' heart 
and  the  blood-supply  to  the  cord.  If  the  abdominal  aorta  of  a  rabbit  be  compressed  for  a  few 
minutes  to  cut  ofl"  the  supply  of  blood  to  the  cord  and  lower  limbs,  temporary  paraplegia  is 
produced.  ] 

If  frogs  be  asphyxiated  in  air  deprived  of  all  its  0,  the  brain  and  spinal  cord  become 
completely  unexcitable,  and  can  no  longer  discharge  reflex  acts.  The  motor  nerves  and  the 
muscles,  however,  suH'er  very  little,  and  may  retain  their  excitability  for  many  days  {Auhert). 

[Nature  of  Inhibition.— The  foregoing  view  assumes  the  existence  of  inhibitory  centres,  but 
it  is  important  to  point  out  that  it  has  been  attempted  to  explain  this  phenomenon  without 
postulating  the  existence  of  inhibitory  centres.  During  inhibition  the  function  of  an  oro-au  is 
restrained— during  paralysis  it  is  abolished,  so  that  there  is  a  sharp  distinction  between  the  two 
conditions.  The  analogy  between  inhibitory  i^henomena  and  the  effects  of  interference  of 
waves  of  light  or  sound  has  been  pointed  out  by  Bernard  and  Romanes,  while  Lauder  Eruntou 
has  tried  to  explain  the  question  on  a  physical  basis,  indicating  that  inhibition  is  not  dependent 
on  the  existence  of  special  inhibitory  centres,  but  that  stimulation  and  inhibition  are  different 
phases  of  excitement,  the  two  terms  being  relative  conditions  depending  on  the  lenc^th  of  the 
path  along  which  the  impulse  has  to  travel  and  the  rate  of  its  transmission.  Bruifton  points 
out  that  the  known  facts  are  more  consistent  with  an  hypothesis  of  the  interference  of  waves 
one  with  another,  than  with  the  supposition  that  there  are  inhibitory  centres  for  every  so-called 
inhibitory  act  in  the  body.  In  discussing  this  ([uestion  great  regard  must  be  had  to  the  action 
ot  the  vagus  on  the  heart  (§  369).]; 
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Turck's  method  of  testing  the  reflex  excitability  of  a  frog  is  the  following  :— A 
frog  is  pithed,  and  after  it  has  recovered  from  the  shock,  its  foot  is  dipped  into 
dihite  mlplmric  acid  [2  per  1000].  The  time  which  elapses  between  the  leg  being 
dipped  in  and  the  moment  it  is  withdrawn  is  noted.  [The  time  may  be  estimated 
by  means  of  a  metronome,  or  the  movements  may  be  inscribed  upon  a  recording 
surface.    The  time  which  elapses  is  known  as  the  "  period  of  latent  stimulation."] 

This  time  is  greatly  prolonged  after  the  optic  lobes  have  been  stimulated  with  a  crystal  of 
common  salt  or  blood,  or  after  the  stimulation  of  a  sensory  nerve. 

Setschenow  distinguished  tactile  lellexes,  wliich  are  discharged  by  stimulation  of  the  nerves 
of  touch  ;  and  pathic,  which  are  due  to  stimulation  sensory  (iiaiu-conducting)  fibres.  He  and 
Paschutin  suppose  that  the  tactile  reflexes  are  suppressed  by  vohmtary  impulses,  and  the  jjathic 
by  the  centre  in  the  optic  lobes. 

Theory  of  Eefiex  Movements.— The  following  theory  has  been  propounded  to  account  for  the 
phenomena  already  described  :— It  is  assumed  that  the  afferent  fibre  within  the  grey  matter  of 
the  spinal  cord  joins  one  or  more  nerve-cells,  and  thus  is  i)laced  in  communication  in  all  direc- 
tions with  the  network  of  hbres  in  the  grey  substance.  Any  impulse  reaching  the  grey  matter 
of  the  cord  has  to  overcome  coiisidcrable  resistance.  The  least  resistance  lies  in  the  direction 
of  those  efferent  fibres  which  emerge  in  the  same  plane  and  upon  the  same  side  as  the  entering 
fibre.  Thus,  the  feeblest  stimulus  gives  vise  to  a  simple  reflex,  which  generally  is  merely  a 
simple  protective  movement  for  the  part  of  the  skin  which  is  stimulated.  Still  greater  resist- 
ance is  opposed  in  the  direction  of  other  motor  ganglia.  If  the  reflex  impulse  is  to  pass  to 
these  ganglia,  either  the  discharging  stimulus  must  be  considerably  increased,  or  the  resistance 
within  the  connections  of  the  ganglia  of  the  grey  matter  must  be  diminished.  The  latter 
condition  is  produced  by  the  action  of  the  above-named  poisons,  as  well  as  during  general 
increased  nervous  excitability  (hysteria,  nervousness).  Thus,  extensive  reflex  spasms  may  be 
produced  either  by  increasing  the  stimulus,  or  by  diminishing  the  resistance  to  conduction  in 
the  spinal  cord.  Those  conditions  which  render  the  occurrence  of  reflexes  more  difficult,  or 
abolish  them  altogether,  must  be  regarded  as  increasing  the  resistance  in  the  reflex  arc  in  the 
cord.    The  action  of  the  reflex  inhibitory  mechanism  may  be  viewed  in  a  similar  manner. 

The  fibres  of  the  reflex  arc  must  have  a  connection  with  the  reflex  inhibitory  paths ;  we  must 
assume  that  equally  by  the  reflex  inhibitory  stimulation  resistance  is  introduced  into  the  reflex 
arc.  The  explanation  of  extensive  co-ordinated  movements  is  accompanied  with  difficulties.  It 
is  assumed,  that  by  use  and  also  by  heredity,  those  ganglionic  cells  which  are  the  first  to  receive 
the  impulse  are  jilaced  in  the  path  of  least  resistance  in  connection  with  those  cells  which 
transfer  the  impulse  to  the  groups  of  muscles,  whose  contraction,  resulting  in  a  co-ordinated 
purposive  movement,  prevents  the  body  or  the  limb  from  being  affected  by  any  injurious 
influences. 

Pathological. — Anomalies  of  reflex  activity  afford  an  important  field  to  the  physician  in  the 
investigation  of  nervous  diseases.  Enfeeblement,  or  even  complete  abolition  of  the  reflexes 
may  occur  : — (1)  Owing  to  diminished  sensibility  or  complete  insensibility  of  the  aflerent  fibres  ; 
(2)  in  analogous  affections  of  the  central  organ;  (3)  or,  lastly,  of  the  efferent  fibres.  Where 
there  is  general  depression  of  the  nervous  activity  (as  after  shocks,  compression  or  inflammation 
of  the  central  nervous  organs ;  in  asphyxia,  in  deep  conui,  and  in  conseciuence  of  the  action  of 
many  poisons),  the  reflexes  may  be  greatly  diminished  or  even  abolished. 

[Reflexes. — The  physician,  by  studying  the  condition  of  the  reflexes,  can  form  an 
idea  as  to  the  condition  of  practically  every  inch  of  the  spinal  cord.  There  are 
three  groups  of  reflexes,  (a)  the  superficial,  (b)  the  deep  or  tendon,  (c)  the  organic 
reflexes.] 

[The  superficial  or  skin  reflexes  are  excited  by  stimulating  the  skin,  e.g.,  by 
tickling,  pricking,  scratching,  &c.  We  can  obtain  a  series  of  reflexes  from  below 
as  far  up  as  the  lower  part  of  the  cervical  region.  The  plantar  reflex  is  obtained 
by  tickling  the  soles  of  the  feet,  when  the  leg  on  that  side,  or,  it  may  be,  both  legs 
are  drawn  up.  It  is  always  present  in  health,  and  its  centre  is  in  the  lumbar 
enlargement  of  the  cord.  The  cremasteric  reflex  is  well  marked  in  boys,  and  is 
easily  produced  by  exciting  the  skin  on  the  inner  side  of  the  thigh,  when  the 
testicle  on  that  side  is  retracted.  The  gluteal  reflex  consists  in  a  contraction  of 
the  gluteal  muscles,  when  the  skin  over  the  buttock  is  stimulated.  The  abdominal 
reflex  consists  in  a  similar  contraction  of  the  abdominal  muscles,  when  the  skin 
over  the  abdomen  in  the  mammary  line  is  stimulated.  The  epigastric  reflex  is 
obtained  by  stimulating  the  skin  in  front  between  the  fourth  and  sixth  ribs.  The 
interscapular  reflex  results  in  a  contraction  of  the  muscles  attached  to  the  scapula, 
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when  the  skin  between  the  scapuke  is  stimulated.  Its  centre  corresponds  to  the 
lower  cervical  and  upper  dorsal  region.] 

[The  following  table,  after  Gowers,  shows  the  relation  of  each  reflex  to  the  spinal  segment  or 
segments  on  which  it  depends: — 


Cervical, 


Dorsal, 


7  1 

8  1' 
IJ 

'A 


Interscapular. 


Lumbar, 


Sacral, 


2  |_  Cremasteric. 

3  j  j-  Knee  Reflex, 
g  I  Gluteal. 

2  l-?  I  ^  Plantar. 

3  J  ^  S  1  Vesical. 

4  [  Rectal. 

5  J  Sexual.] 


6  }- Epigastric. 
7J 
8^ 

10  J»  Abdominal. 

11  I 
12J 

Another  important  diagnostic  reflex  is  the  "  abdominal  reflex,"  which  consists 
in  this,  that  when  the  skin  of  the  abdomen  is  stroked,  e.f/.,  with  the  handle  of  a 
percussion-hammer,  the  abdominal  muscles  contract.  When  this  reflex  is  absent 
on  both  sides  in  a  cerebral  affection,  it  indicates  a  diffuse  disease  of  the  brain ;  its 
absence  on  one  side  indicates  a  local  affection  of  the  opposite  half  of  the  brain. 
The  cremasteric,  conjunctival,  mammillary,  pupillary,  and  nasal  reflexes  may  also 
be  specially  investigated.  In  hemiplegia  complicated  wdth  cerebral  lesions,  the 
reflexes  on  the  pai-alysed  side  are  diminished,  whilst  not  unfrequently  the  patellar 
reflex  may  be  increased.  In  extensive  cerebral  affections  accompanied  by  coma  the 
reflexes  are  absent  on  both  sides,  including  of  course  those  of  the  anus  and  bladder 
{0.  Rosenhach). 

[Horsley  finds  that  in  the  deepest  narcosis  produced  by  nitrous  oxide  gas  the  superficial  reflexes 
{e.g.,  plantar,  conjunctival)  are  abolished,  while  the  deep  (knee-jerk)  remain.  Antemia  of  the 
himbar  enlargement  (compression  of  the  abdominal  aorta)  causes  disappearances  of  both  reflexes 
(Prevosl).  Chloroform  and  asphyxia  abolish  the  deep  as  well  as  the  superficial  reflexes.  Horsley 
regards  the  so-called  deep  reflex  or  knee-jerk  not  as  depending  on  a  centre  in  the  cord,  but  the 
contraction  of  the  rectus  femoris  is  due  to  local  irritation  of  the  muscle  from  sudden  elonga- 
tion. ] 

Deep  or  Tendon  Reflexes. — Under  pathological  conditions,  special  attention  is 
directed  to  the  so-called  tendon  reflexes,  which  depend  upon  the  fact,  that  a  blow 
upon  a  tendon  (e.g.,  the  quadriceps  femoris,  tendo  Achilles,  &c.)  discharges  a 
contraction  of  the  corresponding  muscle  {WesiphaL,  Erh,  1875).  The  patellar 
tendon  reflex  (also  called  "  Jcnee  phenomenon  ")  or  simply  "  knee-reflex,"  or  "  knee- 
jerk,"  is  invariably  absent  in  cases  of  ataxic  tabes  dorsalis,  while  in  spastic  spinal 
paralysis  it  is  abnormally  strong  and  extensive  {Erh).  [The  "  knee-jerk "  is 
elicited  by  percussing  the  ligamentum  patellae,  and  is  due  to  a  single  spasm  of  the 
rectus.  The  latent  period  is  0'03  to  0*04  second,  and  it  is  argued  by  Waller  and 
others  that  it  is  doubtful  if  this  tendon-reflex  is  subserved  by  a  spinal  nervous  arc, 
while  admitting  the  effect  of  the  spinal  cord  in  modifying  the  response  of  the 
muscle.]  Section  of  the  motor  nerves  abolishes  the  patellar  phenomenon  in  rabbits 
(Schultz),  and  so  does  section  of  the  cord  opposite  the  5th  and  6th  lumbar  vertebrae 
(Tsckirjew).  Landois  finds  that  in  his  own  person  the  contraction  occurs  0-048 
second  after  the  blow  upon  the  ligamentum  patellae.  According  to  Waller,  the 
patellar  reflex  and  the  tendo  Achilles  reflex  occur  0'03  to  0*04  second,  and 
according  to  Eulenburg,  0-032  second  after  the  blow.  According  to  Westphal,  these 
phenomena  are  not  simple  reflex  processes,  but  complex  conditions  intimately 
dependent  upon  the  muscle  tonus,  so  that  when  the  tonus  of  the  quadriceps 
femoris  is  diminished,  the  phenomenon  is  abolished.  In  order  that  the  phenomenon 
may  take  place,  it  is  necessary  that  the  outer  part  of  the  posterior  column  of  the 
spinal  cord  remain  intact  ( Westphal).    [The  knee-jerk  can  be  increased  or  reinforced 
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by  volitional  acts  directed  to  other  parts  of  the  body,  e.g.,  by  exercising  voluntary 
pressure  with  the  hand  {Jendrdsdk).']  [A  "jaw-jerk"  is  obtained  by  suddenly 
depressing  the  lower  jaw  (Gowers,  Beevor,  cmd  De  Watteville),  and  the  last  ob- 
server finds  that  the  latent  period  is  0-02  second,  and  if  this  be  the  case,  it  is  an 
argument  against  these  so-called  "  tendon  reflexes  "  being  true  reflexes,  and  that  they 
are  direct  contractions  of  the  muscles  due  to  sudden  stimulation  by  extension.] 

[Method.— The  knee-jerk  is  easily  elicited  by  striking  the  patellar  tendon  with 
the  edge  of  the  hand  or  a  percussion-hammer  when  the  leg  is  semi-flexed,  as  when 
the  legs  are  hanging  over  the  edge  of  a  table  or  when  one  leg  is  crossed  over  the 
other.  It  is  almost  invariably  present  in  health,  but  it  becomes  greatly  exaggerated 
in  descending  degeneration  of  the  lateral  columns  and  lateral  sclerosis.] 

[Ankle  clonus  is  another  tendon  reflex,  and  it  is  never  present  in  health.  If  the 
leg  be  nearly  extended,  and  pressure  made  upon  the  sole  of  the  foot  so  as  suddenly 
to  flex  the  foot  at  the  ankle,  a  series  of  (5  to  7  per  second)  rhythmical  contractions 
of  the  muscles  of  the  calf  takes  place,  Gowers  describes  a  modification  elicited  by 
tapping  the  muscles  of  the  front  of  the  leg,  the  ''front-tap  contraction."  Ankle 
clonus  is  excessive  in  sclerosis  of  the  lateral  columns  and  spastic  paralysis.] 

[Ill  "  ankle  clonus"  excited  hy  sudden  passive  flexion  of  the  foot,  there  is  a  multiple  spasm 
of  the  gastrocnemius.  Here  also  the  latent  period  is  about  0-03  to  0*04  second,  and  the  rhythm 
8  to  10  per  second.  This  short  latent  period  has  led  some  observers  to  doubt  the  essentially 
reflex  nature  of  this  act.] 

When  we  are  about  to  sleep  {§  374),  there  is  first  of  all  a  temporary  increase  of  the  reflexes  ; 
in  the  first  sleep  the  reflexes  are  diminished,  and  the  pupils  are  contracted.  In  deei>  sleep  the 
abdominal,  cremasteric,  and  patellar  reflexes  are  absent ;  while  tickling  the  soles  of  the  feet  and 
the  nose  only r acts  when  the  stimulus  is  of  a  certain  intensity.  In  narcosis,  e.g.,  chloroform  or 
morphia,  the  abdominal,  then  the  conjunctival  and  patellar  reflexes  disappear;  lastly,  the  pupils 
contract  {0.  Eosenhach). 

Abnormal  increase  of  the  reflex  activity  usually  indicates  an  increase  of  the  excitability  of 
the  reflex  centre,  although  an  abnormal  sensibility  of  the  afl"erent  nerve  may  be  the  cause.  As 
the  harmonious  equilibrium  of  the  voluntary  movements  is  largely  dependent  upon  and  regulated 
by  the  reflexes,  it  is  evident  that  in  affections  of  the  spinal  cord,  there  are  frequent  disturbances 
of  the  voluntary  movements,  c.(j.,  the  characteristic  disturbance  of  motion  in  attempting  to 
walk,  and  in  grasping  movements  exhibited  by  persons  suffering  from  ataxic  tabes  dorsalis  [or, 
as  it  is  more  generally  called,  locomotor  ataxia]. 

[The  organic  reflexes  include  a  consideration  of  the  acts  of  micturition,  erection, 
ejaculation,  deftecation,  and  those  connected  with  the  motor  and  secretory  digestive 
processes,  respiration,  and  circulation,] 

362.  CENTRES  IN  THE  SPINAL  CORD.— Centres  capable  of  being 
excited  reflexly,  and  which  can  bring  about  the  discharge  of  certain  complicated, 
yet  well-co-ordinated,  motor  acts  exist  in  various  parts  of  the  spinal  cord.  They 
still  retain  their  activity  after  the  spinal  cord  is  separated  from  the  medulla 
oblongata ;  further,  those  centres  lying  in  the  lower  part  of  the  spinal  cord  still 
retain  their  activity  after  being  separated  from  the  higher  centres,  but  in  the  normal 
intact  body,  they  are  subjected  to  the  control  of  higher  reflex  centres  in  the  medulla 
oblongata.  Hence,  we  may  speak  of  them  as  subordinate  spinal  centres.  The 
cerebrum  also,  partly  by  the  production  of  perceptions,  and  partly  as  the  organ  of 
volition,  can  excite  or  suppress  the  action  of  certain  of  these  subordinate  spinal 
centres.    [For  the  significance  of  the  term  "  Centre,"  see  p.  625.] 

1.  The  cilio-spinal  centre  connected  with  the  dilatation  of  the  pupil  lies  in 
the  lower  cervical  part  of  the  cord,  and  extends  downwards  to  the  region  of  the  1st 
to  the  3rd  dorsal  vertebra.  It  is  excited  by  diminution  of  light ;  loth  pupils  always 
react  simultaneously,  when  one  retina  is  shaded.  Unilateral  extirpation  of  this  part 
of  the  spinal  cord  causes  contraction  of  the  pupil  on  the  same  side.  The  motor 
fibres  pass  out  by  the  anterior  roots  of  the  two  lower  cervical  and  two  upper  dorsal 
nerves,  into  the  cervical  sympathetic  (§  392).  Even  the  idea  of  darkness  may  some- 
times, though  rarely,  cause  dilatation  of  the  pupil  {Budge). 
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In  goats  and  cats,  this  centre,  even  after  being  seitarated  from  the  medulla  oblongata,  can  be 
excited  directlj'  by  dy.spnceic  blood,  and  also  reflexly  by  the  stimulation  of  sensory  nerves,  e.g., 
the  median,  especially  when  the  reflex  excitability  of  the  cord  is  increased  by  the  action  of 
strychnin  or  atropin  {LucJisinger).  For  the  dilator  centre  in  the  medulla  oblongata,  see 
§  367,  8. 

2.  The  ano-spinal  centre,  or  centre  controlling  the  act  of  defaecation.  The 
afferent  nerves  lie  in  the  htemorrhoidal  and  inferior  mesenteric  plexuses,  the  centre 
at  the  5th  (dog)  or  6th  to  7th  (rabbit)  lumbar  vertebra ;  the  efferent  fibres^  arise 
from  the  pudendal  plexus  and  pass  to  the  sphincter  muscles.  For  the  relation  of 
this  centre  to  the  cerebrum  see  §  160.  After  section  of  the  spinal  cord  [in  dogs], 
Goltz  observed  that  the  sphincter  contracted  rhythmically  upon  the  finger  intro- 
duced into  the  anus ;  the  co-ordinated  activity  of  the  centre  therefore  M^ould  seem 
to  be  possible  only  when  the  centre  remains  in  connection  with  the  brain. 

3.  The  vesico-spinal  centre  for  regulating  micturition,  or  Budge's  vesico-spinal 
centre.  The  centre  for  the  sjyhincter  muscle  lies  at  the  5th  (dog)  or  the  7th  (rabbit) 
lumbar  vertebra,  and  that  for  the  muscles  of  the  bladder  somewhat  higher.  The 
centre  acts  only  in  a  properly  co-ordinated  way  in  connection  with  the  brain 
(§  280). 

4.  The  erection  centre  also  lies  in  the  lumbar  region  (§  436).  The  afferent 
nerves  are  the  sensory  nerves  of  the  penis ;  the  efferent  nerves  for  the  deep  artery 
of  the  penis  are  the  vaso-dilator  nerves,  arising  from  the  1st  to  3rd  sacral  nerves, 
or  Eckhard's  nervi  erigentes — while  the  motor  nerves  for  the  ischio-cavernosus 
and  deep  transverse  perineal  muscles  arise  from  the  3rd  to  4th  sacral  nerves  (§  356). 
The  latter  may  also  be  excited  voluntarily,  the  former  also  partly  by  the  brain,  by 
directing  the  attention  to  the  sexual  activity.  Eckhard  observed  erection  to  take 
place  after  stimulation  of  the  higher  regions  of  the  spinal  cord,  as  well  as  of  the 
pons  and  crura  cerebri. 

5.  The  ejaculation  centre.  The  afferent  nerve  is  the  dorsal  of  the  penis,  the 
centre  (Budge's  genito-spinal  centre)  lies  at  the  4th  lumbar  vertebra  (rabbit) ;  the 
motor  fibres  of  the  vas  deferens  arise  from  the  4th  and  5th  lumbar  nerves,  which, 
pass  into  the  sympathetic,  and  from  thence  to  the  vas  deferens.  The  motor  fibres 
for  the  bulbo-cavernosus  muscle,  which  ejects  the  semen  from  the  bulb  of  the 
urethra,  lie  in  the  3rd  and  4th  sacral  nerves  (perineal). 

6.  The  parturition  centre  lies  at  the  1st  and  2nd  lumbar  vertebrte  (§  453) ;  the 
afferent  fibres  come  from  the  uterine  plexus,  to  which  also  the  motor  fibres  proceed 
(Kdrner).  Goltz  and  Freusberg  observed  that  a  bitch  became  pregnant  after  its 
spinal  cord  was  divided  at  the  1st  lumbar  vertebra. 

7.  Vaso-motor  Centres. — Both  vaso-motor  and  vaso-dilator  centres  are  dis- 
tributed throughout  the  whole  spinal  axis.  To  them  belongs  the  centre  for  the 
s2)leen,  which  in  the  dog  is  opposite  the  1st  to  4th  cervical  vertebra  {Bidgak).  They 
can  be  excited  reflexly,  but  they  are  also  controlled  by  the  dominating  centre  in 
the  medulla  oblongata  (§  371).  Psychical  disturbance  (cerebrum)  influences  them 
(§  377). 

[8.  Perhaps  there  are  vaso-dilator  centres  (§  372).] 

9.  The  sweat  centre  is  perhaps  distributed  similarly  to  the  vaso-motor  centre 
(§  288). 

The  reflex  movements  discharged  from  these  centres  are  orderly  co-ordinated  reflexes,  and 
may  thus  be  compared  to  the  orderly  reflexes  of  the  trunk  and  extremities. 

Muscle  Tonus. —Formerly  automatic  functions  were  ascribed  to  the  spinal  cord,  one  of  these 
being  that  it  caused  a  moderate  active  tension  of  the  muscles— a  condition  that  was  termed 
viusclc  tone,  or  tonus.  The  existence  of  tonus  in  a  striped  muscle  was  thought  to  be  proved  by 
the  fact  that,  when  such  a  muscle  was  divided,  its  ends  retracted.  This  is  due  merely  to  the 
fact  that  all  the  muscles  are  stretched  slightly  beyond  their  normal  length  (§  301).  Even 
paralysed  muscles,  which  have  lost  their  muscular  tone,  show  the  same  phenomenon. 
Formerly,  the  stronger  contraction  of  certain  muscles,  after  paralysis  of  their  antagonists,  and 
the  retraction  of  the  facial  muscles  to  the  sound  side,  after  paralysis  of  the  facial  nerve, 'were 
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also  regarded  as  duo  to  tonus.  This  result  is  duo  to  the  fact  tliat,  during  the  activity  of  the 
intact  muscU-s,  the  other  ones  have  not  sufficient  power  to  restore  the  parts  to  their  normal 
median  position.  The  following  experiment  of  Auerbach  ami  Heidenhain  is  against  tlie 
assumption  of  a  tonic  contraction  :— if  tlie  muscles  of  the  leg  of  a  decai)itated  frog  l)e  stretched, 
it  is  found  tliat  tliey  do  not  elongate  after  section  of  the  sciatic  nerve,  or  after  it  is  paralysed  by 
touching  it  with  ammonia  or  carbolic  acid. 

Reflex  Tonus.— If,  however,  a  decapitated  frog  be  suspended  in  an  abnormal  position,  we 
observe,  after  section  of  the  sciatic  nerve,  or  the  posterior  nerve-roots  on  one  side,  that  tlie 
leg  on  that  side  hangs  limp,  while  tlie  leg  of  the  sound  side  is  sliglitly  retracted.  Tlie  sensory 
nerves  of  the  latter  are  slightly  and  continually  stimulated  by  tlie  weight  of  the  limb,  so  that 
a  slight  reflex  retraction  of  tlie  leg  takes  ])lace,  which  disappears  as  soon  as  the  sensory  nerves 
of  the  leg  are  divided.  If  wo  choose  to  call  tliis  slight  retraction  tonus,  then  it  is  a  reflex  tonus 
{Brondgeest).    (See  the  experiments     Ear  less,  0.  Ludwig,  and  Ci/oh—%  355.) 

363.  EXCITABILITY  OF  THE  SPINAL  CORD.— Even  at  the  present 
time  observers  are  by  no  means  agreed  whether  the  spinal  cord,  like  peripheral 
nerves,  is  excitable,  or  whether  it  is  distinguished  by  the  remarkable  peculiarity  that 
most  of  its  conducting  paths  and  ganglia  do  not  react  to  direct  electrical  and 
viechanicaL  stimuli. 

It  is  contended  by  some  observers  that  if  stimuli  be  cautiously  applied  either  to  white  or 
grey  matter,  there  is  neither  movement  nor  sensation  ( Van  Decn  (1841),  Brown- Sequanl).  Care 
must  be  taken  not  to  stimulate  the  roots  of  the  spinal  nerves,  as  these  respond  at  once  to 
stimuli,  and  thus  may  give  rise  to  movements  or  sensations.  As  the  spinal  cord  conducts  to 
the  brain  impulses  communicated  to  it  from  the  stimulated  posterior  roots,  but  does  not  itself 
respond  to  stimuli  which  produce  sensations,  Schiff  has  applied  to  it  the  term  "  a38thesodic. " 
Further,  as  tlie  cord  can  conduct  both  voluntary  and  reflex  motor  impulses,  without,  however, 
itself  being  affected  by  motor  impulses  applied  to  it  directly,  he  calls  it  "  kinesodic. " 

Schiff's  views  are  as  follows  : — 

1.  In  the  posterior  columns  the  sensory  root-fibres  of  the  posterior  root 
which  traverse  these  columns  give  rise  to  painful  impressions,  but  the  proper  paths 
of  the  posterior  columns  themselves  do  not  do  so.  The  proof  that  stimulation  of 
the  posterior  column  produces  sensory  impressions,  he  finds  in  the  fact  that  dilata- 
tion of  the  pupil  occurred  with  every  stimulation  (§  292).  Removal  of  the  posterior 
column  produces  antesthesia  (loss  of  tactile  sensation).  Algesia  [or  the  sensation  of 
pain]  remains  intact,  although  at  first  there  may  even  be  hyperalgesia. 

2.  The  anterior  columns  are  non-excitable,  both  for  striped  and  non-striped 
muscle,  as  long  as  the  stimuli  are  applied  only  to  the  proper  paths  of  this  column. 
Bat  movements  may  follow,  either  when  the  anterior  nerve-roots  are  stimulated,  or 
when,  by  the  escape  of  the  current,  the  posterior  columns  are  affected,  whereby 
reflex  movements  are  produced. 

According  to  Schifl',  therefore,  all  the  phenomena  of  irritation,  which  occur  when  an  nninjureii 
cord  is  stimulated  (spasms,  contracture),  are  caused  either  by  simultaneous  stimulation  of  the 
anterior  roots,  or  are  reflexes  from  the  posterior  columns  alone,  or  simultaneously  from  the 
posterior  columns  and  the  posterior  roots.  Diseases  afl'ecting  only  the  anterior  and  lateral 
columns  alone  never  produce  symptoms  of  irritation,  but  always  of  jiaralysis.  In  complete 
anifisthesia  and  apncca,  every  form  of  stimulus  is  quite  inactive.  According  to  Schiff's  view,  all 
centres,  both  spinal  and  cerebral,  are  inexcitable  by  artificial  means. 

Direct  Excitability. — Many  observers,  however,  ojipose  these  views,  and  contend  that  the 
spinal  cord  is  excitable  to  direct  stimulation.  Fick  observed  movements  to  take  place  when 
he  stimulated  the  white  columns  of  the  cord  of  a  frog,  isolated  for  a  long  distance  so  as  to  avoid 
the  escape  of  the  stimulating  currents.  Sirotinin,  also,  who  stimulated  the  transverse  section 
of  the  frog's  cord  from  point  to  point,  obtained  contraction  of  the  muscles  both  by  mechanical 
and  electrical  stimuli.  Biedermann  comes  to  the  following  conclusions: — The  transverse 
section  of  a  motor  nerve  is  most  excitable.  Weak  stimuli  (descending  opening  shocks)  excite 
the  cut  surface  of  the  transversely  divided  spinal  cord,  but  do  not  act  when  applied  further 
down.  Luchsingcr  asserts  that,  after  dipping  the  anterior  part  of  a  beheaded  snake  into  warm 
water,  the  reflex  movements  of  the  upper  part  of  the  cord  are  abolished,  while  the  direct  excita- 
bility remains. 

3.  Excitability  of  the  Vaso-motors. — The  vaso-constrictor  nerves,  which  pro- 
ceed from  the  vaso-motor  centre  and  run  downwards  in  the  lateral  columns  of  the 
cord,  are  excitable  by  all  stimuli  along  their  whole  course ;  direct  stimulation  of 
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any  transverse  section  of  the  cord  constricts  all  the  blood-vessels  below  the  point  of 
section  (C.  Ludivig  and  Thiry).  In  the  same  way,  the  fibres  which  ascend  in  the 
cord,  and  increase  the  action  of  the  vaso-motor  centre — pressor  fibi^es,  are  also 
excitable  {C.  Ludwig  and  Dittmar — §  364,  10).  Stimulation  of  these  fibres, 
although  it  affects  the  vaso-motor  centre  reflexly,  does  not  cause  sensation. 

4.  Chemical  stimuli  such  as  the  application  of  common  salt,  or  wetting  the 
cut  surface  with  blood,  appear  to  excite  the  spinal  cord. 

5.  The  motor  centres  are  directly  excited  by  blood  heated  above  40°  C,  or  by 
asphyxiated  blood,  or  by  sudden  and  complete  anaemia  of  the  cord  produced  by 
ligature  of  the  aorta  (Sigm.  Mayer)  ;1  and  also  by  certain  poisons — picrotoxin, 
iiicotin,  and  compounds  of  barium  [Liiclisinger). 

Action  of  Blood  and  Poisons.— In  experiments  of  this  kind,  the  spinal  cord  ought  to  be 
divided  at  the  1st  lumbar  vertebra,  at  least  twenty  hours  before  the  experiment  is  begun.  It  is 
well  to  divide  the  posterior  roots  beforehand  to  avoid  reflex  movements.  If,  in  a  cat  thus 
operated  on,  dyspnoea  be  produced,  or  its  blood  overheated,  then  spasms,  contraction  of  the  vessels,^ 
ami,  secretion  of  sweat  occur  in  the  bind  limbs,  together  with  evacuation  of  the  contents  of 
the  Madder  and  rectum,  while  there  are  movements  of  the  uterus  and  the  vas  deferens.  Some 
poisons  act  in  a  similar  manner.  In  animals  with  the  medulla  oblongata  divided,  rhytbmical 
respiratory  movements  may  be  produced  if  the  spinal  cord  has  been  previously  rendered  very 
sensitive  by  strychnin  or  overheated  blood  (P.  v.  Ilokitansky,  v.  Schrq^'—%  368). 

The  ganglion-cells  of  the  anterior  cornu  can  be  excited  mechanically  {Birge), 
and,  according  to  Biedermann,  the  grey  matter  also  responds  to  electrical  stimuli. 

Hypersesthesia. — After  xuiilateral  section  of  the  cord,  or  even  only  of  the 
posterior  or  lateral  columns,  there  is  hypersesthesia  on  the  same  side  below  the 
point  of  section  {Fodcra,  1823,  and  others),  so  that  rabbits  shriek  on  the  slightest 
touch.  The  phenomenon  may  last  for  three  weeks,  and  then  give  place  to  normal 
or  sub-normal  excitability.  On  the  sound  side  the  sensibility  remains  permanently 
diminished.  A  similar  result  has  been  observed  in  cases  of  injury  in  man.  An 
analogous  phenomenon,  or  a  tendency  to  contraction  in  the  muscles  below  the 
section  (hyperkinesia),  has  been  observed  by  Brown-Sequard  after  section  of  the 
anterior  columns. 

The  excitability  of  the  cord  is  intimately  dependent  on  the  continuance  of  the 
circulation,  for  ligature  of  the  abdominal  aorta  rapidly  paralyses  the  lower 
extremities  (Sienscm,  1667),  due  to  anaemia  of  the  cord  (Schifer).  Later,  the 
anterior  roots  of  the  spinal  nerves,  and  the  anaemic  part  of  the  grey  matter  of  the 
cord,  undergo  degeneration. 

364.  THE  CONDUCTING  PATHS  IN  THE  SPINAL  CORD.— [Posterior 
Root. — (a)  The  inner  part,  or  internal  radicular  fasciculus  is  supposed  to  convey 
the  impressions  from  tendons  and  those  for  touch  and  locality.  When  the  postero- 
external column  is  diseased,  as  in  locomotor  ataxia,  the  deep  reflexes,  especially  the 
patellar  tendon  reflex,  are  enfeebled,  or  it  may  be  abolished,  while  the  implication 
of  the  fibres  of  the  internal  fasciculus  gives  rise  to  severe  pain.  (Jj)  The  outer 
radicular  fibres  enter  the  grey  matter  of  the  posterior  horn,  and  are  supposed  to 
convey  the  impressions  for  cutaneous  reflexes  and  temperature,  (c)  The  central 
fibres  pass  directly  into  the  grey  matter,  and  are  supposed  to  conduct  painful 
impressions  into  the  grey  matter  (fig.  449).] 

1.  Localised  tactile  sensations  (temperature,  pressure,  and  the  muscular  sense 
impressions)  are  conducted  upwards  through  the-  posterior  roots  to  the  ganglia  of 
the  posterior  cornu,  and  lastly  into  the  posterior  column  of  the  same  side. 

In  man,  the  conducting  path  from  the  legs  runs  in  Goll's  column,  while  those  for  the  arms 
run  in  the  ground-buudle  (fig.  454)  {Fleclisig).  In  rabbits,  the  path  of  localised  tactile  impres- 
sions lies  in  the  lower  dorsal  region  in  the  lateral  columns  {Ludwig  and  JVoroscMloff,  Ott  and 
Mcade-Smith). 

Anaesthesia.— Section  of  individual  parts  of  the  lateral  columns  abolishes  the  sensibility  for 
the  parts  of  the  skin  connected  with  the  part  destroyed,  while  total  section  produces  the  same 
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result  for  the  whole  of  the  opposite  side  of  the  body  below  the  section.  The  condition  where 
tactile  and  musciilav  sensibility  is  lost  is  known  as  ancesthesia. 

2.  Localised  voluntary  movements  ia  man  are  conducted  on  the  same  side 
through  the  anterior  and  lateral  columns  (§§  358  and  365),  in  the  parts  known  as  the 
pyramidal  tracts.  The  impulses  then  pass  into  the  cells  of  the  anterior  cornu,  and 
thence  to  the  corresponding  anterior  nerve-roots  to  the  muscles.  The  exact  section 
experiments  of  Ludwig  and  Woroschiloff  showed  that,  in  the  lower  dorsal  region  of 
the  rabbit,  these  paths  were  confined  to  the  lateral  columns.  Every  motor  nerve- 
fibre  is  connected  with  a  nerve-cell  in  the  anterior  horn  of  the  frog's  spinal  cord 
{Gaule  and  Birc/e).  Section  of  one  lateral  column  abolishes  voluntary  movement 
in  the  corresponding  individual  muscles  below  the  point  of  section.  It  is  obvious, 
from  the  conduction  in  1  and  2,  that  the  lateral  columns  must  increase  in  thickness 
and  number  of  fibres  from  below  upwards  {Stilling,  Woroschilof)  [see  fig.  443]. 

3.  Tactile  reflexes  (extensive  and  co-ordinated).— The  fibres  enter  by  the 
posterior  root,  and  proceed  to  the  posterior  cornu.  The  groups  of  ganglionic  cells, 
which  control  the  co-ordinated  reflexes,  are  connected  together  by  fibres  which  run 
in  the  anterior  tracts,  the  anterior  ground  bundle  and  (1)  the  direct  cerebellar  tracts 
(p.  633).  The  fibres  for  the  muscles  which  are  contracted  pass  from  the  motor 
ganglia  outwards  through  the  anterior  roots. 

In  ataxic  tabes  dorsalis,  or  locomotor  ataxia,  there  is  a  degeneration  of  the  posterior  columns, 
characterised  by  a  peculiar  motor  disturbance.  The  voluntary  movements  can  be  executed  with 
full  and  normal  vigour,  but  the  finer  harmonious  adjustments  are  wanting  or  impaired,  both  in 
intensity  and  extent.  These  depend  in  part  upon  the  normal  existence  of  tactile  and  muscular 
impressions,  whose  channels  lie  in  the  posterior  columns.  After  degeneration  of  the  latter, 
there  is  not  only  anresthesia,  but  also  a  disturbance  in  the  discharge  of  tactile  reflexes,  for  which 
the  centripetal  arc  is  interrupted.  But  a  simultaneous  lesion  of  the  sensory  nerves  alone  may 
in  a  similar  manner  materially  influence  the  harmony  of  the  movements,  owing  to  the  analgesia 
and  the  disappearance  of  the  pathic  reflexes  (§  355).  As  the  fibres  of  the  posterior  root  traverse 
the  white  posterior  columns,  we  can  account  for  the  disturbances  of  sensation  which  characterise 
the  degenerations  of  these  parts  {Charcot  and  Picrret).  But  even  the  posterior  roots  themselves 
may  undergo  degeneration,  and  this  may  also  give  rise  to  disturbances  of  sensation  (p.  618). 
The  sensory  disturbances  usually  consist  in  an  abnormal  increase  of  the  tactile  or  painful  sensa- 
tions, with  lightning  pains  shooting  down  the  limbs,  and  this  condition  may  lead  to  oae 
where  the  tactile  and  painful  sensations  are  abolished.  At  tlie  same  time,  owing  to  stimu- 
lation of  the  posterior  columns,  the  tactile  sensibility  is  altered,  giving  rise  to  the  sensation  of 
formication,  or  a  feeling  of  constriction  ["girdle  sensation"].  The  conduction  of  sensory 
impressions  is  often  sloived  (§  337).  The  sensibility  of  the  muscles,  joints,  and  internal  parts 
is  altered. 

The  maintenance  of  the  equilibrium  is  largely  guided  by  the  impulses  which  travel  inwards 
to  the  co-ordinating  centres  through  the  sensory  nerves,  special  and  general,  deep  and  super- 
ficial. In  many  cases  of  locomotor  ataxia,  if  the  patient  place  his  feet  close  together  and  close 
his  eyes,  he  sways  from  side  to  side  and  may  fall  over,  because  by  cutting  ofl"  the  guiding 
sensations  obtained  through  the  optic  nerve,  the  other  enfeebled  impulses  obtained  from  the 
skin  and  the  deeper  structures  are  too  feeble  to  excite  proper  co-ordination. 

4.  The  inhibition  of  tactile  reflexes  occurs  through  the  anterior  columns ;  the 
impulses  pass  from  the  anterior  column  at  the  corresponding  level  into  the  grey 
matter,  where  they  form  connections  with  the  reflex  conducting  apparatus. 

5.  The  conduction  of  painful  impressions  occurs  through  the  posterior  roots,  and 
thence  through  the  whole  of  the  grey  matter.  There  is  a  partial  decussation  of 
these  impulses  in  the  cord,  the  conducting  fibres  passing  from  one  side  to  the  other. 
The  further  course  of  these  fibres  to  the  brain  is  given  in  §  365. 

If  all  the  grev  matter  be  divided,  except  a  small  connecting  portion,  this  is  sufficient  to 
conduct  painfurimpressions.  In  this  case,  however,  the  conduction  \s  slower  {Schiff').  Only 
when  the  grey  matter  is  completely  divided,  is  the  conduction  of  painful  impressions  ivom  below 
completely  interrupted.  This  gives  rise  to  the  condition  of  analgesia,  in  which,  when  the 
posterior  columns  are  still  intact,  tactile  impressions  are  still  conducted.  This  condition  is 
sometimes  observed  in  man  during  incomplete  narcosis  from  chloroform  and  morphia  {Thiersch). 
Those  poisons  act  sooner  on  the  nerves  which  administer  to  painful  sensations  than  on  those 
for  tactile  impressions,  so  that  the  person  operated  on  is  conscious  of  the  contact  of  a  knife,  but 
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not  of  the  painful  sensations  caused  by  the  knife  dividing  the  parts.  As  painful  impressions 
are  conducted  by  the  whole  of  the  grey  matter,  and  as  the  impressions  are  more  powerful  the 
stronger  the  jjaiuful  impression,  we  may  thus  explain  the  so-called  iiTadiation  of  painful 
impressions.  During  violent  pain,  the  pain  seems  to  extend  to  wide  areas  ;  thus,  in  violent 
toothache,  proceeding  fiom  a  jmrticular  tooth,  the  pain  may  be  felt  in  the  whole  jaw,  or  it  may 
be  over  one  side  of  the  head. 

According  to  Bechterew,  the  paths  for  the  conduction  of  painful  impressions  lie  in  the  anterior 
part  of  the  lateral  column  (dog,  rabbit). 

The  experiments  of  Weiss  on  dogs,  by  dividing  the  lateral  column  at  the  limit  of  the  dorsal 
and  lumbar  regions,  showed  that  each  lateral  column  contains  sensory  fibres  for  both  sides.  The 
chief  mass  of  the  motor  fibres  remains  on  the  same  side.  Section  of  both  lateral  columns 
abolishes  completely  sensibility  and  motility  on  both  sides.  The  anterior  columns  and  the  grey 
matter  are  not  sufficient  to  maintain  these. 

6.  The  conduction  of  spasmodic,  involuntary,  inco-ordinated  movements  takes 
place  through  the  grey  matter,  and  from  the  latter  through  the  anterior  roots. 

It  occurs  in  epilepsy,  poisoning  with  strychnin,  unemic  jroisoning,  and  tetanus  (§  360,  II.). 
The  anannic  and  dyspnceic  spasms  are  excited  in  and  conducted  from  the  medulla  oblongata,  and 
communicated  through  the  whole  of  the  grey  matter. 

7.  The  conduction  of  extensive  reflex  spasms  takes  place  from  the  posterior 
roots,  perhaps  to  the  cells  of  the  posterior  cornu  and  then  to  the  cells  of  the  anterior 
cornu,  above  and  below  the  plane  of  the  entering  impulse  (fig.  458),  and,  lastly, 
into  the  anterior  roots,  under  the  conditions  already  referred  to  in  §  360,  II. 

8.  The  inhibition  of  pathic  reflexes  occurs  through  the  anterior  columns 
dovpnwards,  and  then  into  the  grey  matter  to  the  connecting  channels  of  the  reflex 
organ,  into  which  it  introduces  resistance. 

9.  The  vaso-motor  fibres  run  in  the  lateral  columns  {Dittmar),  and,  after  they 
have  passed  into  the  ganglia  of  the  grey  matter  at  the  corresponding  level,  they 
leave  the  spinal  cord  by  the  anterior  roots.  They  reach  the  muscles  of  the  blood- 
vessels either  through  the  paths  of  the  spinal  nerves,  or  they  pass  through  the  rami 
communicantes  into  the  sympathetic,  and  thence  into  the  visceral  plexuses 
(§  356). 

Section  of  the  spinal  cord  paralyses  all  the  vaso-motor  nerves  below  the  point  of  section  ;  while 
stimulation  of  the  peripheral  end  of  the  spinal  cord  causes  contraction  of  all  these  vessels.  [Ott's 
experiments  on  cats  show  that  the  vaso-motor  fibres  run  in  the  lateral  columns,  and  that  they  as 
well  as  the  sudorific  nerves  decussate  in  the  cord.] 

10.  Pressor  fibres  enter  in  the  posterior  roots,  run  upwards  in  the  lateral  columns, 

and  undergo  an  incomplete  decussation  (Ludwig  and  Miescher). 

They  ultimately  terminate  in  the  dominating  vaso-motor  centre  in  the  medulla  oblongata,  which 
they  excite  reflexly.  Similarly,  depressor  fibres  must  pass  upwards  in  the  spinal  cord,  but  we 
know  nothing  as  to  their  course. 

11.  From  the  respiratory  centre  in  the  medulla  oblongata,  respiratory  nerves 

run  downwards  in  the  lateral  columns  on  the  same  side,  and  after  forming  connec- 
tions with  the  ganglia  of  the  grey  matter  pass  through  the  anterior  roots  into  the 
motor  nerves  of  the  respiratory  muscles  {ScJiiJf). 

Unilateral,  or  total  destruction  of  the  spinal  cord,  the  higher  up  it  is  done,  accordinf^ly 
paralyses  more  and  more  of  the  respiratory  nerves,  on  the  same  or  on  both  sides.  Section  of  the 
cnrd  above  the  origin  of  the  phrenic  nerves  causes  death,  owing  to  the  paralysis  of  these  nerves 
of  the  diaphragm  (§  113). 

In  pathological  cases,  in  degeneration  of,  or  direct  injury  to,  the  spinal  cord  or  its  individual 
parts,  we  must  be  careful  to  observe  whether  there  may  not  be  present  simultaneously  paralytic 
and  irritative  phenomena,  whereby  the  symptoms  are  obscured. 

[Complete  transverse  section  of  the  cord  results  immediately  in  complete 
paralysis  of  motion  and  sensation  in  all  the  parts  supplied  by  nerves  below  the  seat 
of  the  injury,  although  the  muscles  below  the  injury  retain  their  normaf  trophic 
and  electrical  conditions.  There  is  a  narrow  hypersesthetic  area  at  the  upper  limit 
of  the  i)aralysed  area,  and  when  this  occurs  in  the  dorsal  region,  it  gives  rise  to  the 
feeling  of  a  belt  tightly  drawn  round  the  waist,  or  the  "girdle  sensation."  There 
is  also  vaso-motor  paralysis  below  the  lesion,  but  the  blood-vessels  soon  reo-ain  their 
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tone,  owing  to  the  subsidiary  vaso-motor  centres  in  the  cord.  The  remote  effects 
come  on  much  later,  and  are  secondary  descending  degeneration  in  the  crossed  and 
direct  pyramidal  tracts  and  ascending  degeneration  in  the  postero-internal  columns 
(fig.  455).  According  to  the  seat  of  the  lesion,  the  functions  of  the  bladder  and 
rectum  may  be  interfered  with.  Injury  to  the  upper  cervical  region  sometimes 
causes  hyperpyrexia.] 

[Unilateral  section  results  in  paralysis  of  voluntary  motion  in  the  muscles 
supplied  by  nerves  given  off  below  the  seat  of  the  injury,  although  the  muscles 
do  not  atrophy,  but  when  secondary  descending  degeneration 
occurs  they  become  rigid,  and  exhibit  the  ordinary  siyns  of 
contracture.    There  is  vaso-motor 


ordinary  signs 
paralysis  on  the  same  side, 
although  this  passes  off  below  the  injury,  while  the  ordinary  and 
muscular  sensibility  are  diminished  on  both  sides  (fig.  459). 
There  is  bilateral  antesthesia.  On  the  opposite  side  there  is 
total  anaesthesia  and  analgesia  below  the  lesion,  but  on  the  same 
side  in  the  dorsal  region  there  is  a  narrow  circular  antesthetic 
zone  (fig.  459,  h),  corresponding  to  the  sensory  nerve-fibres 
destroyed  at  the  level  of  the  section.  The  sensory  nerves 
decussate  shortly  after  they  enter  the  cord,  hence  the  ana?s- 
thesia  on  the  opposite  side,  but  they  do  not  cross  at  once,  but 
run  obliquely  upwards  before  they  enter  the  grey  matter  of  the 
opposite  side,  so  that  a  unilateral  section  will  involve  some 
fibres  coming  from  the  same  side,  and  hence  the  slightly  dimin- 
ished sensibility  in  a  circular  area  on  the  same  side.  There  is 
a  narrow  hypercesthetic  area  on  the  same  side  as  the  lesion,  at 
the  upper  limit  of  the  paralysed  cutaneous  area  (fig.  4.59,  c),  due 
perhaps  to  stimulation  of  the  cut  ends  of  the  sensory  fibres  on 
that  side.  In  man  there  is  hypert^sthesia  (to  touch,  tickling, 
pain,  heat,  and  cold)  on  the  parts  below  the  lesion  on  the  same 
side,  but  the  cause  of  this  is  not  known.  The  remote  effects 
are  due  to  the  usual 
which  set  in.] 

[In  monkeys,  after  hemi-section  of  the  cord  in  the  dorsal  region, 
tliere  is  paralysis  of  voluntary  motion  and  retention  of  sensiliility  with 
vaso-motor  paralysis  of  the  same  side,  and  retention  of  voluntary  motion 
with  ansEsthesia  and  analgesia  on  the  opposite  side.  The  existence  of 
hypemesthesia  on  the  side  of  the  lesion  is  not  certain  in  these  animals, 
but  there  is  no  doubt  of  it  in  man.  Terrier  also  hiuis  (in  opposition  to 
Brown-Seqiiard)  that  the  muscular  sense  is  parah^sed  as  well  as  all  other  forms  of  .sensibility,  on 
the  side  opposite  to  the  lesion,  but  unimpaired  on  the  side  of  the  lesion.  The  muscular  .sense, 
in  fact,  is  entirely  separable  from  the  motor  innervation  of  muscle  {Ferricr).  The  power  of 
emptying  the  bladder  and  rectum  was  not  att'ected.] 


repre- 
lesion 


descending 


and  ascending  degeneration 


Fig.  459. 

Diagrammatic 
sentation  of  a 
of  the  left  half  of  the 
spinal  cord  in  the 
doi'sal  region.  [a) 
oblique  lines,  motor 
and  vaso-motor  para- 
lysis ;  {h,  d),  com- 
plete anajsthesia ;  {a, 
c),  hyperajsthesia  of 
the  skin. 


The  Brain. 

365.  GENERAL  SCHEMA  OF  THE  BRAIN.— In  an  organ  .so  complicated  in  its  structure 
as  the  brain,  it  is  necessary  to  have  a  general  view  of  the  chief  arrangements  of  its  individual 
parts.  Meynert  gave  a  plan  of  the  general  arrangement  of  this  organ,  and  although  this  plan 
may  not  be  quite  corivct,  still  it  is  useful  in  the  study  of  brain  function.  The  weight  of  the 
brain  is  in  man  about  1358  grammes,  and  in  woman  1220  grammes  [Bischqff). 

[A  sj>ecial  layer  of  grey  matter  of  the  cerebrum  is  placed  externally  and  spread  as  a  thin 
coating  over  the  white  matter  or  centrum  ovale — which  lies  internally,  and  consists  of  nerve- 
fibres  or  the  w^hite  matter.  That  part  lying  in  each  hemisphere  is  the  centrum  semi-ovale.  The 
gi-ey  matter  is  folded  into  gyri  or  convolutions  separated  from  each  other  by  fissures  or  sulci. 
Some  of  the  latter  are  very  marked,  and  serve  to  separate  adjacent  lobes,  while  the  lobes 
themselves  are  further  subdivided  by  sulci  into  convolutions.  For  a  description  of  the  lobes 
see  §  375.    Some  masses  of  gi-ey  matter  are  disposed  at  the  base  of  the  brain,  forming  the 
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corpus  striatum  (projecting  into  the  lateral  ventricles),  which  in  reality  is  composed  of  two 
mrts  the  nucleus  caudatus  and  lenticular  nucleus  (fig.  460,  b),  the  optac  thalamiis  which  lies 
behind  the  former,  and  bounds  the  3rd  ventricle  (fig.  460,  d),  the  corpora  quadrigemina  lying  on 
the  upper  surface  of  the  crura  cerebri  (fig.  480,  hi) ;  within  the  tegmentum  of  the  crura  cerebri 
are  the  red  nucleus  and  locus  niger  (fig.  502).  Lastly,  there  is  the  continuation  of  the  grey 
matter  of  the  cord  up  through  the  medulla,  pons,  and  around  the  iter,  forming  the  central 
grey  tube  and  terminating  anterioily  at  the  tuber  cinereum.  These  various  parts  are  connected 
in  a  variety  of  ways  with  each  other,  some  by  transverse  fibres  stretching  between  the  two  sides 

of  the  brain,  while  other  longi- 
tudinal fibres  bring  the_  hinder 
and  lower  parts  into  relation  with 
the  fore  parts.] 

[Under  cover  of  the  occipital 
lobes,  but  connected  with  the 
cerebrum  in  front,  and  the  spinal 
cord  below,  is  the  cerebeUum, 
which  has  its  grey  matter  ex- 
ternally and  its  white  core  inter- 
nally. Thus  we  have  to  consider 
cerebro-spinal  and  cerebello-spinal 
connections.] 

Meynert's  Projection  Systems. 
— The  cortex  of  the  cerebrum 
consists  of  convolutions  and  sulci, 
the  "  peripheral  grey  matter " 
(fig.  461,  C),  which  is  recognised 
as  a  nervous  structure,  from  the 
presence  in  it  of  numerous  gan- 
glionic cells  (§  358,  1).  From  it 
proceed  all  the  motor  fibres  which 
are  excited  by  the  will,  and  to  it 
jiroceed  all  the  fibres  coming  from 
the  organs  of  special  sense  and 
sensory  organs,  which  give  rise  to 
the  psychical  perception  of  ex- 
ternal impressions.  [In  fig.  461 
the  decussation  of  the  sensory 
fibres  is  represented  as  occurring 
near  the  medulla  oblongata.  It 
is  more  probable  that  a  large 
number  of  the  sensory  fibres  de- 


Fig.  460. 


,     .     .,1.101  cussate  shortly  after  they  enter 
Dissection  of  the  brain  from  above  showing  the  lateral,  3rd,  represented  in  fig. 

and  4th  ventricles,  with  the  basal  ganglia,  and  surrounding  ^gg^  ^^^^^  observers  assert  that 
parts,  a,  knee  of  the  corpus  callosum ;  0,  anterior  part  01 
the  right  corpus  striatum  ;  h',  grey  matter  dissected  ott'  to 
show  white  fibres  ;  c,  points  to  tfenia  semicircularis  ;  d, 
optic  thalamus  ;  e,  anterior  pillars  of  fornix,  with  5th  ven- 
tricle in  front  of  them,  between  the  two  laminje  of  the 
septum  lucidum  ;  /,  middle  or  soft  commissure  ;  g,  3rd 
ventricle  ;  h,  i,  corpora  quadrigemina  ;  k,  superior  cere- 
bellar peduncle  ;  I,  hippocampus  major  ;  m,  posterior  cornu 
of  lateral  ventricle  ;  n,  eminentia  collateralis ;  0,  4th  ven- 
tricle ;  2^,  medulla  oblongata 
vitfe. 


some  of  the  sensory  fibres  decussate 
in  the  medulla  oblongata.] 

First  Projection  System. — The 
channels  lead  to  and  from  the 
cortex  cerebri,  some  of  them  tra- 
versing the  basal  ganglia,  or  gan- 
glia of  the  cerebrum — the  corpus 
striatum  (C.s)  (composed  of  the 
caudate   nucleus  and  lenticular 


s,  cerebellum,  with  r,  arbor  j^^^l^^,^  ^^j^^^   ^p^.^  thalamus 

(T.o),  and  corpora  quadrigemina 
— some  fibres  form  connections  with  cells  within  this  central  gi-ey  matter.  The  fibres  which 
proceed  from  the  cortex  through  the  corona  radiata  in  a  radiate  direction  constitute  MeynerVs 
first  'projection  systcvi.  Besides  these,  the  white  substance  also  contains  two  other  systems  of 
fibres  : — (a)  Commissural  fibres,  such  as  the  corpus  callosum  and  the  anterior  commissure  (c,  c), 
wliich  are  supposed  to  connect  the  two  hemispheres  with  each  other ;  and  {h)  a  connecting  or 
association  system,  whereby  two  different  areas  of  the  same  side  are  connected  together  (a,  a). 
The  ganglionic  grey  matter  of  the  basal  ganglia  forms  the  first  stage  in  the  course  of  a  large 
number  of  the  fibres.  When  they  enter  the  central  grey  matter,  they  are  interrupted  in  their 
course.  According  to  Meynert,  the  corona  radiata  contains  bundles  of  fibres  from  the  corpus 
striatum  (1,  1),  lenticular  nucleus  (2,  2),  optic  thalamus  (3,  3),  and  corpora  quadrigemina  (4,  4). 

The  second  projection  system  consists  of  longitudinal  bundles  of  fibres,  which  proceed  down- 
wards and  reach  the  so-called  "  central  grey  tube,"  which  is  the  ganglionic  grey  matter  reaching 
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om  the  3rd  ventricle  through  the  aqueduct  of  Sylvms,  and  the  medulla  oblongata,  to  the 
west  part  of  the  grey  matter  of  the  spinal  cord.  It  lines  the  inner  surface  of  the  medullary 
Lbe.    It  is  the  second  stage  in  the  course  of  the  fibres  extending  from  tlic  basal  ganglia  to  the 


Fig.  ^461. 

I,  Scheme  of  the  brain. — C,  C,  cortex  cerebri;  C.s,  corpus  striatum;  N./,  nucleus  lenti- 
cularis ;  T.o,  optic  thalamus  ;  v,  corpora  quadrigemina ;  P,  pedunculus  cerebri ;  H, 
tegmentum  ;  and  2^,  crusta  ;  1,  1,  corona  radiata  of  the  corpus  striatum  ;  2,  2,  of  the  lenti- 
cular nucleus  ;  3,  3,  of  the  optic  thalamus  ;  4,  4,  of  the  corpora  quadrigemina  ;  5,  pyramidal 
fibres  from  the  cortex  cerebri  (Flcchsig)  ;  6,  6,  fibres  from  the  corpora  (juadrigemina  to  the 
tegmentum  ;  m,  further  course  of  these  fibres  ;  8,  8,  fibres  from  the  corpus  striatimi  and 
lenticular  nucleus  to  the  crusta  of  the  pedunculus  cerebri  ;  M,  further  course  of  these  ;  S,  S, 
course  of  the  sensory  iibres  ;  R,  transverse  section  of  the  spinal  cord  ;  ?'.W,  anterior,  and 
/i.W,  posterior  roots;  a,  a,  association  system  of  fibres;  c,  c,  commissural  fibres.  II, 
Transverse  section  through  the  postci-ior  pair  of  the  corpora  quadrigemina  and  the  ])cdunculi 
cerebri  of  man. — p,  crusta  of  the  peduncle  ;  s,  substantia  nigra  ;  v,  corpora  quadrigemina, 
with  a  section  of  the  a(|ueduct.  Ill,  The  same  of  the  dog  ;  IV,  of  an  ape  ;  V,  of  the 
guinea-pig.  [See  p.  650.] 
central  tubular  grey  matter.  The  fibres  of  this  system  must  obviously  vary  greatly  in  length  ; 
some  fibres  end  in  the  central  grey  matter  above  the  medulla  oblongata,  e.g.,  in  the  oculomotor 
nucleus,  while  others  reach  to  the  level  of  the  last  spinal  nerves.    In  the  central  grey  matter. 
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not  only  is  the  course  of  the  fibres  interrupted,  but  there  is  in  iib  an  increase  in  the  number  of 
fibres,  for  far  more  fibres  proceed  peripherally  from  the  grey  matter  of  the  medulla  and  spinal 
cord,  than  are  sent  to  it  from  the  central  grey  matter  of  the  brain. 

As  to  the  arrangement  of  the  fibres  in  this  second  system,  the  fibres  descending  from  the 
caudate  and  lenticular  nucleus  (8,  8)  are  grouped  into  a  special  channel,  which  descends 
through  the  crusta  of  the  cerebral  peduncle,  and  enters  the  medulla  oblongata,  or  (according  to 
Flechsig)  the  pons.  In  the  same  way  there  proceeds  from  the  thalamus  (S)  and  corpora  quad- 
rigeniina  (6,  6)  a  bundle  which  descends  through  tlie  tegmentum  (H)  of  the  cerebral  jieduncle. 
Both  sets  of  filjres — those  in  the  crusta  and  in  the  tegmentum — come  together  in  the  cord. 

According  to  Wernicke,  the  lenticular  nucleus  and  caudate  nucleus  are  not  the  parts  of  the 
brain  into  which,  from  the  cerebral  cortex  and  tlirough  the  corona,  radiate  fibres  enter;  but 
they  are  independent  parts,  analogous  to  the  cortex,  and  from  them  fibres  proceed.  These 
fibres  pass  into  the  crusta  and  run  along  with  those  fibres  proceeding  from  the  thalamus  and 
corpora  quadrigcmina. 

According  to  Meynert,  the  fibres  which  pass  from  the  thalamus  and  corpora  quadrigcmina, 
through  the  tegmentum  of  the  cerebral  peduncle,  are  refiex  channels ;  so  that  these  portions  of 
the  brain  are  centres  for  certain  extensive,  co-ordinated  rellexes.  This  is  shown  by  the  fact 
that,  after  destruction  of  the  voluntary  motor  paths,  in  animals,  the  technical  completeness  of 

movements,  so  far  as  these  are  discharged 
reflexly,  is  still  intact.  These  channels 
run  in  the  spinal  cord,  at  first  on  the 
side  (m),  and  probably  ultimately  cross  in 
the  spinal  cord  itself. 

The  Third  Projection  System. — Lastly, 
from  the  central  tubular  grey  matter  there 
proceeds  the  third  system,  or  the  peri- 
pheral nerves,  motor  and  sensory.  These 
are  more  numerous  than  the  fibres  of  the 
second  system. 

[While  there  are  three  concentric  tubes 
in  the  spinal  cord  (§  359),  in  the  part 
which  forms  tlie  brain  an  extra  layer  of 
grey  matter  is  added — the  peripheral 
grey  tube — constituting  the  cortex  of  the 
cerebral  hemispheres  and  cerebellum,  and 
the  corpora  quadrigcmina.  Thus,  the 
white  matter  lies  between  two  concentric 
masses  of  grey  matter  (Hill).] 

Connections  of  the  Cerebellum. — The 
cerebellum  consists  of  two  somewhat  flat- 
tened hemispheres  connected  across  the 
middle  line  by  the  middle  lobe  or  vermi- 
form process  which  is  the  fundamental 
portion  of  the  organ,  as  it  is  best  de- 
veloped in  lower  animals,  while  as  yet 
the  lateral  lobes  are  but  small  or  absent, 
e.g.,  in  birds.  The  surface  is  furrowed  by 
sulci  so  as  to  cause  it  to  resemble  a  series 
of  folia,  leaflets  or  laminae ;  larger  fissures 
divide  it  into  lobes.  Peduncles. — The 
two  superior  peduncles  connect  it  with 
the  corpora  quadrigemina  and  the  crura 
cerebri.    The  fibres  come  from  the  lower 


1^'ig.  •Itj-i. 

Floor  of  the  4th  ventricle  and  the  connections  of  the 
cerebellum.  On  the  left  side  the  three  cerebellar 
peduncles  are  cut  short  ;  on  the  right  the  connec- 
tions of  the  superior  and  inferior  peduncles  have 
been  preserved,  while  the  ndddle  one  has  been  cut 
short.  1,  median  groove  of  the  4th  ventricle  with 
the  fasciculi  teretes  ;  2,  the  striai  of  the  auditory 
nerve  on  each  side  emerging  from  it ;  3,  inferior 
peduncle  ;  4,  posterior  pyramid  and  clava,  with 
the  calamus  scriptorius  above  it  ;  5,  superior 
peduncle  ;  6,  fillet  to  the  side  of  the  crura  cerebri ; 
8,  corpora  quadrigemina. 


part  of  the  cerebellum  and  from  its  dentate 
nucleus,  and  a  number  of  these  fibres  decussate  in  the  upper  part  of  the  pons  and  the  tegmen- 
tum, some  of  them  becoming  connected  with  the  red  nucleus  in  the  tegmentum  of  the  opposite 
side.  Some  of  the  fibres  seem  to  connect  the  cerebellum  with  the  frontal  lobes,  constituting  a 
fronto-cereliellar  tract,  and  they  are  also  crossed  {Goiccrs).  When  the  cerebellum  is  congeni- 
tally  absent,  these  fibres  are  absent  {Flechsig).  By  the  two  inferior  peduncles  or  restiforni 
bodies,  it  is  connected  with  all  the  columns  of  the  spinal  cord,  and  it  is  to  bo  noted  that  some  of 
the  fibres  forming  these  peduncles  are  connected  with  the  olivary  body  of  the  opposite  side,  so 
that  they  decussate.  The  middle  peduncle  is  formed  by  tlie  transverse  fibres  of  the  pons  (figs. 
462,  503).  It  is  (jvident  that  there  is  a  cerebello-spinal,  as  well  as  a  cerebro -spinal  connection 
to  be  considered.] 

[The  grey  matter  is  external  and  the  white  internal,  and  on  section  the  foliated  branched 
appearance  of  the  cerebellum  constitutes  the  arbor  vikc.  Within  each  lateral  lobe  is  a  folded 
mass  of  grey  matter  like  that  in  the  olivary  body,  called  the  corpus  dentatum,  and  from  its 
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interior  white  fibres  proceed.  Stilling  describes  in  the  front  part  of  the  middle  lobe  roof-nuclei 
—so  called  because  they  lie  in  the  roof  of  the  4th  ventricle.  As  is  shown  in  fig.  462,  the  white 
fibres  of  the  superior  peduncle  pass  to  the  grey  matter  on  the  inferior  surface  of  the  cerebellum, 
while  the  inferior  peduncular  hbres  pass  to  the  superior  surface,  chicttv  of  the  median  part  ; 
but  both  are  said  to  form  connections  with  the  corpus  dentatum ;  the  middle  peduncle  is  con- 
nected with  the  grey  matter  of  the  lateral  lobes.    The  minute  structure  is  described  in  §  380.] 

The  distribution  of  the  blood-vessels  of  the  brain  is  of  much  practical  importance.  The 
middle  cerebral  artery  of  the  Sylvian  tissure  supplies  the  motor  areas  of  the  brain  in'  animals  ; 
in  man,  the  paracentral  lobule  is  supplied  by  the  anterior  cerebral  artery  {Buret).  The  region 
of  the  third  left  frontal  convolution,  which  is  the  speech-centre,  is  supplied  by  a  special  branch 
of  the  middle  cerebral.  According  to  Ferrier,  that  part  of  the  brain,  any  injury  to  which 
causes  disturbance  of  intelligence,  is  supplied  by  the  anterior  cerebral;  while  those  regions, 
where  injury  is  followed  by  hemi-anajsthesia,  are  supplied  by  the  posterior  cerebral.  It  is  stated 
that  auiiimia  of  isolated  parts  of  this  area  of  the  brain  is  associated  with  melancholia  in  man. 

Conduction  to  and  from  cerebrum — Voluntary  motor  fibres. — The  course 
of  the  fibres  which  convey  impulses  for  voluntary  motion— the  pyramidal  tracts 
— proceeds  from  the  motor  regions  of  the  cerebrum  (§§  375,  378,  I.),  passing 
into  and  through  the  white  matter  of  the  cerebrum  through  the  corona  radiata, 
and  converges  to  the  internal  capsule,  which  lies  between  the  nucleus 
caudatus  and  opticus  thalamus  internally  and  the  lenticular  nucleus  externally 
(fig.  500).  [The  motor  fibres  for  the  face  and  tongue  occupy  the  knee  of  the 
capsule  (F),  those  for  the  arm  the  anterior  third  of  the  posterior  segment  or  limb 
(A),  and  those  for  the  leg  the  middle  third  (L).  They  pass  beneath  the  optic 
thalamus,  enter  the  crusta  of  the  cerebral  peduncle,  and  occupy  its  middle  third,  or 
two-fifths,  extending  almost  to  the  substantia  nigra,  the  fibres  for  the  face  being 
next  the  middle  line,  and  those  for  the  log  most  external,  the  fibres  for  the  arm 
lying  between  the  two.  They  pass  into  the  pons  on  the  same  side,  where  the  fibres 
for  the  face  (and  tongue)  cross  to  the  opposite  side,  to  become  connected  with  the 
nuclei  from  which  the  facial  and  hypoglossal  nerves  arise.  The  fibres  for  the  arm, 
and  leg  (and  trunk)  continue  their  course  to  the  medulla  oblongata,  where  they 
form  the  anterior  pyramids.  In  the  pons,  the  pyramidal  tracts  are  broken  up  into 
bundles  lying  between  its  superficial  and  deep  transverse  fibres,  and  surrounded  by 
grey  matter  (fig.  503);  but  they  have  no  connection  with  the  grey  matter  of  the  pons. 
By  far  the  greater  proportion  of  the  fibres  cross  at  the  decussation  of  the  pyramids 
to  form  the  crossed  pyramidal  tracts,  or  lateral  pyramidal  tracts,  of  the  lateral 
column  of  the  opposite  side.  The  small  uncrossed  portion  is  continued  as  the 
direct  pyramidal  tract  on  the  same  side.  The  latter  fibres,  perhaps,  supply 
those  muscles  of  the  trunk  {e.g.,  respiratory,  abdominal,  and  perineal),  which  always 
act  together  on  both  sides.  According  to  other  observers,  however,  they  cross  to 
the  other  side  of  the  cord  through  the  anterior  white  commissure,  and  descend  in 
the  crossed  pyramidal  tract  or  pyramidal  tract  of  the  lateral  column.  The  fibres  of 
the  pyramidal  tracts  split  up  into  fine  fibrils,  which  form  connections  with  the 
fibrils  produced  by  the  subdivision  of  the  processes  of  the  multipolar  nerve-cells. 
Thus,  fibres  form  connections  with  the  multipolar  ganglionic  cells  of  the  anterior 
cornu  of  the  grey  matter  of  the  spinal  cord  at  successively  lower  levels,  and  from 
each  multipolar  cell  is  directed  i)eripherally  a  single  unbranched  process,  which 
ultimately  becomes  a  nerve-fibre.  The  pyramidal  tracts  thus  end  in  the  multipolar 
nerve-cells  of  the  grey  matter  of  the  spinal  cord,  from  which  the  anterior  roots  of 
the  spinal  nerves  arise. 

[The  course  of  the  pyramidal  tracts  and  the  decussation  of  these  fibres  in  the 
medulla  oblongata,  explain  why  a  haemorrhage  involving  the  cerebral  motor  centres, 
or  affecting  these  fibres  in  any  part  of  their  course  above  the  decussation,  results  in 
paralysis  of  the  muscles  supplied  by  the  fibres  so  involved  on  the  ojjposite  side  of 
the  body.  In  their  passage  through  the  brain,  the  paths  for  direct  motor  impulses 
are  not  interrupted  anywhere  in  their  course  by  ganglion  cells,  not  even  in  the 
corpus  striatum  or  pons.    They  pass  in  a  direct  uninterrupted  line,  until  each  fibre 
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becomes  connected  with  a  multipolar  nerve-cell  in  the  anterior  horn  of  the  grey 
matter  of  the  spinal  cord,  so  that  they  have  the  longest  course  of  any  fibres  in  the 

central  nervous  system.] 

Variation  in  Decussation.— There  are  variations  as  to  the  number  of  fibres  which  cross  at 
the  pyraniids  {Flcchsiy).  In  some  cases  the  usual  arrangement  is  reversed,  and  in  some  rare 
instances  there  is  no  decussation,  so  that  the  jiyramidal  tracts  from  the  brain  remain  on  the 
same  side.  In  this  way  we  may  explain  the  very  rare  cases  where  paralysis  of  the  voluntary 
movements  takes  place  on  the  same  side  as  the  "lesion  of  the  cerebrum  {Morgagni,  Pierret). 
This  is  direct  paralysis.    [Usually  about  90  per  cent,  of  the  fibres  decussate.] 

The  motor  cranial  nerves  have  the  centres  through  which  they  are  excited 
voluntarily  in  the  cortex  cerebri  (§  378).  The  paths  for  such  voluntary  impulses 
also  pass  through  the  internal  capsule  and  the  crusta  of  the  cerebral  peduncle. 
[In  the  internal  capsule,  the  fibres  for  the  face  (and  tongue)  lie  in  the  knee,  while 
they  occupy  the  part  of  the  middle  of  the  crusta  next  the  middle  line.  Their 
course  is  then  directed  across  the  middle  line  to  their  respective  nuclei,  from  which 
fibres  proceed  to  the  muscles  supplied  by  these  nuclei.]  The  exact  course  of  many 
of  the  fibres  is  still  unknown.  The  hypoglossal  nerve  runs  wdth  the  pyramidal 
tracts,  and  behaves  like  the  anterior  root  of  a  spinal  nerve  (§§  354,  357). 

[Sensory  Paths. — Our  knowledge  is  by  no  means  precise.  Sensory  impulses, 
passing  into  the  cord,  enter  it  by  the  posterior  nerve-roots,  and  may  pass  to  the 
cerebrum  or  cerebellum.  If  to  the  cerebellum,  the  course,  probably,  is  partly 
to  the  direct  cerebellar  tract  and  posterior  column  to  the  restiform  body,  thence  to 
the  cerebellum.  If  to  the  cerebrum,  they  cross  the  middle  line  in  the  cord  not 
far  above  where  they  enter  and  pass  to  the  lateral  column,  in  front  of  the  pyramidal 
tract.  Some  enter  the  posterior  column,  and  others  ascend  in  the  grey  matter  to 
pass  upwards.  As  the  two  subdivisions  of  the  posterior  column  terminate  above 
in  the  nuclei  of  the  funiculus  gracilis  and  funiculus  cuneatus,  and  this  column 
contains  fibres  from  the  posterior  root,  it  is  suggested  that  above  the  clava  and 
cuneate  nucleus  the  fibres  cross  in  the  superior  pyramidal  decussation  to  reach  the 
pons  and  tegmentum.  In  the  medulla,  it  is  probable  that  those  fibres  which  do  not 
decussate  there  do  so  in  the  pons,  the  impulses  perhaps  travelling  upwards  in  the 
formatio  reticularis,  thence,  into  the  posterior  half  of  the  pons,  into  the  tegmentum 
of  the  crus  under  the  corpora  quadrigemina,  to  enter  the  posterior  third  of  the 
posterior  limb  of  the  internal  capsule  (fig.  500,  S).  But,  of  course,  the  sensory 
fibres  from  the  face  have  to  be  connected  with  the  sensory  centres  in  the  cerebrum, 
so  that  the  sensory  paths  from  the  cord,  i.e.,  from  the  trunk  and  limbs,  are  joined 
by  those  from  the  face  in  the  pons,  and  they  also  occupy  part  of  the  posterior  third 
of  the  posterior  segment  of  the  internal  capsule,  so  that  this  important  part  of  the 
internal  capsule  conducts  sensory  impulses  from  the  opposite  half  of  the  body. 
Some  of  the  fibres  pass  into  the  optic  thalamus,  and  others  enter  the  white  matter 
of  the  cerebrum,  but  their  exact  course  is  very  uncertain.  The  sensory  fibres 
derived  from  the  organs  of  special  sense,  e.g.,  the  ear,  go  to  the  superior  temporo- 
sphenoidal  convolution,  but  whether  directly  or  indirectly  we  do  not  know  ;  perhaps 
some  of  those  for  vision  traverse  the  optic  thalamus.  Some  of  the  afi'erent  fibres 
perhaps  go  to  the  occipital  region,  and  Gowers  asserts  that  some  of  them  go  to  the 
parietal  and  central  regions,  i.e.,  to  the  "  motor  "  regions,  for  he  holds  "that  disease 
of  the  motor  cortex  often  causes  impairment  of  the  tactile  sensibility."] 

[Charcot  has  called  the  posterior  third  of  the  posterior  segment  of  the  internal 
capsule,  lying  between  the  posterior  part  of  the  lenticular  nucleus  and  the  optic 
thalamus,  the  "carefour  sensitiv"  or  "sensory  crossway  "  (fig.  500,  S).  If  it 
be  divided  there  is  hemi-anjBsthesia  of  the  opposite  side.] 

Sensory  Decussation  in  Cord.— As  the  greater  part  of  the  sensory  fibres 
from  the  skin  decussate  in  the  spinal  cord,  and  thus  pass  to  the  opposite  side  of  the 
cord  (fig.  463),  unilateral  section  of  the  spinal  cord  in  man  (and  monkey  Ferrier) 
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abolishes  sensibility  on  the  opposite  side  below  the  lesion.  There  is  hypertesthesia 
of  the  parts  below  the  seat  of  the  section  on  the  side  of  the  injury  (§  3G3).  From 
experiments  on  mammals,  Brown-Sequard  concludes  that  the  decussating  sensory 
nerve-fibres  pass  to  the  opposite  side  within  the  cord 
at  different  levels,  the  lowest  being  the  fibres  for 
touch,  then  those  for  tickling  and  pain,  and,  highest 
of  all,  those  which  administer  to  sensations  of  tem- 
perature. 

All  the  fibres,  therefore,  which  connect  the  spinal 
cord  with  the  grey  matter  of  the  brain,  undergo  a 
complete  decussation  in  their  course.  Hence,  in  man 
a  destructive  affection  of  one  hemisphere  usually  causes 
complete  motor  paralysis  and  loss  of  sensibility  on  the 
opposite  side  of  the  body.  The  fibres  proceeding  from 
the  nuclei  of  origin  of  the  cranial  nerves  also  cross 
within  the  cranium. 

Not  unfreiiuently  the  motor  paralysis  and  anaesthesia  occur 
on  the  same  side  of  the  head,  in  which  case  the  lesion  (due  to 
pressure  or  inflammation)  involves  the  cranial  nerves  lying  at 
the  base  of  the  brain. 

The  positions  of  decussation  are  (1)  in  the  spinal  cord,  (2) 
in  the  medulla  oblongata,  and  lastly  (3)  in  the  pons.  The 
decussation  is  complete  in  the  peduncle. 

Alternate  Paralysis. — Gubler  observed  that  unilateral  in- 
jury to  the  pons  caused  paralysis  of  the  facial  nerve  on  the 
same  side,  but  paralysis  of  the  opposite  half  of  the  body.  He 
concluded  that  the  nerves  of  the  trunk  decussate  heforc  they 
reach  the  pons,  while  the  facial  fibres  decussate  within  the 
pons.  To  these  rare  cases  the  name  alternate  hemiplegia" 
is  given.  [When  hajmorrhage  takes  place  into  the  lower  part 
of  the  lateral  half  of  the  pons,  there  may  be  alternate  para- 
lysis, but  when  the  %ippcr  part  of  the  lateral  half  is  injured, 
the  facial  is  paralysed  on  the  same  side  as  the  body,  §  379.] 

The  olfactory  nerve  is  said  not  to  decussate  (?),  while  the 
optic  nerve  undergoes  a  partial  decussation  at  the  chiasma 
(§  344).  Some  observers  assert  that  the  fibres  of  the  troch- 
learis  decussate  at  their  origin. 


Fig.  463. 

Diagram  of  a  spinal  segment  as 
a  spinal  centre  and  conduct- 
ing medium.  B,  right,  B  , 
left  cerebral  hemisphere  ;  MO, 
lower  end  of  medulla  oblon- 
gata ;  1,  motor  tract  from  the 
right  hemisphere,  the  larger 
part  decussating  at  MO,  and 
passing  down  the  lateral  column 
of  the  cord  on  the  opposite  side 
to  the  muscles  M  and  M' ;  2, 
motor  tract  from  the  left  hemi- 
sphere ;  S,  S',  sensitive  areas 
on  the  left  side  of  the  body  ; 
3',  3,  the  main  sensory  tract 
from  the  left  side  of  the  body 
— it  decussates  shortly  after 
entering  the  cord  ;  S-,  S^,  sen- 
sitive areas,  and  4',  4,  tracts 
from  the  right  side  of  the  body. 
The  arrows  indicate  the  direc- 
tion of  the  impulses  (^/'ajmrc//). 
[Here  all  the  sensory  fibres  are 
shown  as  crossing  in  the  cord.] 


366.  THE  MEDULLA  OBLONGATA.— [Structure.— In 

the  medulla  oblongata,  the  fibres  from  the  cord  are  rearranged, 
the  grey  matter  is  also  much  changed,  while  new  grey  matter 
is  added.  Each  half  of  the  medulla  oblongata  consists  of  the 
following  parts,  from  before  backwards  : — The  anterior  pyra- 
mid,  olivary  body,  restiform  body,  and  posterior  pyramid, 
or  funiculus  gracilis  (figs.  464,  465,  466).  By  the  divergence 
of  the  posterior  pyramids  and  the  restiform  bodies,  the  floor 
of  the  4th  ventricle  is  exposed.  As  the  central  canal  of  the 
cord  gradually  comes  nearer  to  the  posterior  surface  of  the 
medulla,  it  opens  into  the  4th  ventricle.  At  the  lower  end 
of  the  medulla  oblongata,  on  separating  the  anterior  pyra- 
mids, we  may  see  the  decussation  of  the  pyramids,  where  the  fibres  cross  over  to  the  lateral 
columns  of  the  cord.  The  anterior  pyramid  receives  the  direct  pyramidal  tract  of  the  anterior 
column  of  the  cord  from  its  own  side,  and  the  crossed  pyramidal  tract  from  the  lateral  column 
of  the  cord  of  the  opposite  side  (fig.  464).  The  decussating  fibres  (crossed  pyramidal  tract)  of 
the  lateral  column  pass  across  in  bundles  to  form  the  decussation  of  the  pyramids.  Most  of  the 
pyramidal  fibres  pass  through  the  pons  directly  to  the  cerebrum,  a  few  fibres  pass  to  the  cere- 
bellum, while  some  join  fibres  proceeding  from  the  olivary  body  to  form  the  olivary  fasciculus 
or  fillet.] 

[Thus,  only  a  ])art  of  the  anterior  column  of  the  cord — direct  pyramidal  tract — is  continued 
into  the  anterior  pyramid,  where  it  lies  external  to  the  fibres  which  pass  to  the  lateral  column 
of  the  opposite  side.  The  remainder  of  the  anterior  column — the  antero-external  fibres — are 
continued  upwards,  but  lie  deeper  under  cover  of  the  anterior-pyramid,  where  they  serve  to  form 
part  of  the  formatio  reticularis  (p.  658).]  ; 
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[Of  the  fibres  of  the  lateral  column  of  the  cord,  some,  the  direct  cerebellar  tract,  pass  back- 
wards to  join  the  rcstiform  body  and  go  to  the  cerebellum.  These  fibres  lie  as  a  thin  layer  on 
the  surface  of  the  restiform  body.  The  crossed  pyramidal  fibres  cross  obluiuely,  at  the  lower 
end  of  the  medulla,  to  the  anterior  pyramid  of  the  opposite  side,  and  in  their  course  they 
traverse  the  grey  matter  of  the  anterior  cornu  (fig.  464,  inj).  These  fibres  form  the  larger  and 
mesial  portion  of  the  anterior  i)yramid.  The  remaining  fibres  of  the  lateral  columns  are  con- 
tinued upwards,  and  pass  beneath  the  olivary  body,  where  they  are  concealed  by  this  structure 
and  also  by  the  arcuate  fibres,  but  they  apjiear  in  the  floor  of  the  medulla  oblongata  and  are 
here  known  as  the /asactiZits  teres,  which  goes  to  the  cerebrum.  As  they  pass  upwards,  they 
help  to  form  the  lateral  part  of  the  formatio  reticularis.] 

[The  posterior  pyramid  of  the  oblongata  is  merely  the  upward  continuation  of  the  postero- 
median column,  or  funiculus  gracilis  of  the  cord.    As  it  passes  upwards  at  the  medulla  it  broadens 


Fig.  464 

Section  of  the  decussation  of  the  pyramids,  fla,  anterior  median  fissure,  displaced  laterally  by 
the  fibres  decussating  at  d  ;  V,  anterior  column  ;  Ca,  anterior  cornu,  with  its  nerve-cells, 
a,  b ;  cc,  central  canal  ;  ^S",  lateral  column  ;  fr,  formatio  reticularis  ;  ce,  neck,  and  g,  head 
of  the  posterior  cornu  ;  r^jC/,  posterior  root  of  the  1st  cervical  nerve  ;  nc,  first  indication 
of  the  nucleus  of  the  funiculus  cuneatus  ;  ng,  nucleus  (clava)  of  the  funiculus  gracilis  ;  IP, 
funiculus  gracilis  ;  IP,  funiculus  cuneatus  ;  sip,  posterior  median  fissure  ;  x,  groups  of 
ganglionic  cells  in  the  base  of  the  posterior  cornu.     x  6. 

out,  forming  the  clava,  which  tapers  away  above.  The  clava  contains  a  mass  of  grey  matter — 
the  clavate  nucleus.] 

[The  restiform  body  consists  chiefly  of  the  upward  continuation  of  the  postero-external  column 
nr  funiculus  cuneatus  of  the  cord.  It  contains  a  mass  of  grey  matter,  called  the  cuneate  or 
triangular  nucleus.  Above  the  level  of  the  clava,  the  funiculus  cuneatus  forms  part  of  the 
lateral  boundary  of  the  4th  ventricle.  Immediately  outside  this,  i.e.,  between  it  and  the  con- 
tinuation of  the  posterior  nerve-roots,  is  a  longitudinal  prominence,  which  Schwalbe  has  called 
the  funiculus  of  Eolando.  It  is  formed  by  the  head  of  the  posterior  cornu  of  grey  matter 
coming  nearer  the  surface.  It  also  forms  part  of  the  restiform  body.  Some  arcuate  fibres  issue 
from  the  anterior  median  fissure,  turn  transversely  outwards  over  the  anterior  pyramids  and 
olivary  body,  and  pass  along  with  the  funiculus  cuneatus,  the  funiculus  of  Rolando,  and  the 
direct  cerebellar  fibres,  to  enter  the  corresponding  lateral  lobe  of  the  cerebellum,  all  these 
structures  forming  its  inferior  peduncle.  Some  observers  suggest  that  the  funiculus  cuneatus 
and  funiculus  of  Rolando  do  not  pass  into  the  cerebellum.] 

[The  olivary  body  forms  a  well-marked  oval  or  olive-shaped  body,  which  does  not  extend 
the  whole  length  of  the  medulla  (fig.  466,  o).  Above,  it  is  separated  from  the  pons  by  a  groove 
from  which  the  6th  nerve  emerges.    In  the  groove  between  it  and  the  anterior  pyramid  arise 
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the  strands  of  the  hypoglossal  nerve,  while  in  a  corresponding  groove  along  its  outer  surface  is 
the  line  ot  exit  of  the  vagus,  glosso-pharyngeal,  and  spinal  accessory  nerves.  It  is  covered  on 
Its  surface  by  longitudinal  and  arcuate  fibres,  while  in  its  interior  ,it  contains  the  dentate 
nucleiis.  ] 

[The  functions  of  the  olivary  bodies  are  quite  unknown,  but  it  is  important  to  remember 
that  they  are  connected  by  fibres  with  the  dentate  nuclei  of  the  cerebellum.  Fibres  pass  into 
the  olivary  body  from  the  posterior  column  of  the  cord  of  the  opposite  side,  and  it  is  also  con- 
nected with  the  dentate  body  of  the  opposite  side,  while,  as  we  know,  the  dentate  body  is 
connected  with  the  tegmentum,  so  that  through  the  left  dentate  body  of  the  opposite  side,  the 
tegmentum  of,  say,  the  right  crus,  is  connected  with  the  right  olivary  body  (Gowers).] 

[Decussation  of  the  pyramids  is  the  term  given  to  those  fibres  which  cross  obliquely  in 
several  bundles,  at  the  lower  part  of  the  medulla,  from  the  anterior  pyramid  of  the  medulla 


Fig.  465.  —Section  of  the  medulla  oblongata  at  the  so-called  upper  decussation  of  the  pyramids. 
Jla,  anterior,  sip,  posterior  median  fissure  ;  71XI,  nucleus  of  the  accessorius  vagi  ;  nXII, 
nucleus  of  the  hypoglossal  ;  da,  the  so-called  superior  or  anterior  decussation  of  the  pyra- 
mids ;  py,  anterior  pyramid  ;  n.ar,  nucleus  arciformis  ;  0^,  median  parolivary  body  ;  0, 
beginning  of  the  nucleus  of  the  olivary  body  ;  nl,  nucleus  of  the  lateral  column  ;  Fr, 
forraatio  reticularis  ;  g,  substantia  gelatiuosa,  with  (aV)  the  ascending  root  of  the  trige- 
minus ;  )ic,  nucleus  of  the  funiculus  cuneatus  ;  yic^,  external  nucleus  of  the  funiculus 
cuneatus  ;  ng,  luicleus  of  the  funiculus  gracilis  (or  clava)  ;  /T',  funiculus  gracilis  ;  JT-, 
funiculus  cuneatus  ;  cc,  central  canal ;  fa,  fa\  fa^,  external  arciform  fibres  x  4.  Fig.  466. — 
Section  of  the  medulla  oblongata  through  the  olivary  body.  71XII,  nucleus  of  the  hypo- 
glossal ;  uX,  nK\  more  or  less  cellular  parts  of  the  nucleus  of  the  vagus  ;  XII,  hypoglossal 
nerve;  X,  vagus;  n.aiti,  nucleus  ambiguus  ;  nl,  nucleus  lateralis;  «,  olivary  nucleus; 
oal,  external,  and  oa/n,  internal  parolivary  body  ;  fs,  the  round  bundle,  or  funiculus  soli- 
tarius  ;  Cr,  restiform  body  ;  p,  anterior  pyramid,  surrounded  by  arciform  fibres  ;  fae,  pol, 
fibres  proceeding  from  the  olive  to  the  raphe  (pedunculus  olivie)  ;  r,  raphe.     x  4. 

into  the  lateral  column  of  the  cord  of  the  opposite  side  (fig.  464,  d)  to  form  its  lateral  pyramid 
tracts,  or  crossed  pyramidal  tracts.  The  number  of  fibres  which  decussate  varies,  and  in  some 
cases  all  the  fibres  may  cross.] 

[The  grey  matter  of  the  medulla  is  largely  a  continuation  of  that  of  the  cord,  although  it  is 
arranged  ditt'erently.  As  the  fibres  from  the  lateral  column  of  the  cord  pass  over  to  form  part 
of  the  anterior  pyramid  of  the  medulla  on  the  opposite  side,  they  traverse  the  grey  matter,  and 
thus  cut  of!"  tlie  tip  of  the  anterior  cornu,  which  is  also  puslied  backwards  by  the  olivary  body, 
and  exists  as  a  distinct  mass,  the  nucleus  lateralis  (Hg.  46.5,  nl).  Part  of  the  anterior  grey 
matter  also  appears  in  the  floor  of  the  4th  ventricle  as  the  eminence  of  the  fasciculus  teres,  and 
from  part  of  it  springs  the  hypoglossal  nerve  (fig.  466,  XII).  The  neck  joining  the  modified 
anterior  and  posterior  cornua  is  much  broken  up  by  the  passage  of  longitudinal  and  transverse 
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tibies  through  it,  so  that  it  forms  a  formatio  reticularis,  separatiug  the  two  corniia  (tig.  465,//')- 
The  caput  cornu  i)osterioris  comes  to  be  covered  higher  up  by  the  ascending  root  ot  the  5th 
nerve  (tig.  465,  a  V),  and  arcuate  fibres  passing  to  the  restitorm  body.  The  posterior  cornu  is 
also  broken  up  and  is  thrown  outwards,  its  caput  giving  rise  to  part  of  the  elevation  seen  on  the 
surface  and  described  as  the  funiculus  of  Rolando,  while  part  of  the  base  now  greatly  enlarged 
forms  the  grey  matter  in  the  funiculus  gracilis  [clavate  nucleus]  (tig.  464,  mj)  and  funiculus 
cuneatus  [cuneate  or  triangular  nucleus]  (tig.  464,  ?if).  Nearer  the  middle  line,  the  grey  matter 
of  the  posterior  grey  cornu  appears  in  the  tloor  of  the  4th  ventricle,  above  the  point  where  the 
central  canal  opens  into  it,  as  the  nuclei  of  the  spinal  accessory,  vagus,  and  giosso-pharyngeal 
nerves.  ] 

[In  tlie  floor  of  the  4th  ventricle  near  the  raphe,  and  quite  superficial,  is  a  longitudinal  mass 
of  large  multipolar  nerve-cells,  derived  from  the  base  of  the  anterior  cornu  from  which  spring 
the  several  bundles  forming  the  hypoglossal  nerve  ;  it  is  the  hypoglossal  nucleus  (tig.  466,  nXIl), 
the  nerve-fibres  passing  obliquely  outwards  to  appear  between  the  anterior  pyramid  and  the 
olivary  body.  Internal  to  it,  and  next  the  median  groove,  is  a  small  mass  of  cells  continuous 
with  those  in  the  raphe,  and  called  the  nucleus  of  the  funiculus  teres  (tig.  466,  nt).  Around 
the  central  canal  at  the  lower  part  of  the  medulla  is  a  group  of  cells  (fig.  466,  nXl),  which 
becomes  displaced  laterally  as  it  comes  nearer  the  surface  in  the  floor  of  the  medulla  oblongata, 
where  it  lies  outside  the  hyi)Oglossal  nucleus,  and  corresponds  to  the  prominence  of  the  ala 
cinerea  (tig.  466,  nX)  ;  and  from  it  and  its  continuation  upwards  arise  from  below  upwards  part 
of  the  spinal  accessory  (11th),  and  the  vagus  (10th,  corresponding  to  the  position  of  the 
cminentia  cinerea — fig.  466,  X),  so  that  this  column  of  cells  forms  the  vago-accessorius 
nucleus.  E.xternal  to  and  in  front  of  this  is  the  nucleus  for  the  giosso-pharyngeal  nerve. 
Further  up  in  the  medulla,  on  a  level  with  the  auditory  strife  and  outside  the  previous  column, 
is  a  tract  of  cells  from  which  the  auditory  nerve  (8th)  in  great  part  arises  ;  it  is  the  principal 
auditory  nucleus,  and  lies  just  under  the  commencement  of  the  inferior  cei'ebellar  peduncle 
(fig.  427,  8',  8",  8"').  It  consists  of  an  outer  and  inner  nucleus,  which  extend  to  the  middle  line. 
It  forms  connections  with  the  cerebellum,  and  some  fibres  are  said  to  enter  the  inferior  cerebellar 
peduncle.  This  is  an  important  relationship,  as  we  know  that  the  vestibular  branch  of  the 
auditory  nerve  comes  partly  from  the  semicircular  canals,  so  that  in  this  way  these  organs  may 
be  connected  with  the  cerebellum.] 

[Superadded  Grey  Matter. — There  is  a  superadded  mass  of  grey  matter  not  represented  in 
the  cord,  that  of  the  olivary  body,  enclosing  a  nucleus,  the  corpus  dentatum,  with  its  wavy 
strip  of  grey  matter  containing  many  small  multipolar  nerve-cells  embedded  in  neuroglia.  The 
grey  matter  is  covered  on  the  surface  by  longitudinal  and  transverse  fibres.  It  is  open  towards 
the  middle  line  (hilum),  and  into  it  run  white  fibres  forming  its  peduncle  (fig.  466,  p,  0,  I). 
These  fibres  diverge  like  a  fan,  some  of  them  ending  in  connection  with  the  small  multipolar 
cells  of  the  dentate  body,  while  others  traverse  the  lamina  of  grey  matter  and  pass  backwards 
to  appear  as  arcuate  hbies  which  join  the  restiform  body  ;  others,  again,  pass  directly  through 
to  the  surface  of  the  olivary  body,  which  they  help  to  cover  as  the  superficial  arcuate  fibres. 
The  accessory  olivary  nuclei  (fig.  465,  0',  0")  are  two  small  masses  of  grey  matter  similar  to  the 
last,  and  looking  as  if  they  were  detached  from  it,  one  lying  above  and  external,  sometimes 
called  the  parolivary  body,  and  the  other  slightly  below  and  internal  to  the  olivary  nucleus, 
the  latter  being  separated  from  the  dentate  body 'by  the  roots  of  the  hypoglossal  nerve.  The 
latter  is  sometimes  called  the  internal  parolivary  body,  or  nucleus  of  the  pyramid.] 

[The  formatio  reticxUaris  occupies  the  greater  part  of  the  central  and  lateral  parts  of  the 
medulla,  and  is  produced  by  the  intercrossing  of  bundles  of  fibres  running  longitudinally  and 
more  or  less  transversely  in  the  medulla  (fig.  465,  //•).  In  the  more  lateral  portions  are  large 
multipolar  nerve-cells,  perhaps  continued  upwards  from  part  of  the  anterior  cornu,  while  the 
part  next  the  raphe  has  no  such  cells.  The  longitudinal  fibres  consist  of  the  upward  prolonga- 
tion of  the  antero-external  columns  of  the  cord,  while  some  seem  to  arise  from  the  clavate  nuclei 
and  olives  as  arcuate  fibres  passing  upwards.  In  the  lateral  portions,  the  longitudinal  fibres 
are  the  direct  continuation  upwards  of  Flechsig's  antero-lateral  mixed  tracts  of  the  lateral 
columns  (p.  633).  The  horizontal  fibres  are  formed  by  arcuate  fibres,  some  of  which  run  more 
or  less  transversely  outwards  from  the  raphe.  The  superficial  arcuate  fibres  (fig.  466,  /,  a,  c) 
appear  in  the  anterior  median  fissure,  and  perhaps  come  through  the  raphe  from  the  opposite 
side  of  the  medulla,  curve  round  the  anterior  pyramids,  form  a  kind  of  capsule  for  the  olives, 
and  join  the  restiform  body  (p.  656),  but  they  are  reinforced  by  some  of  the  deep  arcuate  fibres 
which  traverse  the  olivary  body  (p.  656).  The  deep  arcuate  fibres  run  from  the  clavate  and 
triangular  nuclei  horizontally  inwards  to  the  raphe,  and  cross  to  the  other  side  ;  others  pass 
from  the  raphe  to  the  olivary  body,  and  through  it  to  the  restiform  body.  In  the  raphe, 
which  contains  nerve-cells,  some  fibres  run  transversely,  others  longitudinally,  and  others  from 
before  backwards.] 

[Other  Nerve  Nuclei— Sixth  Nerve. —Under  the  elevation  called  eniinentia  teres  (fi<T.  427) 
an  front  of  the  auditory  striai,  close  to  the  middle  line,  is  a  tract  of  large  multipolar  nerve-cells 
It  was  once  thought  to  be  the  common  nucleus  of  the  6th  and  7th  facial  nerves,  but  Gowers 
has  shown  that  "  the  facial  ascends  to  this  nucleus,  forms  a  loop  round  it  (some  fibres  indeed 
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go  through  it),  and  then  passes  downwards,  forwards,  and  outwards,  to  a  column  of  cells  more 
deeply  placed  in  the  medulla  than  any  other  nucleus  in  the  lower  part."  But  the  7th  has  no 
real  origin  from  this  nucleus.  Facial  Nerve.— The  nucleus  lies  deep  in  the  formatio  reticularis 
ot  the  pons  under  the  Hoor  of  the  4th  ventricle,  but  outside  the  position  of  the  nucleus  of  tlie 
6th  (tjg.  4-27,  7).  It  extends  downwards  about  as  far  as  the  auditory  stri«,  or  a  little  lower. 
The  fifth  nerve  arises  from  its  motor  micleiis  (with  large  multipolar  cells),  which  lies  more 
superhcially  above  and  external  to  the  6th  (tig.  427,  5).  The  tibres  run  backwards,  where  they 
are  joined  by  fibres  from  the  upper  sensory  nucleus,  but  another  sensory  nucleus  extends  down 
nearly  to  the  lower  end  of  the  medulla  (5").  Doubtless  this  extensive  origin  brings  this  nerve 
into  iutimate  relation  with  the  other  cranial  nerves,  and  accounts  for  the  numerous  reflex  acts 
which  can  be  discharged  through  the  fifth  nerve.  Some  sensory  fibres  are  said  to  pass  up 
beneath  the  corpora  quadrigemina  (Gowers).  The  fourth  nerve  arises  from  the  valve  of 
Vieussens,  i.e.,  the  lamina  of  white  and  grey  mutter  which  stretches  between  the  superior 
cerebellar  peduncles.  It  arises,  therefore,  behind  the  4th  ventricle,  but  some  of  the  fibres  spring 
from  nerve-cells  at  the  lower  [jart  of  the  nucleus  of  the  3rd  nerve.  Some  fibres  also  descend  in 
the  pons  to  form  a  connection  with  tlie  nucleus  of  the  6th  nerve.  The  fibres  decussate  behind 
the  aqueduct,  so  that  in  it  alone,  of  all  the  cranial  nerves,  decussation  occurs  between  its 
nucleus  and  its  superficial  origin  {Goivcrs).  The  third  nerve  arises  from  a  tract  of  cells  beneath 
the  aqueduct  and  near  the  middle  line,  and  the  fibres  descend  through  the  tegmentum  to  appear 
at  the  inner  side  of  the  crus  cerebri.  Gowers  points  out  that,  in  reality,  there  are  three  distinct 
functional  centres,  (1)  for  accommodation  (ciliary  muscle),  (2)  for  the  light  refiex  of  the  iris, 
and  {'i)  most  of  the  external  muscles  of  the  eyeball.  It  is  important  to  notice  the  connection 
between  the  nuclei  of  the  3rd,  4th,  and  6th  nerves,  in  relation  to  the  innervation  of  the  ocular 
muscles.  ] 

Functions. — The  medulla  oblongata,  which  connects  the  spinal  cord  with  the 
brain,  has  many  points  of  resemblance  with  the  former.  [Like  the  cord  it  is 
concerned  (1)  in  the  conduction  of  impulses.]  (2)  In  it,  numerous  reflex 
centres  are  present,  e.g.^  for  simple  rejlexes  similar  to  the  nerve-centres  in  the  spinal 
cord,  c.//.,  closure  of  the  eyelids,  [so  that  they  subserve  the  transference  of  afferent 
into  efferent  impulses].  There  are  other  centres  present  which  seem  to  dominate 
or  control  similar  centres  placed  in  the  cord,  e.g.,  the  great  vaso-motor  centre,  the 
Bweat-secreting,  pupil-dilating  centres,  and  the  centre  for  combining  the  reflex  move- 
ments of  the  body.    Some  of  the  centres  are  capable  of  being  excited  rejiexly 

358,  2).  (3)  It  is  also  said  to  contain  automatic  centres  (§  358,  3).  The 
normal  functions  of  the  centres  depend  upon  the  exchanges  of  blood-gases,  effected 
by  the  circulation  of  the  blood  through  the  medulla.  If  this  gaseous  exchange  be 
interrupted  or  interfered  with,  as  by  asphyxia,  sudden  anaemia,  or  venous  congestion, 
these  centres  are  first  excited,  and  exhibit  a  condition  of  increased  excitability,  and 
at  last,  if  they  are  over-stimulated,  they  are  paralysed.  An  excessive  temperature 
also  acts  as  a  stimulus.  All  the  centres,  however,  are  not  active  at  the  same  time, 
and  they  do  not  all  exhibit  the  same  degree  of  excitability.  Normally,  the 
respiratory  centre  and  the  vaso-motor  centre  are  continually  in  a  state  of  rhythmical 
activity.  In  some  animals,  the  inhibitory  centre  of  the  heart  remains  continually 
non-excited ;  in  others,  it  is  stimulated  very  slightly  under  normal  conditions, 
simultaneously  with  the  stimulation  of  the  respiratory  centre,  and  only  during 
inspiration.  The  spasm  centre  is  not  stimulated  under  normal  conditions  ;  and 
during  intra-uterine  life,  the  respiratory  centre  remains  quiescent.  The  medulla 
oblongata,  therefore,  contains  a  collocation  of  nerve-centres  which  are  essential  for 
the  maintenance  of  life,  as  well  as  various  conducting  paths  of  the  utmost 
importance.    We  shall  treat  of  the  refiex,  and  afterwards  of  the  automatic  centres. 

367.  REFLEX  CENTRES  OF  THE  MEDULLA  OBLONGATA.— The 

medulla  oblongata  contains  a  number  of  refiex  centres,  which  minister  to  the 
discharge  of  a  large  number  of  co-ordinated  movements. 

1.  Centre  for  closure  of  the  eyelids.  The  sensory  branches  of  the  5th  cranial 
nerve  to  the  cornea,  conjunctiva,  and  the  skin  in  the  region  of  the  eye,  are  the 
afferent  nerves.  They  conduct  impulses  to  the  medulla  oblongata,  where  they 
are  transferred  to,  and  excite  part  of,  the  centre  of  the  facial  nerve,  whence,  through 
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branches  of  the  facial,  the  efferent  impulses  are  conveyed  to  the  orbicularis 

palpebrarum.    The  centre  extends  from  about  the  middle  of  the  ala  cinerea 

upwards  to  the  posterior  margin  of  the  pons  {Nickell). 

The  reflex  closure  of  the  eyelids  always  occurs  on  iotJi  sides,  but  closure  may  be  produced  volun- 
tarily on  one  side  (winkin{,')-  When  the  stimulation  is  strong,  the  corrugator  and  other  groups  of 
muscles  which  raise  the  cheek  and  nose  towards  the  eye  may  also  contract,  and  so  form  a  more 
perfect  protection  and  closure  of  the  eye.  Intense  stimulation  of  the  retina  causes  closure  of  the 
eyelids  [aud  iu  this  case  the  shortest  reflex  known,  the  latent  period,  is  0-05  second  (  Waller)]. 

2.  Sneezing  centre. — The  afferent  channels  are  the  internal  nasal  branches  of 
the  trigeminus  and  the  olfactory,  the  latter  in  the  case  of  intense  odours.  The 
efferent  or  motor  paths  lie  in  the  nerves  for  the  muscles  of  expiration  (§§  1 20,  3, 
and  347,  II.).  Sneezing  cannot  be  performed  voluntarily,  [but  it  may  be  inhibited 
by  compressing  the  nasal  nerve  at  its  exit  on  the  nose]. 

3.  Coughing  centre. — According  to  Kohts,  it  is  placed  a  little  above  the 
inspiratory  centre ;  the  afferent  paths  are  the  sensory  branches  of  the  vagus 
(.§  352,  5,  a).  The  efferent  paths  lie  in  the  nerves  of  expiration  and  those  that 
close  the  glottis  (§120,  1). 

4.  Centre  for  sucking  and  mastication.  — The  afferent  paths  lie  in  the  sensory 
branches  of  the  nerves  of  the  mouth  and  lips  (2nd  and  3rd  branches  of  the 
trigeminus  and  glosso-pharyngeal).  The  efferent  nerves  for  sucking  are  (§  152) : — 
Facial  for  the  lips,  hypoglossal  for  the  tongue,  the  inferior  maxillary  division  of  the 
trigeminus  for  the  muscles  which  elevate  and  depress  the  jaw.  For  the  movements 
of  mastication,  the  same  nerves  are  in  action  (§  153) ;  but  when  food  passes  within 
the  dental  arch,  the  hypoglossal  is  concerned  in  the  movements  of  the  tongue,  and 
the  facial  for  the  buccinator. 

5.  Centre  for  the  secretion  of  saliva  (p.  215)  lies  in  the  floor  of  the  4th 
ventricle.  Stimulation  of  the  medulla  oblongata  causes  a  profuse  secretion  of 
saliva  when  the  chorda  tympani  and  glosso-pharyngeal  nerves  are  intact,  a  much 
feebler  secretion  when  the  nerves  are  divided,  and  no  secretion  at  all  when  the 
cervical  sympathetic  is  extirpated  at  the  same  time  (Griitzner). 

6.  Swallowing  centre  lies  in  the  floor  of  the  4th  ventricle  (§  156). — The  afferent 
paths  lie  in  the  sensory  branches  of  the  nerves  of  the  mouth,  palate,  and  pharynx 
(2ud  and  3rd  branches  of  the  trigeminus,  glosso-pharyngeal,  and  vagus) ;  the 
efferent  channels,  in  the  motor  branches  of  the  pharyngeal  plexus  (§  352,  4). 
Stimulation  of  the  glosso-pharyngeal  nerve  does  not  cause  deglutition ;  on  the 
contrary,  this  act  is  inhibited  (p.  228). 

According  to  Steiner,  every  time  we  swallow  there  is  a  slight  stimulation  of  the  respiratory 
centre,  resulting  in  a  contraction  of  the  diaphragm.  [Kronecker  has  shown  that  if  a  glass  of 
water  be  sipped  slowly,  the  action  of  the  cardio-inhibitory  centre  is  interfered  with  retlexly,  so 
that  the  heart  beats  much  more  rajiidly,  whereby  the  circulation  is  accelerated,  hence  probably 
the  reason  why  sipping  an  alcoholic  drink  intoxicates  more  rapidly  than  when  it  is  quickly 
swaliuwed  (p.  668).] 

7.  Vomiting  centre  (§  158).— The  relation  of  certain  branches  of  the  vagus  to 
this  act  are  given  at    352,  2,  and  12,  d.\ 

8.  The  upper  centre  for  the  dilator  pupillae  muscle,  the  smooth  muscles  of  the 
orbit,  and  the  eyelids  lies  in  the  medulla  oblongata.  The  fibres  pass  out  partly  in 
the  trigeminus  (§  347,  I.,  3),  partly  in  the  lateral  columns  of  the  spinal  cord  as  far 
down  as  the  cilio-spinal  region,  and  proceed  by  the  two  lowest  cervical  and  the  two 
upper  dorsal  nerves  into  the  cervical  sympathetic  (§  356,  A,  1).  The  centre  is 
normally  excited  reflexly  by  shading  the  retina,  i.e.,  by  diminishing  the  amount  of 
light  admitted  into  the  eye.  It  is  directly  excited  by  the  circulation  of  dyspnoeic 
blood  in  the  medulla.  (The  centre  for  contracting  the  pupil  is  referred  to  at  345 
and  392.) 

The  centre  may  be  excited  reflexly  by  stimulation  of  sensory  nerve,  e.g.,  the  sciatic  These 
afferent  fibres  pass  upwards  through  both  lateral  columns  to  their  centre  {Kowalcivsky). 
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9.  There  is  a  subordinate  centre  in  the  medulla  oblongata,  which  seems  to  be 
concerned  in  bringing  the  various  reflex  centres  of  the  cord  into  relation  with  each 
other.  Owsjannikow  found  that,  on  dividing  the  medulla  6  mm.  above  the  calamus 
scriptorius  (rabbit),  the  general  reflex  movements  of  the  body  still  occurred,  and 
the  anterior  and  posterior  extremities  participated  in  such  general  movements.  If, 
however,  the  section  was  made  1  mm.  nearer  the  calamus,  only  local  partial  reflex 
actions  occurred  (§  3G0,  III.,  4) ;  [thus,  on  stimulating  the  hind-leg,  the  fore-legs 
did  not  react — the  transference  of  the  reflex  was  interfered  with].  The  centre 
reaches  upwards  to  slightly  above  the  lowest  third  of  the  oblongata. 

Tlie  medulla  in  the  frog  also  contains  the  general  centre  for  movements  from  place  to  place. 
Section  of  this  region  abolishes  the  power  to  move  from  place  to  place;  when  external  stimuli 
are  applied,  there  remains  only  simple  reflex  movements  (Steiner). 

Pathological.— The  medulla  oblongata  is  sometimes  the  seat  of  a  typical  disease,  known  as 
bulbar  paralysis,  or  glosso-pharyngo-labial  paralysis  {Duchenne,  1860),  in  which  there  is  a 
progressive  invasion  of  the  different  nerve-nuclei  "(centres)  of  the  cranial  nerves  which  arise 
within  the  medulla,  these  centres  being  the  motor  portions  of  an  important  reflex  apparatus. 
Usually,  the  disease  begins  with  paralysis  of  the  tongue,  accompanied  by  fibrillar  contractions, 
whereby  speech,  formation  of  the  food  into  a  bolus,  and  swallowing  are  interfered  with  (§  354). 
The  secretion  of  thick,  viscid  saliva  points  to  the  impossibility  of  secreting  a  thin  watery  facial 
saliva  (§  145,  A),  owing  to  paralysis  of  this  nerve-nucleus.  Swallowing  may  be  impossible, 
owing  to  paralysis  of  the  pharynx  and  palate.  This  interferes  with  the  formation  of  consonants 
[especially  the  Unguals,  I,  t,  s,  r,  and,  by  and  by,  the  labial  explosives  b,  p]  (§  318,  C)  ;  the 
speech  becomes  nasal,  while  fluids  and  solid  food  often  pass  into  the  nose.  Then  follows 
paralysis  of  the  branches  of  the  facial  to  the  lips,  and  there  is  a  characteristic  expression  of  the 
mouth  "as  if  it  were  frozen."  All  the  muscles  of  the  face  may  be  paralysed  ;  sometimes  the 
laryngeal  miisclcs  are  paralysed,  leading  to  loss  of  voice  and  the  entrance  of  food  into  the 
windpipe.  The  heart-heats  are  often  retarded,  pointing  to  stimirlation  of  the  cardio-inhibitory 
fibres  (arising  from  the  accessorius).  Attacks  of  dyspncea,  like  those  following  paralysis  of  the 
recurrent  nerves  (§  313,  II.,  1,  and  §  352,  5,  h),  and  death  may  occur.  Paralysis  of  the  muscles 
of  mastication,  contraction  of  the  pupil,  and  paralysis  of  the  abducens  are  rare.  [This  disease 
is  always  bilateral,  and  it  is  important  to  note  that  it  affects  the  nuclei  of  those  muscles  that 
guard  the  orifices  of  the  mouth,  including  the  tongue,  the  posterior  uares  including  the  soft 
palate,  and  the  rima  glottidis  with  the  vocal  cords.] 

368.  RESPIRATORY  CENTRE.  INNERVATION  OF  THE  RESPIRA- 
TORY ORGANS. — The  respiratory  centre  lies  in  the  medulla  oblongata  {Legallois, 
1811),  behind  the  superficial  origin  of  the  vagi,  on  both  sides  of  the  posterior 
aspect  of  the  apex  of  the  calamus  scriptorius,  between  the  nuclei  of  the  vagus  and 
accessorius,  and  was  named  by  Flourens  the  vital  point,  or  nceud  vital.  The  centre 
is  double,  one  for  each  side,  and  it  may  be  separated  by  means  of  a  longitudinal 
incision  {Lrmget,  1847),  whereby  the  respiratory  movements  continue  symmetrically 
on  both  sides.  Section  of  Vagi. — If  one  vagus  be  divided,  respiration  on  that 
side  is  slowed.  If  hoth  vagi  be  divided,  the  respirations  become  much  slower  and 
deeper,  but  the  respiratory  movements  are  symmetrical  on  both  sides.  Stimulation 
of  the  central  end  of  one  vagus,  both  being  divided,  causes  an  arrest  of  the 
respiration  only  on  the  same  side,  the  other  side  continues  to  breathe.  The  same 
result  is  obtained  by  stimulation  of  the  trigeminus  on  one  side  {Langendorf).  When 
the  centre  is  divided  transversely  on  one  side,  the  respiratory  movements  on  the 
same  side  cease  (Schif).  Most  probably  the  dominating  respiratory  centre  lies 
in  the  medulla  oblongata,  and  upon  it  depend  the  rhythm  and  symmetry  of  the 
respiratory  movements ;  but,  in  addition,  other  and  subordinate  centres  are  placed  in 
the  spinal  cord,  and  these  are  governed  by  the  oblongata  centre.  If  the  spinal  cord 
be  divided  in  newly-born  animals  (dog,  cat)  below  the  medulla  oblongata,  respira- 
tory movements  of  the  thorax  are  sometimes  observed  {JJrachet,  1835). 

[If  the  cord  be  divided  below  the  medulla,  or  the  cranial  arteries  ligatured  (rabbit),  there 
may  still  be  respiratory  movements,  which  become  more  distinct  if  strychnin  be  previously 
administered,  so  that  Langendorff  assumes  the  existence  of  a  spinal  respiratory  centre,  which 
he  finds  is  also  influenced  by  reflex  stimulation  of  sensory  nerves.] 

Nitschmann,  by  means  of  a  vertical  incision  into  the  cervical  cord,  divided  the  spinal  centre 
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into  two  equal  halves,  each  of  which  acted  on  both  sides  of  tlie  diaphragm  after  the  medulla 
was  divided  just  below  the  calamus  scriptorius.  The  spinal  centres  must,  therefore,  be  con- 
nected with  each  other  in  the  cord.  The  spinal  respiratory  centre  can  be  excited  or  inhibited 
reftexly  (TFcrthehner).  ,    ,        ,         ■  rw-i, 

Anatomical.— Schiff  locates  the  respiratory  centre  near  the  lateral  margins  of  the  grey  matter 
in  the  floor  of  the  4th  ventricle,  but  not  reaching  so  far  backwards  as  the  ala  ^cinerea. 
According  to  Gierke,  Heidenhain,  and  Langendorff,  those  parts  of  the  medulla  oblongata  \vhose 
destruction  causes  cessation  of  the  respiratory  movements  are  single  or  double  strands  of 
nervous  matter,  containing  grey  nervous  substance  with  small  ganglion  cells,  and  running 
downwards  in  the  substance  of  the  medulla  oblongata.  These  strands  are  said  to  arise  partly 
from  the  roots  of  the  vagus,  trigeminus,  spinal  accessory,  and  glosso-pharyngeal  {Mcyncrt), 
forming  connections  by  means  of  fibres  with  the  other  side,  and  descending  as  far  downwards 
as  the  cervical  enlargement  of  the  spinal  cord  {Goll).  According  to  this  view,  tins  strand 
represents  an  inter-ccntral  band  connecting  the  spinal  cord  (the  place  of  origin  of  the  motor 
respiratory  nerves)  with  the  nuclei  of  the  above-named  cranial  nerves. 

Cerebral  Inspiratory  Centre. — According  to  Christiani,  there  is  a  cerebral 
inspiratory  centre  in  the  optic  thalamus  in  the  floor  of  the  3rd  ventricle,  vi'hich  is 

stimulated  through  the  optic  and  auditory 
nerves,  even  after  extirpation  of  the  cere- 
brum and  corpora  striata ;  when  it  is  stimu- 
lated directly,  it  deepens  and  accelerates  the 
inspiratory  movements,  and  may  even  cause 
a  standstill  of  the  respiration  in  the  inspira- 
tory phase.  This  inspiratory  centre  may  be 
extirpated.  After  this  operation,  an  expira- 
tory centre  is  active  in  the  substance  of  the 
anterior  pair  of  the  corpora  quadrigemina, 
not  far  from  the  aqueduct  of  Sylvius.  Martin 
and  Booker  describe  a  second  cerebral  in- 
spiratory centre  in  the  posterior  pair  of  the 
corpora  quadrigemina.  These  three  centres 
are  connected  with  the  centres  in  the  medulla 
oblongata. 

The  respiratory  centre  consists  of  two 
centres,  which  are  in  a  state  of  activity  alter- 
nately—an inspiratory  and  an  expiratory 
centre  (fig.  467).  each  one  forming  the 
motor  central  point  for  the  acts  of  inspira- 
tion and  expiration  (§  112).  The  centre  is 
ins,  inspiratory,  and  exp,  expiratory  centre  automatic,  for,  after  section  of  all  the  sen- 
— motor  nerves  are  in  smooth  lines.  Ex-  sory  nerves  which  can  act  reflexly  upon  the 

piratory    motor    nerves   to   abdominal  „4.;n  -i.       i-  -i.       mi  i 

muscles,  ah  ;  to  muscles  of  back,  do.  In-  centre,  it  still  retains  its  activity.  The  de- 
spiratory  motor  nerves,  ph,  phrenic  to  8^'^^  excitability  and  the  stimulation  of 
diaphragm,  d  ;  int,  intercostal  nerves  ;  the  centre  depend  upon  the  State  of  the 
rl,  recurrent  laryngeal ;  cx,  pulmonary  blood,  and  chiefly  upon  the  amount  of  the 

SerUTl-taW°^t\SS  O         CO.  (/.  Ro^ntkal). 

expiratory  centre;  cx',  fibres  of  sup.  According  to  the  condition  of  the  centre,  there 
laryngeal  that  excite  expiratory  centre ;  are  several  well-recognised  respiratory  con- 
inh,  fibres  of  sup.  laryngeal  that  inhibit  ditions  •  

the  inspiratory  centre.  1.  Apncea. -Complete  cessation  of  the 

respiration  constitutes  ajmoea,  i.e.,  cessation  of  the  respiratory  movements,  owing 
to  the  absence  of  the  proper  stimulus,  due  to  the  blood  being  saturated  with  O  and 
poor  in  COg.  Such  blood  saturated  with  O  fails  to  stimulate  the  centre,  and  hence 
the  respiratory  muscles  are  quiescent.  This  seems  to  be  the  condition  in  the  foetus 
during  intrauterine  life.  If  air  be  vigorously  and  rapidly  forced  into  the  lungs  of 
an  animal  by  artificial  respiration,  the  animal  will  cease  to  breathe  for  a  time,  after 


Fig.  467. 

Scheme  of  the  chief  respiratory  nerves. 
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cessation  of  the  aititicial  respiration  {Hool,  1667),  the  blood  being  so  arterialised 
that  it  no  longer  stimulates  the  respiratory  centre.  If  a  person  takes  a  series  of 
rapid,  deep  respirations  his  blood  becomes  surcharged  with  oxygen,  and  long 
"  apnceic  pauses  "  occur. 

Apnceic  Blood.— A.  Ewald  found  that  the  arterial  blood  of  apnoeic  animals  was  completely 
saturated  with  0,  while  the  CC^  was  diminished  ;  the  venous  blood  contained  less  0  than  normal 
—this  latter  condition  being  due  to  the  apnoeic  blood  causing  a  considerable  fall  of  the  blood- 
pressure  and  consequent  slowing  of  the  blood-stream,  so  that  the  0  can  be  more  completely 
taken  from  the  blood  in  the  capillaries  {PfiUgcr).  The  amount  of  0  used  in  apnoea  on  the  whole 
is  not  increased  (§  127).  Gad  remarks  that  during  forced  artificial  respiration,  the  pulmonary 
alveoli  contain  a  very  large  amount  of  atmospheric  air;  hence,  they  are  able  to  arterialise  the 
blood  for  a  longer  time,  thus  diminishing  the  necessity  for  respiration.  According  to  Gad  and 
Knoll,  the  excitability  of  the  respiratory  centre  is  reduced  during  apnaa,  and  this  is  caused 
refiexly  during  artificial  respiration  by  the  distension  of  the  lungs  stimulating  the  branches  of 
the  vagus.    In  quite  young  mammals  apncea  cannot  be  produced  {Jiuncje). 

[Drugs. — If  the  excitability  of  the  respiratory  centre  be  diminished  by  chloral,  apnoea  is 
readily  induced,  while,  if  the  centre  be  excited,  as  by  apomorphinc,  it  is  difficult  to  produce  it.] 

2.  Eupncea. — The  normal  stimulation  of  the  respiratory  centre,  eupnoea,  is 
caused  by  the  blood,  in  which  the  amount  of  O  and  CO.,  does  not  exceed  the  normal 
limits  (§§  35  and  36). 

3.  Dyspnoea. — All  conditions  which  diminish  the  O  and  increase  the  CO^  in 
the  blood  circulating  through  the  medulla  and  respiratory  centre  cause  acceleration 
and  deepening  of  the  respirations,  which  may  ultimately  pass  into  vigorous  and 
laboured  activity  of  all  the  respiratory  muscles,  constituting  dyspnoea,  when  the 
difficulty  of  breathing  is  very  great  (§  134).    [Changes  in  the  rhythm,  §  111.] 

During  normal  respiration,  and  with  the  commencement  of  the  need  for  more  air,  according 
to  Gad,  the  gases  of  the  blood  excite  only  the  inspiratory  centre;  while  the  expiration  follows 
owing  to  reflex  stimulation  of  the  pulmonary  vagus  by  the  distension  of  the  lungs  (p.  666).  He 
is  also  of  opinion  that  the  normal  respiratory  movements  are  excited  by  the  COg. 

[MusciUar  work,  as  is  well-known,  increases  the  respirations  and  may  even  cause  dyspnoea. 
This  is  not  due  to  the  nervous  connections  of  the  muscles  or  other  organs  with  the  respiratory 
centre,  but  to  changes  in  the  blood.  Geppert  and  Zuutz  have  shown,  however,  that  the  result 
cannot  be  explained  by  changes  in  the  blood  caused  either  by  diminution  of  0  or  increase  of 
COj.  It  seems  to  be  due  to  the  blood  taking  up  some  as  yet  unknown  products  from  the  con- 
tracting muscle,  and  carrying  them  to  the  respiratory  centre,  which  is  directly  excited  by  them. 
The  nature  of  tliese  substances  is  unknown.  It  has  been  shown  that  the  alkalinity  of  tlie 
blood  is  reduced  by  the  formation  of  an  acid.  The  substances,  whatever  they  may  be,  are  not 
excreted  by  the  urine,  and  arc,  therefore,  perhaps  readily  oxidised  {Loeivy).  C.  Lehmann  has 
proved  that,  in  rabbits,  the  acidification  of  the  blood  produced  by  muscular  exertion  plays  an 
important  part  in  the  stimulation  of  the  respiratory  centre.] 

4.  Asphyxia. — If  blood,  abnormal  as  regards  the  amount  and  quality  of  its 
gases,  continue  to  circulate  in  the  medulla,  or  if  the  condition  of  the  blood  become 
still  more  abnormal,  the  respiratory  centre  is  over-stimulated,  and  ultimately 
exhmisted.  The  respirations  are  diminished  both  in  number  and  depth,  and  they 
become  feeble  and  gasping  in  character;  ultimately  the  movements  of  the 
respiratory  muscles  cease,  and  the  heart  itself  soon  ceases  to  beat.  This  constitutes 
the  condition  of  asphyxia,  and  if  it  be  continued,  death  from  suflfocation  takes 
place.  (LangendorfE  asserts  that  in  asphyxiatecl  frogs  the  muscles  and  grey 
nervous  substance  have  an  acid  reaction.)  If  the  conditions  causing  the  abnormal 
condition  of  the  blood  be  removed,  the  asphyxia  may  be  prevented  under  favourable 
circumstances,  especially  by  using  artificial  respiration  (§  134);  the  respiratory 
muscles  begin  to  act  and  the  heart  begins  to  beat,  so  that  the  normal  eu[)na;ic 
stage  is  reached  through  the  condition  of  dyspnoea.  If  the  venous  condition  of  the 
blood  be  produced  slowly  and  very  gradually,  asphyxia  may  occur  without  there 
being  any  symptoms  of  dyspnoea,  as  happens  when  death  takes  place  quietly  and 
very  gradually  (§  324,  5). 

Causes  of  Dyspnoea.— (1)  Direct  limitation  of  the  activity  of  the  respiratory  organs  ; 
diminution  of  the  respiratory  surface  by  intlammation,  acute  oedema  (§  47),  or  collapse  of  the 
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alveoli  occlusion  of  the  cainllaries  of  the  alveoli,  compression  of  the  lungs,  entrance  of  air  into 
the  ])leuia,  obstruction  or  compression  of  the  windpipe.  (2)  Obstraction  to  the  entrance  of 
the  noi-mal  amount  of  air  by  strangulation,  or  enclosure  in  an  insufticient  space.  (3)  En- 
feeblement  of  the  circulation,"  so  that  the  medulla  oblongata  does  not  receive  a  sufficient  amount 
of  blood  ;  in  degeneration  of  the  heart,  valvular  cardiac  disease  ;  and  artificially  by  ligature  of 
the  carotid  and  vertebral  arteries  {Kussmaul  and  Tenner),  or  by  preventing  the  free  etHux  of 
venous  blood  from  the  skull,  or  by  the  injection  of  a  large  quantity  of  air  or  indifferent  particles 
into  the  right  heart.  (4)  Direct  loss  of  blood,  which  acts  by  arresting  the  exchange  of  gases 
in  the  medulla  (/.  Rosenthal).  This  is  the  cause  of  the  "biting  or  snapping  at  the  air"  mani- 
fested by  the  decapitated  heads  of  young  animals,  e.g. ,  kittens.  [The  phenomenon  is  well  marked 
in  the  head  of  a  tortoise  separated  from  the  body  ( JV.  Stirling).'] 

If  we  study  the  rapidly  fatal  effects  of  these  factors  on  the  respiratory  activity,  we  observe 
that  at  first  the  respirations  become  quicker  and  deeper,  then  after  an  attack  of  general  con- 
vulsions, ending  in  expiratory  spasm,  there  follows  a  stage  of  complete  cessation  of  respiration. 
Before  death  takes  place,  there  are  usually  a  few  "snapping"  or  gasping  efforts  at  inspiration 
(Hogi/es,  Sigm.  Mayer — §  111). 

Condition  of  the  Blood-Gases. — As  a  general  rule,  in  the  production  of  dyspncea,  the  want 
of  O  and  the  excess  of  CO^  act  simultaneously  [PJiiiger  and  Dolimen),  but  each  of  these  alone 
may  act  as  an  efficient  cause.  According  to  Bernstein,  blood  containing  a  small  amount  of  O 
acts  chiefly  upon  the  inspiratory  centre,  and  blood  rich  in  C0„  on  the  expiratory  centre.  (1) 
Dyspnoea,  from  want  of  O,  occurs  during  respiration  in  a  space  of  raodcraM  size  (§  133),  in 
spaces  where  the  tension  of  the  air  is  diminished,  and  by  breathing  indifferent  gases  or  those 
containing  no  free  0.  When  the  blood  is  freely  ventilated  with  N  or  H,  the  amount  of  COg 
in  the  blood  may  even  be  diminished,  and  death  occurs  with  all  the  signs  of  asphyxia  {Pfliiger). 
(2)  Dyspnoea,  from  the  blood  being  overcharged  with  CO2,  occurs  by  breathing  air  containing 
much  CO.,  (§  133).  Air  containing  much  COo  may  canse  dyspnoea,  even  when  the  amount  of  O 
in  the  blood  is  greater  than  that  in  the  atmosphere  {Thiry).  The  blood  may  even  contain  more 
0  than  normal  {Pfliiger). 

Heat  Dyspnoea. — An  increased  temperature  increases  the  activity  of  the  respiratory  centre 
(§  214,  II.,  3).  This  occurs  when  blood  warmer  than  natural  flows  through  the  brain,  as  Tick 
and  Goldstein  observed  when  they  placed  the  exposed  carotids  in  warm  tubes,  so  as  to  heat  the 
blood  passing  through  them.  In  this  case  the  heated  blood  acts  directly  upon  the  brain,  the 
medulla,  and  the  cerebral  respiratoiy  centres  {Gad).  Direct  cooling  diminishes  the  excitability 
{Fridiricq).  When  the  temperature  is  increased,  vigorous  artificial  respiration  does  not  produce 
apnoea,  although  the  blood  is  highly  arterialised  {Ackcrinann).  Emetics  act  in  a  similar  manner 
{Heimann  and  Grimm). 

Electrical  stimulation  of  the  medulla  oldongata,  after  it  is  separated  from  the  brain, 
discharges  respiratory  movements  or  increases  those  already  present  {Kronecker  and  March- 
tvald).  Langendorff  found  that  electrical,  mechanical,  or  chemical  (salts)  stimulation  usually 
caused  an  expiratory  efiect,  while  stimulation  of  the  cervical  spinal  cord  (subordinate  centre) 
gave  an  in.spiratory  efiect.  According  to  Laborde,  a  superficial  lesion  in  the  region  of  the 
calamus  scriptorius  causes  standstill  of  the  respiration  for  a  few  minutes.  If  the  peripheral 
end  of  the  vagus  be  stimulated,  so  as  to  arrest  the  action  of  the  heart,  the  respirations  also 
cease  after  a  few  seconds.  Arrest  of  the  heart's  action  causes  a  temporary  anfemia  of  the 
medulla,  in  consequence  of  which  its  excitability  is  lowered,  so  that  the  respirations  cease  for 
a  time  {Langendorff). 

Action  on  the  Centre. — The  respiratory  centre,  besides  being  capable  of 
being  stimulated  directly,  may  be  influenced  by  the  will,  and  also  reflexly  by 
stimulation  of  a  number  of  afferent  nerves. 

1.  By  a  voluntary  impulse  we  may  arrest  the  respiration  for  a  short  time, 
but  only  until  the  blood  becomes  so  venous  as  to  excite  the  centre  to  increased 
action.  The  number  and  depth  of  the  respirations  may  be  voluntarily  increased  for 
a  long  time,  and  we  may  also  voluntarily  change  the  rhythm  of  respiration. 

2.  The  respiratory  centre  may  be  influenced  reflexly  both  by  fibres  which  excite 
it  to  increased  action  and  by  others  which  inhibit  its  action,  (a)  The  exciting 
fibres  lie  in  the  pulmonary  branches  of  the  vagus,  in  the  optic,  auditory,  and 
cutaneous  nerves;  normally  their  action  overcomes  the  action  of  the  inhibitory 
iibres.  Thus,  a  cold  bath  deepens  the  respirations,  and  causes  a  moderate  accelera- 
tion of  the  pulmonary  ventilation  [Sj^eck). 

Section  of  both  vagi  causes  slower  and  deeper  respiratory  movements,  owing 
to  the  cutting  off  of  those  impulses  which  under  normal  conditions  pass  from  the 
lungs  to  excite  the  respiratory  centre  (p.  661).    The  amount  of  air  taken  in  the 
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COo  given  off,  however,  is  unchanged,  but  the  inspiratory  efforts  are  more  vigorous 
and  not  so  purposive  {Gad).  ]Veak  tetanising  currents  applied  to  the  central  end 
of  the  vagus,  cause  acceleration  of  the  respirations,  while,  at  the  same  time,  the 
efforts  of  the  respiratory  muscles  may  be  increased,  or  diminished,  or  remain  un- 
changed {Gad).  Strong  tetanising  currents  cause  standstill  of  the  respiration  in 
the  inspiratory  phase  {Traithe),  or  especially  in  fatigue  of  the  nerves,  in  the 
expiratory  phase  {Budge,  Burkart).  Single  induction  shocks  have  no  effect 
{Marchivald  and  Kronecker). 

[Marckwald,  while  admitting  that  the  respiratory  centre  is  automatically  active,  as  well  as 
capable  of  being  affected  roflexly,  comes  to  the  conclusion,  that,  when  the  centre  is 
separated  h-om  all  nerve-channels  by  which  afferent  impulses  can  be  conveyed  to  it,  it  is 
incapable  of  discharging  rhythmical  respiratory  movements.  He  also  asserts  that  tlie  normal 
rhythmical  respiration  is  a  reflex  act  discharged  chiefly  through  the  vagi,  and  that  the  normal 
excitant  of  the  respiratory  centre  is  not  dependent  on  the  condition  of  tlie  blood,  either  on  the 
diminution  of  O,  or  the  increase  of  CO,,.  These  results  are  opposed  to  the  usually  accepted 
view,  and  they  are  controverted  by  Loewy.  Division  of  the  medulla  oblongata  above  the 
respiratory  centre,  so  as  to  cut  ott"  all  cerebral  channels  of  communication,  has  very  little 
effect  on  the  respirations.  If,  after  this,  one,  or  both  vagi  be  divided,  there  is— (1)  an  cxtra- 
ordinanj slowing  of  the  respiration  ;  the  number  of  respirations  may  fall  in  the  rabliit,  from 
20  to  2  or  4  per  minute  ;  (2)  the  rhythm  is  changed,  in  some  cases  the  inspiration  maybe 
twice  or  thrice  as  long  as  the  expiration,  but,  whatever  the  ratio  of  inspiration  to  expiration, 
the  respiration  is  rhythmical  ;  (3)  the  volume  of  air  respired  is  diminished  (p.  664),  but  the 
volume  for  each  respiration  is  deeper;  (4)  the  intra-thoracic  pressure  is  increased,  during 
inspiration,  and  during  expiration  it  is  the  same  as  before  the  vagotom.y.] 
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[The  above  table  (from  Loewy)  shows  the  result.  Loewy  finds  that,  if  the  centre  be  separated 
from  all  centripetal  channels,  it  still  discharges  respiratory  movements,  which  are  rhythmical, 
and  he  has  shown  that  these  rhythmical  discharges  are  due  to  the  condition  of  the  blood.] 

[If  one  lung  be  made  atelectic,  i.e.,  devoid  of  air,  e.g.,  by  plugging  its  bronchus  with  a 
sponge-tent,  then  the  pulmonary  fibres  of  the  vagus  from  this  lung  are  no  longer  excited  during 
respiration,  and  their  section  has  no  effect  on  the  respiration.  Section  of  the  vagus  on  the 
sound  side,  however,  has  the  same  consequence  as  double  vagotomy  {Loeiry).  ] 

Wedenski  and  Heidenhain  find  that  a  temporarij,  weak,  electrical  stimulus  applied  to  the 
central  end  of  the  vagus,  at  the  beginning  of  inspiration  (rabbit),  affects  the  depth  of  the 
succeeding  inspirations,  while  a  similar  strong  stimulus  affects  also  the  depth  of  the  following 
expirations.  If  the  stimulus  be  api)lied  just  at  the  commencement  of  expiration,  stronger 
stimuli  being  required  in  this  case,  there  is  a  diminution  of  the  expiration  and  of  the  following 
inspiration.  Continued  tetanic  stimulation  of  the  vagus  may  cause  decrease  in  the  depth  of 
the  expirations,  or  at  the  same  time  alteration  in  the  depth  of  the  inspirations,  without 
affecting  the  respiratory  rhythm ;  when  the  sthnulation  is  stronger,  inspiration  and  expiration 
are  diminished  with  or  -without  alteration  of  the  frequency,  and  with  the  strongest  stimuli, 
respirations  cease  either  in  the  inspiratory  or  expiratory  phase. 

{b)  The  inhibitory  nerves  which  affect  the  respiratory  centre  run  in  the  superior 
laryngeal  nerve  {Rosenthal),  and  also  in  the  inferior  {Pjiuger  and  Bxvrkart,  Uering, 
Breuer),  to  the  respiratory  centre  (fjg.  467,  inh). 

According  to  Langendorff,  direct  electrical,  mechanical,  or  chemical  stimulation  of  tlie  centre 
may  arrest  respiration,  perhaps  in  consequence  of  the  stimulus  affecting  the  central  ends  of 
these  inhibitory  nerves  where  they  enter  the  ganglia  of  the  respiratory  centre.  During  the 
reflex  inhibition  of  the  respiration  in  the  expiratory  phase,  there  is  a  suppression  of  the  motor 
impulse  in  the  inspiratory  centre  (  Wegete). 

Stimulation  of  the  superior  or  inferior  laryngeal  nerves  {b)  or  their  central  ends 
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causes  slowing,  and  even  arrest  of  the  respiration  (in  exinvation^Eosenthal) 
Arrest  of  the  respiration  in  expiration  is  also  caused  by  stimulation  ot  tbe  nasal 
(JleriMO  and  K raUchvier)  and  ophthalmic  branches  of  the  trigeminus  {Chrtsttani), 
of  the  olfactory,  and  glosso-pharyngeal  {Marckwald).  [Kratschmer  found  that 
tobacco-smoke  blown  into  a  rabbit's  nostrils,  or  puffed  through  a  hole  in  the 
tracliea  into  the  nose,  by  stimulating  the  nasal  branch  of  the  fifth  nerve,  arrested 
the  respiration  in  the  expiratory  phase ;  while  it  had  no  efiect  when  blown  into  the 
lungs.  Ammonia  vapour  applied  to  the  nostrils  arrests  it  in  the  same  way.  It 
ammonia  vapour  be  blown  into  the  lungs  (the  nasal  cavity  being  protected  from  its 
action),  the  respiration  may  be  accelerated,  or  deepened,  or  arrested  occasionally  in 
expiration,  i.e.,  according  to  the  fibres  of  the  vagus  acted  on  by  the  vapour  m  the 
lungs  (Aho//).]  Stimulation  of  the  pulmonary  branches  of  the  vagus  by  breathing 
irritating  gases  {Knoll)  causes  standstill  in  expiration,  although  some  other  gases 
cause  standstill  in  inspiration.  Chemical  stimulation  of  the  trunk  of  the  vagus,— 
by  dilute  solutions  of  sodic  carbonate,— causes  expiratory  inhibition  of  the  respira- 
tion; and  mechanical  stimulation— rubbing  with  a  glass  rod,— inspiratory  inhibition 
{Knoll).  The  stimulation  of  sensory  cutaneous  nerves,  especially  of  the  chest  and 
abdomen  (as  occurs  on  taking  a  cold  douche),  and  stimulation  of  the  splancbnics, 
cause  standstill  in  expiration,  the  first  cause  often  giving  rise  to  temporary  clonic 
contractions  of  the  respiratory  muscles.  The  respirations  are  often  slowed  to  a  very 
great  extent  by  pressure  upon  the  brain,  [whether  the  pressure  be  due  to  a 
depressed  fracture  or  effusion  into  the  ventricles  and  subarachnoid  space].  The 
respiration  may  be  greatly  oppressed  and  stertorous. 

The  amount  of  work  done  by  the  respii-atory  muscles  is  altered  during  the  reflex  slowing  of 
the  respiratory  muscles,  the  work  being  increased  during  slow  respiration,  owing  to  the 
ineffectual  inspiratory  efforts  [Gad).  The  volume  of  the  gases  which  passes  through  the  lungs 
during  a  given  time  remains  unchanged  (Falentin),  and  the  gaseous  exchanges  are  not  altered 
at  first  {Voit  and  Rauhcr). 

Automatic  Regulation. — Under  normal  circumstances,  it  would  seem  that  the 
pulmonary  branches  of  the  vagus  act  upon  the  two  respiratory  centres,  so  as  to  set 
in  action  what  has  been  termed  the  self-adjusting  mechanism  ;  thus,  the  inspiratory 
dilatation  of  the  lungs  stimulates  mechanically  the  fibres  which  reflexly  excite  the 
expiratory  centres,  while  the  diminution  of  the  lungs  during  expiration  excites  the 
nerves  which  proceed  to  the  inspiratory  centre  {Hering  and  Breuer,  Head).  [Thus, 
blowing  into  the  lungs  excites  the  act  of  expiration,  and  sucking  air  out  of  them 
excites  inspiration.] 

In  this  way  we  may  explain  the  alternate  play  of  inspiration  and  expiration.  In  deep 
narcosis,  however,  dilatation  of  the  thorax  in  animals  is  followed  first  by  cessation  of  the 
respiratory  movements,  and  then  by  inspiration  (P.  GiMmann). 

Discharge  of  the  First  Respiration. — The  foetus  is  in  an  apnaic  condition 
until  birth,  when  the  umbilical  cord  is  cut.  During  intrauterine  life,  0  is  freely 
supplied  to  it  by  the  activity  of  the  placenta.  All  conditions  which  interfere  with 
this  due  supply  of  0,  as  compression  of  the  umbilical  vessels  and  prolonged  labour 
pains,  cause  a  decrease  of  the  O  and  an  increase  of  the  CO.,  in  the  blood,  so  that 
the  condition  of  the  foetal  blood  is  so  altered  as  to  stimulate  the  respiratory  centre, 
and  thus  the  impulse  is  given  for  the  discharge  of  the  first  respiratory  movement 
{Schwartz).  A  fretus,  still  within  the  unopened  foetal  membranes,  may  make 
respiratory  movements  {Vesalius.  1542).  If  the  exchange  of  gases  be  interrupted 
to  a  sufficient  extent,  dyspnoea  and  ultimately  death  of  the  fretus  may  occur.  If, 
however,  the  venous  condition  of  the  mother's  blood  develops  very  slowly,  as  in 
cases  of  quiet  slow  death  of  the  mother,  the  medulla  oblongata  of  the  fojtus  may 
gradually  die  without  any  respiratory  movement  being  discharged  (§  324,  5). 

According  to  this  view,  the  respiratory  movements  are  due  to  the  direct  action  of  the 
dyspnoeic  blood  upon  the  medulla  oblongata.    [The  excitability  of  the  respiratory  centre  is  less 
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in  the  foetus  than  in  the  newlj'  born,  and  it  increases  from  day  to  day  after  birth.  Amongst 
the  causes  of  the  diminished  excitability  are  the  small  amount  of  0  in  fcetal  blood,  and  the  slow 
velocity  of  the  circulation.  If  an  inspiration  is  discharged  in  the  ftetus,  it  is  at  once  inhibited 
by  fluid  passing  into  the  nostrils  and  inhibiting  the  act  reflexly.  The  chief  cause  of  the  first 
respiration  after  birth,  is  undoubtedly  the  increasing  venosity  of  the  blood,  and  also  the  dis- 
appearance of  the  above-named  reflex  inhibitory  process.]  Death  of  the  mother  acts  like 
compression  of  the  umbilical  cord.  In  the  former  case,  the  maternal  venous  blood  robs  the 
ftetal  blood  of  its  0,  so  that  death  of  the  f(vtus  occurs  more  rapidly  {Zimtz).  If  the  mother  be 
rapidly  poisoned  with  CO  (§  17),  the  foetus  may  live  longer,  as  the  CO-hiEmoglobin  of  the 
maternal  blood  cannot  take  any  O  from  the  fcetal  blood  (§  16—Bogycs).  In  slow  poisoning  the 
CO  passes  into  the  fcetal  blood  [Grehant  and  Quinquaiid). 

In  many  cases,  especially  in  cases  of  very  prolonged  labour,  the  excitability  of  the  respiratory 
centre  may  be  so  diminished,  that  after  birth,  the  dyspnceic  condition  of  the  blood  alone  is  not 
sufficient  to  excite  respiration  in  a  normal  rhythmical  manner.  In  such  cases  stimulation  of 
the  skin  also  acts,  e.g.,  partly  by  the  cooling  produced  by  the  evaporation  of  the  amniotic  fluid 
irom  the  skin.  When  air  has  entered  the  lungs  by  the  first  respiratory  movements,  the  air 
within  the  lungs  also  excites  the  pulmonary  branches  of  the  vagus  {Pflilqcr),  and  thus  the 
respiratory  centre  is  stimulated  reflexly  to  increased  activity.  According  to  v.  Preuschen's 
observations,  stimulation  of  the  cutaneous  nerves  is  more  effective  than  that  of  the  pulmonary 
branches  of  the  vagus.  In  animals  which  have  been  rendered  apnoeic  by  free  ventilation  of 
their  lungs,  respiratory  movements  may  be  discharged  by  strong  cutaneous  stimuli,  e.g. ,  dashing 
on  of  cold  water.  The  mechanical  stimulation  of  the  skin  by  friction  or  sharp  blows,  or  the 
application  of  a  cold  douche,  excites  the  respiratory  centre.  When  the  placental  circulation  is 
intact,  cutaneous  stimuli  do  not  discharge  respiratory  movements  {Zuntz  and  Cohnstein),  (Arti- 
ficial respiration,  §  1.34). 

[Action  of  Drugs  on  the  Respiratory  Centre. — Ammonia,  salts  of  zinc  and  copper,  strychnin, 
atropin,  duboisin,  apomorphin,  emctin,  the  digitalis  group,  and  heat  increase  the  rapidity  and 
depth  of  the  respirations,  while  they  become  frequent  and  shallower  after  the  use  of  alcohol, 
opium,  chloral,  chloroform,  physostigmin.  The  excitability  of  the  centre  is  fii-st  increased  and 
then  diminished  by  caflein,  nicotin,  quinine,  and  saponin  (Brunton).] 

369.  CENTRE  FOR  THE  INHIBITORY  NERVES  OF  THE  HEART— 
(CARDIO-INHIBITORY).— The  fibres  of  the  vagus,  when  moderately  stimulated, 
diminish  the  action  of  the  heart ;  when  strongly  stimulated,  however,  they  arrest 
its  action  and  cause  it  to  stand  still  in  diastole  (§  352,  7) ;  they  are  supplied  to  the 
vagus  through  the  spinal  accessory  nerve,  and  have  their  centre  in  the  medulla 
oblongata  (§"353). 

[Gaskell  has  shown  that  stimulation  of  the  vagus  not  only  influences  the  rhythm 
of  the  heart's  action,  but  modifies  the  other  functions  of  the  cardiac  muscle. 
Stimulation  of  the  vagus  influences — (a)  the  automatic  rhythm.,  i.e.,  the  rate  at 
which  the  heart  contracts  automatically  ;  (6)  the  force  of  the  contractions,  more 
especially  the  auricles,  although  in  some  animals,  e.g.,  the  tortoise,  the  ventricles 
are  not  affected ;  (c)  the  power  of  conduction.,  i.e.,  the  capacity  for  conducting  the 
muscular  contractions.  According  to  Gaskell,  the  vagus  acts  upon  the  rhythmical 
power  of  the  muscular  fibres  of  the  heart.] 

This  centre  may  be  excited  directly  in  the  medulla,  and  also  reflexly,  by  stimu- 
lating certain  aflFerent  nerves. 

Many  observers  assume  that  this  centre  is  in  a  state  of  tonic  excitement,  i.e.,  that  there  is 
a  continuous,  uninterrupted,  regulating,  and  inhibitory  action  of  this  centre  upon  the  heart 
tlirough  the  fibres  of  tlie  vagus.  According  to  Bernstein,  this  tonic  excitement  is  caused 
reflexly  through  the  abdominal  and  cervical  sympathetic. 

L  Direct  Stimulation  of  the  Centre. — This  centre  may  be  stimulated  directly, 
by  the  same  stimuli  that  act  upon  the  respiratory  centre.  (1)  Sudden  anannia  of 
the  oblongata,  ligature  of  both  carotids  or  both  subclavians,  or  decapitating  a 
rabbit,  the  vagi  alone  being  left  undivided,  cause  slowing  and  even  temporary 
arrest  of  the  action  of  the  heart.  (2)  Sudden  venoiis  hypercnmia  acts  in  a  similar 
manner,  e.g.,  by  ligaturing  all  the  veins  returning  from  the  head.  (3)  Increased 
venosity  of  the  blood,  produced  either  by  direct  cessation  of  the  respirations  (rabbit), 
or  by  forcing  into  the  lungs  a  quantity  of  air  containing  much  COg  (Traube).  As 
the  circulation  in  the  placenta  (the  respiratory  organ  of  the  ftietus)  is  interfered 
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with  during  severe  labour,  this  sufficiently  explains  the  enfeeblement  of  the  action 
of  the  heart  which  occurs  during  protracted  labour ;  it  is  due  to  stimulation  of  the 
central  end  of  the  vagus  by  the  dyspnoeic  blood  {B.  S.  Schultze).  (4)  At  the 
moment  the  respiratory  centre  is  excited,  and  an  inspiration  occurs,  there  is  a 
variation  in  the  inhibitory  activity  of  the  cardiac  centre  {Danders,  Pjliiger,  FredeHcq 
— §  74,  a.  4).  (5)  The  centre  is  excited  by  increased  blood-pressure  within  the 
cerebral  arteries. 

II.  The  centre  may  be  excited  reflexly  by— (1)  Stimulation  of  sensory  nerves 
{Lovhi).  (2)  Stimulation  of  the  central  end  of  one  vagus,  provided  the  other  vagus 
is  intact.  (3)  Stimulation  of  the  sensory  nerves  of  the  intestines,  by  tapping  upon 
the  belly  (Goltz's  tapping-  experiment),  whereby  the  action  of  the  heart  is  arrested. 
Stimulation  of  the  splanchnic  directly  {Asp  and  Ludivig),  or  of  the  abdominal  or 
cervical  sympathetic,  produces  the  same  result.  Very  strong  stimulation  of 
sensorv  nerves,  however,  arrests  the  above-named  reflex  effects  upon  the  vagus 
(§  361^  3). 

Tapping  Experiment.— Goltz's  experiment  succeeds  at  once,  by  tapping  the  intestines  of  a 
frog  directly,  say,  with  the  handle  of  a  scalpel,  especially  if  the  intestine  has  been  exposed  to 
the  air  for  a  short  time,  so  as  to  become  inflamed  {Tarclianoff).  Stimulation  of  the  stomach  of 
the  dog  causes  slowing  of  the  heart-beat  {Sig.  Mayer  and  Pribram).  [M 'William  finds  that  tlie 
action  of  the  heart  of  the  eel  maj'^  be  arrested  reflexly  with  very  great  facility.  The  reflex 
inhibition  is  obtained  by  slight  stimulation  of  the  gills  (through  the  branchial  nerves),  the 
skin  of  the  head  and  tail,  and  parietal  peritoneum,  by  severe  injury  of  almost  any  part  of  the 
animal,  except  the  abdominal  organs.] 

[Effect  of  Swallowing  Fluids.  — Ki'onecker  has  shown  that  the  act  of  swallowing  interferes 
with  or  abolishes  temporarily  the  cardio-inhibitory  action  of  the  vagus,  so  that  the  pulse-rate  is 
greatly  accelerated.  Merely  sipping  a  wine-glassful  of  water  may  raise  the  rate  30  per  cent. 
Hence,  sipping  cold  water  acts  as  a  powerful  cardiac  stimulant.  ] 

According  to  Hering,  the  excitability  of  the  cardio-inhibitory  centre  is  diminished  by 
vigorous  artificial  ventilation  of  the  lungs  with  atmospheric  air.  At  the  same  time,  there  is  a 
considerable  fall  of  the  blood-pressure  (§  352,  8,  4).  In  man,  a  vigorous  expiration,  owing  to 
the  increased  intra-pulnionary  pressure,  causes  an  acceleration  of  the  heart-beat,  which 
Sommerbrodt  ascribes  to  a  diminution  of  the  activity  of  the  vagi.  At  the  same  time  the 
activity  of  the  vaso-motor  centre  is  diminished  (§  60,  2). 

Stimulation  of  the  trunk  of  the  vagus  from  the  centre  downwards,  along  its 
whole  course,  and  also  of  certain  of  its  cardiac  branches  [inferior  cardiac],  causes 

;  the  heart  either  to  beat  more 
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employed ;  feeble  stimuli  slow 
the  action  of  the  heart,  while 

stimulation  j   stroug  stimuU  arrest  it  in  dias- 

Fig.  468.  tole.    The  frog's  heart  may  be 


Beating  of  a  frog's  heart  taken  by  means  of  a  lever  rest-  an'ested  by  stimulating  the  fibres 
ing  on  the  heart.    The  lowest  curve  shows  when  the  of  the  vagus  upon  the  sinus  ve- 

STaU«''''"'*"°""'™°'"''"'°'''"™™^  [""^        stimulating  tl>e 

vagus  in  its  course  as  in  fig. 
468].  If  strong  stimuli  be  applied,  either  to  the  centre  or  to  the  course  of  the  nerve, 
for  a  long  time,  the  part  stimulated  becomes  fatigued  and  the  heart  beats  more 
rapidly  in  spite  of  the  continued  stimulation.  If  a  part  of  the  nerve  lying  nearer 
the  heart  be  stimulated,  inhibition  of  the  heart's  action  is  brought  aboutt  as  the 
stimulus  acts  upon  a  fresh  portion  of  nerve.  °  ' 

The  following  points  have  also  been  ascertained  regarding  the  stimulation  of  the  inhibitorv 
fibres  : —  ■' 

1.  'The  experiments  of  Lowit  on  the  frog's  heart,  confirmed  by  Heidenhain,  showed  that 
electrical  and  chemical  stimulation  of  the  vagus  produce  different  results,  as  recrards  the  extent 
of  the  ventricular  systole,  as  well  as  the  number  of  heart-beats  ;  the  contractions  either  become 
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smaller,  or  less  frequent,  or  they  become  smaller  and  less  frequent  simultaneously.  Strong 
stimuli  cause,  in  addition,  well-marked  relaxation  of  the  heart-muscle  during  diastole. 

2.  In  order  to  cause  inhibition  of  the  heart,  a  anitmuous  stimulus  is  not  necessary.  A 
rhythmicalhj  interrupted  moderate  stimulus  suiiices  {v.  JJezolcl)  ;  18  to  20  stimuli  per  second  are 
required  for  mammals,  and  2  to  3  per  second  for  cold-blooded  animals. 

3.  Bonders,  with  Prahl  and  Niiel,  observed  that  arrest  of  the  heart's  action  did  not  take 
place  immediately  the  stimulus  was  applied  to  the  vagus  ;  but  about  h  of  a  second— period  of 
latent  stimulation— elapsed  before  the  ettect  was  produced  on  the  heart. 

4.  If  the  heart  be  arrested  by  stimulation  of  the  vagus,  it  can  still  contract,  if  it  be  excited 
directly,  e.g.,  by  pricking  it  with  a  needle,  when  it  executes  a  simjle  contraction.  [This  liolds 
good  only  for  some  animals,  e.g.,  frog,  tortoise,  birds  and  mammals.  In  hshes,  only  the 
ventricle  responds  to  stimulation  during  marked  inhibition  ;  in  the  newt,  only  the  bulbus 
arteriosus.  In  the  newt's  heart,  the  sinus,  auricles,  and  ventricle  are  all  inexcitable  to  direct 
stimulation  during  strong  inhibition.] 

5.  According  to  A.  B.  Meyer,  inhibitory  fibres  are  present  only  in  the  right  vagus  in  the 
turtle.  It  is  usually  stated  that  the  rigid  vagus  is  more  effective  than  the  left  in  other  animals, 
e.g.,  rabbit  {Masoin)  ;  but  this  is  subject  to  many  exceptions  {Landois  and  Langendorff).  [In 
the  newt,  the  right  vagus  acts  more  readily  on  the  ventricle  than  on  the  other  parts  of  the 
heart ;  slight  stimulation  of  the  right  vagus  can  arrest  the  ventricle,  while  the  sinus  and  auricles 
go  on  beating.] 

6.  The  vagus  has  been  compressed  by  the  linger  in  the  neck  of  man  (Czcrmak,  Concato) ;  but 
this  experiment  is  accompanied  by  danger,  and  ought  not  to  be  undertaken.  'The  electrotonic 
condition  of  the  vagus  is  stated  in  §  335,  III. 

7.  Schiff  found  that  stimulation  of  the  vagus  of  the  frog  caused  acceleration  of  the  heart-beat, 
when  he  displaced  the  blood  of  the  heart  with  saline  solution.  If  blood-serum  be  supplied  to 
the  heart,  the  vagus  regains  its  inhibitory  action. 

8.  Many  soda  salts  in  a  proper  concentration  arrest  the  inhibitory  action  of  the  vagus,  while 
potash  salts  restore  the  inhibitory  function  of  the  vagi  suspended  by  the  soda  salts.  If,  how- 
ever, the  soda  or  potash  salts  act  too  long  upon  the  heart,  they  produce  a  condition  in  which, 
after  the  inhibitory  function  of  the  vagi  is  abolished,  it  is  not  again  restored.  The  heart's 
action  in  this  condition  is  usually  arhythmical  (Ldwit), 

9.  If  the  intracardial  pressure  be  greatly  inci'eased,  so  as  to  accelerate  greatly  the  cardiac 
pulsations,  the  activity  of  the  vagus  is  correspondingly  diminished  (/.  M,  Ludioig  and 
Luchsinger), 

[Differences  in  Animals. — Perhaps  the  most  remarkable  fact  in  connection  with  the  influence 
of  the  vagus  on  the  eel's  heart  and  that  of  all  other  fishes  examined,  is,  that  vagus-stimulation 
causes  the  sinus  and  auricle  to  be  entirely  inexcitable  to  direct  stimulation  during  strong 
inhibition.  Nerve-stimulation  has  in  this  case  the  very  peculiar  effect  of  rendering  the 
muscular  tissue  temporarily  incapable  of  responding  to  even  the  strongest  direct  stimuli,  e.g., 
powerful  induction  shocks.  This  would  appear  to  be  decisive  evidence  that  the  vagus  acts  on 
muscle  directly,  and  not  simply  on  automatic  motor  ganglia,  as  was  held  according  to  the  old 
view  (J/'  William).'] 

Poisons. — Musearin  stimulates  the  terminations  of  the  vagus  in  the  heart,  and  causes  the 
heart  to  stand  still  in  diastole  {Schmicdeberg  and  Koiype).  [See  p.  85  for  Gaskell's  views.]  If 
atropin  be  applied  in  solution  to  the  heart,  this  action  is  set  aside,  and  the  heart  begins  to  beat 
again.  [Atropin  abolishes  completely  the  inhibitory  action  of  the  vagus  on  the  heart.  If  it 
be  injected  into  the  jugular  vein  of  a  rabbit,  the  pulse-beats  are  increased  27  per  cent., 
in  the  dog,  they  may  be  trebled,  and  in  a  man  under  its  full  influence  the  pulse-beats 
may  rise  from  70  to  150  or  more.  After  atropin,  it  is  impossible  to  arrest  the  action  of  the 
heart  by  stimulation  of  the  vagus,  and  in  the  frog  this  cannot  be  done  even  by  stimulation  of 
the  inhibitory  centre  in  the  heart  itself,  so  that  atropin  must  bo  regarded  as  paralysing  the 
intracardiac  terminations  of  the  vagus.]  Digitalin  diminishes  the  number  of  heart-beats 
by  stimulating  the  cardio-inhibitory  centre  (vagus)  in  the  medulla.  Large  doses  diminish  the 
excitability  of  the  vagus  centre,  and  increase  at  the  same  time  the  accelerating  cardiac  ganglia, 
so  that  the  heart-beats  are  thereby  increased.  In  small  doses,  digitalin  raises  the  blood- 
pressure  by  stimulating  the  vaso-motor  centre  and  the  elements  of  the  vascular  wall  {King). 
Nicotin  first  excites  the  vagus,  then  rapidly  paralyses  it.  Hydrocyanic  acid  has  the  same 
effect  {Prexjcr).  Atropin  {v.  Bczold)  and  curara  (large  dose — Cl.  Bernard  and  Kolliker) 
paralyse  the  vagi,  and  so  does  a  very  low  temperature  or  high  fever. 

370.  CENTRE  FOR  THE  ACCELERATING  CARDIAC  NERVES.— 
Nervus  Accelerans. — It  is  more  than  probable  that  a  centre  exists  in  the  medulla 
oblongata,  which  sends  accelerating  fibres  to  the  heart.  These  fibres  pass  from  the 
medulla  oblongata — but  from  which  part  thereof  has  not  been  exactly  ascertained 

 through  the  spinal  cord,  and  leave  the  cord  through  the  rami  communicautes  of 

the  lower  cervical  and  upper  six  dorsal  nerves  {Strieker),  to  pass  into  the  sympathetic 
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nerve  Some  of  these  fibres,  issuing  from  the  spinal  cord,  pass  through  he  firstthoracic 
svmnathetic  c^anglion  and  the  ring  of  Vieussens,  to  join  the  cardiac  plexus  (hgs.  469, 
470  [These  fibres,  proceedin|  from  the  spinal  cord,  frequently  accompany  the 
nerve  running  along  the  vertebral  artery],  and  they  constitute  the  ^ervus  acceleraus 
cordis  [Fi-  470  shows  the  accelerator  fibres  passing  through  the  ganglion  stellatum 
of  the  cat  to  join  the  cardiac  plexus.]  If  the  vagi  of  an  animal  be  divided,  stimu- 
lation of  the  medulla  oblongata,  of  the  lower  end  of  the  divided  cervical  spinal  cord, 


Fig.  469.  Fig.  470. 

Fig.  469. — Scheme  of  the  course  of  the  accelerans  fibres.  P,  pons;  MO,  medulla  oblongata; 
C,  spinal  cord  ;  V,  inhibitory  centre  for  heart  ;  A,  accelerans  centre  ;  Vag.,  vagus  ;  SL, 
superior,  IL,  inferior  laryngeal  ;  SO,  superior,  IC,  inferior  cardiac  ;  H,  heart;  C,  cerebral 
impulse;  S,  cervical  sympathetic  ;  a,  a,  accelerans  fibres.  Fig  470. — Cardiac  plexus,  and 
ganglion  stellatum  of  the  cat.  K,  right,  L,  left  x  1^  ;  1,  vagus  ;  2'  cervical  sympathetic, 
and  in  the  annulus  of  Vieussens;  2,  communicating  branches  from  the  middle  cervical  gan- 
glion and  the  ganglion  stellatum ;  2",  thoracic  sympathetic  ;  3,  recurrent  laryngeal :  4, 
depressor  nerve  ;  5,  middle  cervical  ganglion  ;  5',  communication  between  5  and  the  vagus ; 
6,  ganglion  stellatum  (1st  thoracic  ganglion)  ;  7,  communicating  branches  with  the  vagus; 
8,  nervus  accelerans  ;  8,  8',  8",  roots  of  accelerans  ;  9,  branch  of  the  ganglion  stellatum. 

even  of  the  lower  cervical  ganglion,  or  of  the  upper  dorsal  ganglion  of  the 
sympathetic  {Gang,  stellatum),  causes  acceleration  of  the  heart-beats  in  the  dog  and 
rabbit,  without  the  blood-pressure  undergoing  any  change  {CI.  Bernard,  v.  Bezold, 
Cyan). 

On  stimulating  the  medulla  oblongata  or  the  cervical  portion  of  the  spinal  cord,  the  vaso- 
motor nerves  are,  of  course,  simultaneously  excited.  The  consequence  is  that  the  blood-vessels, 
supplied  by  vaso-motor  nerves  from  the  spot  which  is  stimulated,  contract,  and  the  blood- 
pressure  is  greatly  increased.  Again,  a  simple  increase  of  the  blood-pressure  accelerates  the 
action  of  the  heart  ;  this  experiment  does  not  prove  directly  the  existence  of  accelerating  fibres 
lying  in  the  upper  part  of  the  spinal  cord.  If,  however,  the  splanchnic  nerves  be  divided 
beforehand  (when,  as  they  supply  the  largest  vaso-motor  area  in  the  body,  the  result  of  their 
division  is  to  cause  a  great  fall  of  the  blood-pressure),  then  on  stimulating  the  above-named 
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parts,  after  this  operatiou,  the  heart-beats  are  still  increased  iu  number,  so  that  this  increase 
cannot  be  due  to  the  increased  blood-pressure.  Indirectly  it  may  be  shown,  by  dividing  or 
extirpating  all  the  nerves  of  the  cardiac  plexus,  or  at  least  all  the  nerves  going  to  the  heart, 
that  stimulation  of  the  medulla  oblongata,  or  cervical  part  of  the  spinal  cord,  no  longer 
causes  an  increased  frequency  of  the  heart's  action  to  the  same  extent  as  before  division  of 
these  nerves.  The  slightly  increased  frequency  in  rhis  case  is  due  to  the  increased  blood- 
pressure. 

The  accelerating  centre  is  certainly  not  continually  in  a  state  of  tonic  excitement, 
as  section  of  the  accelerans  nerve  does  not  cause  slowing  of  the  action  of  the  heart ; 
the  same  is  true  of  destruction  of  the  medulla  oblongata  or  of  the  cervical  spinal 
cord.  In  the  latter  case,  the  splanchnic  nerves  must  be  divided  beforehand,  to 
avoid  the  slowing  effect  on  the  action  of  the  heart  produced  by  the  great  fall  of  the 
blood-pressure  consequent  upon  destruction  of  the  cord,  otherwise  we  might  be  apt 
to  ascribe  the  result  to  the  action  of  the  accelerating  centre,  when  it  is  in  reality 
due  to  the  diminished  blood-pressure  {Cyon). 

According  to  the  results  of  the  older  observers  {v.  Bezohl  cuid  othe7-s),  some 
accelerating  fibres  run  in  the  cervical  sympathetic.  A  few  fibres  pass  through  the 
vagus  to  reach  the  heart  (§  352,  7),  and  when  they  are  stimulated,  either  the  heart- 
beat is  accelerated  or  the  cardiac  contractions  strengthened  {Heidenhain  and  Lowit), 
or  the  latter  alone  occurs  {Pawlow).  The  inhibitory  fibres  of  the  vagus  lose  their 
excitability  more  readily  than  the  accelerating  fibres,  but  the  vagus  fibres  are  more 
excitable  than  those  of  the  accelerans. 

Tarchaiioft"  has  described  some  very  rare  cases  of  individuals  who,  by  a  merely  voliDitary  effort, 
and  while  at  rest,  the  respirations  remaining  unaffected,  could  nearly  double  the  number  of 
their  pulse-beats. 

Modifying  Conditions.  — When  the  peripheral  end  of  the  nervus  accelerans  is  stimulated,  a 
considerable  time  elapses  before  the  effect  upon  the  frequency  of  the  heart  takes  place,  i.e.,  it 
has  a  long  latent  period.  Further,  the  acceleration  thus  produced  disappears  gradually.  If 
the  vagus  and  accelerans  fibres  be  stimulated  simultaneously,  only  the  inhibitory  action  of  the 
vagus  is  manifested.  If,  ^chile  the  accelerans  is  being  stimulated,  the  vagus  be  suddenly  excited, 
there  is  a  prompt  diminution  in  the  number  of  the  heart-beats  ;  and  if  the  stimulation  of  the 
vagus  is  stopped,  the  accelerating  effect  of  the  accelerans  is  again  rapidly  manifested  (C.  Ludwig 
with  Schmiedebenj ,  Bowditch,  Baxl).  According  to  the  experiments  of  Strieker  and  Wagner 
on  dogs,  with  both  vagi  divided,  a  diminution  of  the  number  of  the  heart-beats  occurred 
when  both  accelerantes  were  divided.  This  would  indicate  a  tonic  innervation  of  the  latter 
nerves. 

[Accelerans  in  the  Frog. — Gaskell  showed  that  stimulation  of  the  vagus 
might  produce  two  opposing  effects  ;  the  one  of  the  nature  of  inhibition,  the  other 
of  augmentation.  In  the  crocodile,  the  accelerans  fibres  leave  the  sympathetic 
chain  at  the  large  ganglion  corresponding  to  the  ganglion  stellatum  of  the  dog,  and 
run  along  the  vertebral  artery  up  to  the  superior  vena  cava,  and,  after  anastomosing 
with  branches  of  the  vagus,  pass  to  the  heart.  "  Stimulation  of  these  fibres  in- 
creases the  rrt^e  of  the  cardiac  rhythm,  and  augments  the /brer  of  auricular  con- 
tractions ;  while  stimulation  of  the  vagus  slows  the  rhythm,  and  diminishes  the 
strength  of  the  auricular  contractions."  The  strength  of  the  ventricular  contraction, 
both  in  the  tortoise  and  crocodile,  does  not  seem  to  be  influenced  by  stimulation  of 
the  vagus,  and  probably  also  it  is  unaffected  by  the  sympathetic.  The  so-called 
vagus  of  the  frog,  in  reality,  consists  of  pure  vagus  fibres  and  sympathetic  fibres, 
and  is  in  fact  a  vago-sympathetic.  Gaskell  finds  that  stiinulation  of  the  sympathetic, 
before  it  joins  the  combined  ganglion  of  the  sympathetic  and  vagus,  produces  inirely 
augmentor  or  accelerating  effects ;  while  stimulation  of  the  vagus,  before  it  enters 
the  ganglion,  produces  purely  inhibitory  effects.  The  two  sets  of  fibres  are  quite 
distinct,  so  that  in  the  frog,  the  sympathetic  is  a  purely  augmentor  (accelerator), 
and  the  vagus  a  purely  inhibitory  nerve.  Acceleration  is  merely  one  of  the  effects 
produced  by  stimulation  of  these  nerves ;  hence,  Gaskell  suggests  that  they  ought 
to  be  called  "  augmentor,"  or  simply  cardiac  sympathetic  nerves.] 

[In  his  more  recent  researches  Gaskell  asserts  that  vagus  stimulation  produces  .^rs<  an  inhibi- 


672 


POSITION  OF  THE  VASO-MOTOK  CENTRE. 


tory  or  depressing  effect,  but  that  it  ultimately  improves  the  condition  of  the  heart  as  regards 
force,  rate,  or  regularity — one  or  all  of  these.  He  regards  it  as  a  true  anabolic  nerve  (§  342,  d).] 

371.  VASO-MOTOR  CENTRE  AND  VASO-MOTOR  NERVES.— Vaso-motor 

Centre. — The  chief  dominating  or  general  centre,  which  supplies  all  the  non- 
striped  muscles  of  the  arterial  system  with  motor  nerves  (vaso-motor,  vaso-con- 
strictor,  vaso-hypertonic  nerves),  lies  in  the  medulla  oblongata,  at  a  point  which 
contains  many  ganglionic  cells  {Lndwig  and  Thiry).  Those  nerves  which  pass  to 
the  blood-vessels  are  known  as  vaso-motor  nerves.  The  centre  (which  is  3 
millimetres  long  and  \}j  millimetre  broad  in  the  rabbit)  reaches  from  the  region  of 
the  upper  part  of  the  floor  of  the  medulla  oblongata  to  within  4  to  5  mm.  of  the 
calamus  scriptorius.  Each  half  of  the  body  has  its  own  centre,  placed  2|  milli- 
metres from  the  middle  line  on  its  own  side,  in  that  part  of  the  medulla  oblongata 
which  represents  the  upward  continuation  of  the  lateral  columns  of  the  spinal  cord  ; 
according  to  Ludwig,  Owsjannikow,  and  Dittmar,  in  the  lower  part  of  the  superior 
olives.  Stimulation  of  this  central  area  causes  contraction  of  all  the  arteries,  and, 
in  consequence,  there  is  great  increase  of  the  arterial  blood-pressure,  resulting  in 
swelling  of  the  veins  and  heart.  Paralysis  of  this  centre  causes  relaxation  and 
dilatation  of  all  the  arteries,  and  consequently  there  is  an  enormous  fall  of  the 
blood-pressure.  Under  ordinary  circumstances,  the  vaso-motor  centre  is  in  a  condi- 
tion of  moderate  tonic  excitement  (§  366).  Just  as  in  the  case  of  the  cardiac  and 
respiratory  centres,  the  vaso-motor  centre  may  be  excited  directly  and  reflexly. 

[Position — How  ascertained. — As  stimulation  of  the  central  end  of  a  sensory 
nerve,  e.g.,  the  sciatic,  in  an  animal  under  the  influence  of  curara,  causes  a  rise  in 
the  blood-pressure,  even  after  removal  of  the  cerebrum,  it  is  evident  that  the  centre 
is  not  in  the  cerebrum  itself.  For  the  effect  of  chloral,  under  the  same  conditions, 
see  p.  674.  By  making  a  series  of  sections  from  above  downwards,  it  is  found 
that  this  reflex  effect  is  not  affected  until  a  short  distance  above  the  medulla 
oblongata  is  reached.  If  more  and  more  of  the  medulla  oblongata  be  removed  from 
above  downwards,  then  the  reflex  rise  of  the  blood-pressure  becomes  less  and  less, 
until,  when  the  section  is  made  4  to  5  mm.  above  the  calamus  scriptorius,  the 
effect  ceases  altogether.  This  is  taken  to  be  the  lower  limit  of  the  general  vaso- 
motor centre.  The  bilateral  centre  corresponds  to  some  large  multipolar  nerve- 
cells,  described  by  Clarke  as  the  antero-lateral  nucleus.] 

I.  Direct  Stimulation  of  the  Centre.— The  amount  and  quality  of  the  gases 
contained  in  the  blood  flowing  through  the  medulla  are  of  primary  importance.  In 
the  condition  of  apnrea  (§  368,  1),  the  centre  seems  to  be  very  slightly  excited,  as 
the  blood-pressure  undergoes  a  considerable  decrease.  When  the  mixture  of  blood- 
gases  is  such  as  exists  under  normal  circumstances,  the  centre  is  in  a  state  of 
moderate  excitement,  and  running  parallel  with  the  respiratory  movements  are 

variations  in  the  excitement  of  the  centre  (Traube-Hering  curves  $5  85),  these 

variations  being  indicated  by  the  rise  of  the  blood-pressure.  When  the  blood  is 
highly  venous,  produced  either  by  asphyxia  or  by  the  inspiration  of  air  containing 
a  large  amount  of  CO.,,  the  centre  is  strongly  excited,  so  that  all  the  arteries  of  the 
body  contract,  while  the  venous  system  and  the  heart  become  distended  with  blood 
{Thiry).  At  the  same  time,  the  velocity  of  the  blood-stream  is  increased 
{Heidenhain).  The  same  result  is  produced  by  ligature  of  both  the  carotid  and 
subclavian  arteries,  thus  causing  sudden  antBmia  of  the  medulla  oblongata  •  and 
no  doubt,  also  by  the  sudden  stagnation  of  the  blood  in  venous  hypertemia.  ' 

Emptiness  of  the  Arteries  after  Death.— The  veuosity  of  the  blood  which  occurs  after  death 
always  produces  an  energetic  stimulation  of  the  vaso-motor  centre,  in  consequence  of  which  the 
arteries  are  firmly  contracted.  The  blood  is  thereby  forced  towards  the  caDillaries  and  veins ' 
and  thus  is  explained  the  "emptiness  of  the  arteries  after  death."  ' 

Effect  on  Haemorrhage. —Blood  flows  much  more  freely  from  large  wounds  when  the  vaso 
motor  centre  is  intact,  than  if  it  be  destroyed  (frog).    As  psychical  excitement  undoubtedly 
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influences  the  vaso-motor  centre,  we  may  thus  explain  the  influence  of  psychical  excitement 
(speaking,  &c.)  upon  the  cessation  of  h^monhage.  If  the  haimorrhage  be  severe,  stimulation 
of  the  medulla  oblongata,  due  to  the  anfemia,  may  ultimately  cause  constriction  of  the  small 
arteries,  and  thus  arrest  the  bleeding.  Thus,  surgeons  are  acquainted  with  the  fact  that 
dangerous  hiemorrhage  is  often  arrested  as  soon  as  unconsciousness,  due  to  cerebral  aua;mia, 
occurs.  If  the  heart  be  ligatured  in  a  frog,  all  the  blood  is  ultimately  forced  into  the  veins, 
and  this  result  is  also  due  to  the  anremic  stimulation  of  the  oblongata  {GoUz).  In  mammals, 
when  the  heart  is  ligatured,  the  equilibration  of  the  blood-pressure  between  the  arterial  and 
venous  systems  takes  place  more  slowly  when  the  medulla  oblongata  is  destroyed  than  when  it 
is  intact  (y.  Bczolcl,  Gscheidlcn). 

[Effect  of  Destruction  of  the  Vaso-motor  Centre.— If  two  frogs  be  pithed  and  their  hearts  ex- 
posed, and  both  be  suspended,  then  the  hearts  of  both  will  be  found  to  beat  rhythmically  and 
fill  with  blood.  Destroy  the  medulla  oblongata  and  spinal  cord  of  one  of  them,'  then  immedi- 
ately in  this  case,  the  heart,  although  continuing  to  beat  with  an  altered  rhythm,  ceases  to  be 
tilled  with  blood  ;  it  appears  collapsed,  pale,  and  blooilless.  There  is  a  great  accumulation  of 
the  blood  in  the  abdominal  organs  and  veins,  and  it  is  not  returned  to  the  heart,  so  that  the 
arteries  are  empty.  This  experiment  of  Goltz  is  held  to  show  the  existence  of  venoi^s  tonus 
depending  on  a  cerebro-spinal  centre.  If  a  limb  of  this  frog  be  amputated,  there  is  little  or  no 
hfemorrhage,  while  in  the  other  frog  the  hemorrhage  is  severe.  The  bearing  of  this  experi- 
ment on  conditions  of  "shock"  is  evident.] 

Action  of  Poisons. — Strychnin  stimulates  the  centre  directly,  even  in  curarised  dogs,  and  so 
do  nicolin  and  Calabar  bean. 

Direct  Electrical  Stimulation. —On  stimulating  the  centre  directly  in  animals,  it  is  found  that 
single  induction  shocks  only  become  effective  when  they  succeed  each  other  at  the  rate  of  2  to 
3  shocks  per  second.  Thus  there  is  a  "summation"  of  the  single  shocks.  The  maximum 
contraction  of  the  arteries,  as  expressed  by  the  maximum  blood-pressure,  is  reached  when  10  to  12 
strong,  or  20  to  2.')  moderately  strong  shocks  per  second  are  applied  {Kronecker  and  Nicolaides). 

Course  of  the  Vaso-motor  Nerves. — From  the  vaso-motor  centre  fibres  proceed  directly  through 
some  of  the  cranial  nerves  to  their  area  of  distribution  ;  throi;gh  the  trigeminus  partly  to  the 
interior  of  the  eye  (§  347,  I.,  2),  through  the  lingual  and  hypoglossal  to  the  tongue  (§  347,  III., 
4),  through  the  vagus  to  a  limited  extent  to  the  lungs  (§  352,  8,  2),  and  to  the  intestines 
(§  352,  11). 

All  the  other  vaso-motor  nerves  descend  in  the  lateral  columns  of  the  spinal  cord  (§  364,  9)  ; 
hence,  stimulation  of  the  lower  cut  end  of  the  spinal  cord  causes  contraction  of  the  blood-vessels 
.supplied  by  the  nerves  below  the  point  of  section  [PJliigcr).,  In  their  course  through  the  cord, 
these  fibres  form  connections  with  the  suhordinate  vaso-motor  cc7itres  in  the  grey  matter  of  the 
cord  (§  362,  7),  and  then  leave  the  cord  either  directly  through  the  anterior  roots  of  the  spinal 
nerves  to  their  areas  of  distribution,  or  pass  through  the  rami  communicantes  into  the  sympa- 
thetic, and  from  them  reach  the  blood-vessels  to  which  they  are  distributed  (§  356)  [see  fig.  439]. 

The  following  is  the  arrangement  of  these  nerves  in  the  region  of  the  head  : — The  cervical 
portion  of  the  synqmthctic  supplies  the  great  majority  of  the  blood-vessels  of  the  head  (see 
Sympathetic,  %  356,  A,  3).  In  some  animals,  the  great  auricular  nerve  supplies  a  few  vaso- 
motor fibres  to  its  own  area  of  distribution  {Schiff,  Loven,  Moreau).  The  vaso-motor  nerves  to 
the  upper  extremities  pass  through  the  anterior  roots  of  the  middle  dorsal  nerves  into  the 
thoracic  sympathetic,  and  upwards  to  the  1st  thoracic  ganglion,  and  from  thence  through  the 
rami  communicantes  to  the  brachial  plexus  {Schiff,  Cyon).  The  skin  of  the  trunk  receives  its 
vaso-motor  nerves  through  the  dorsal  and  lumbar  nerves.  The  vaso-motor  nerves  to  the  lower 
extremities  pass  through  the  nerves  of  the  lumbar  and  sacral  plexuses  into  the  sympathetic, 
and  from  thence  to  the  lower  limbs  {PJiiiger,  Schiff,  CI.  Bernard).  The  lungs,  in  addition  to  a 
few  fibres  through  the  vagus,  are  supplied  from  the  cervical  spinal  cord  througli  the  1st  thoracic 
ganglion  (Brown-S6quard,  Pick  and  Badoud,  Lichtheim).  The  splanchnic  is  the  greatest  vaso- 
motor nerve  in  the  body,  and  supplies  the  abdominal  viscera  (§  356,  B — v.  Bczold,  Ludwig  and 
Cyon).  The  vaso-motor  nerves  of  the  liver  (§  173,  6),  kidney  (§  276),  and  spleen  (§  103)'  have 
been  referred  to  already.  According  to  Strieker,  most  of  the  vaso-rnotor  nerves  leave  the  spinal 
cord  between  the  5th  cervical  and  the  1st  dorsal  vertebrae  [Gaskell  finds  that  in  the  dog  (fig. 
439)  they  begin  to  leave  the  cord  at  the  2nd  dorsal  nerve  (§  366).] 

As  a  general  rule,  the  blood-vessels  for  the  skin  of  the  trunk  and  extremities  are  innervated 
from  those  nerves  which  give  other  fibres  {e.g.,  sensory)  to  those  regions.  The  different  vascular 
areas  behave  differentiy  with  regard  to  the  intensity  of  the  action  of  the  vaso-motor  nerves. 
Tlie  most  powerful  vaso-motor  nerves  are  those  that  act  upon  the  blood-vessels  of  peripheral 
parts,  e.g.,  the  toes,  the  fingers,  and  ears;  while  those  that  act  upon  central  parts  seem  to  be 
less  active  {Lcwaschcio),  e.g.,  on  the  pulmonic  circulation  (§  88). 

II.  Reflex  Stimulation  of  the  Centre. — There  are  fibres  contained  in  the 
different  afferent  nerves,  whose  stimulation  affects  the  vaso-motor  centre.  There 
are  nerve-libres  vv'hose  stimulation  excites  the  vaso-motor  centre,  thus  causing  a 
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stronger  contrcaction  of  the  arteries,  and  consequently  an  increase  of  the  arterial 
blood-pressure.  These  are  called  "  pressor  "  fibres.  Conversely,  there  are  other 
fibres  whose  stimulation  reflexly  diminishes  the  excitability  of  the  vaso-motor 
centre.  These  act  as  reflex  inhibitory  nerves  on  the  centre,  and  are  known  as 
"  depressor  "  fibres. 

Pressor,  or  excito-vaso-motor  nerves,  have  already  been  referred  to  in  connection 
with  the  superior  and  inferior  laryngeal  nerves  (§  352,  12,  a),  in  the  trigeminus, 
which,  when  stimulated  directly  (§  347),  causes  a  pressor  action,  as  well  as  when 
stimulating  vapours  are  blown  into  the  nostrils  {Hering  and  Kratschmer).  _  [The 
rise  of  the  blood-pressure  in  this  case,  however,  is  accompanied  by  a  change  in  the 
character  of  the  heart's  beat  and  in  the  respirations.  Rutherford  has  shown  that 
in  the  rabbit  the  vapour  of  chloroform,  ether,  amyl  nitrite,  acetic  acid,  or  ammonia 
held  before  the  nose  of  a  rabbit,  greatly  retards  or  even  arrests  the  heart's  action, 
and  the  same  is  true  if  the  nostrils  be  closed  by  the  hand.  This  arrest  does  not 
occur  if  the  trachea  be  opened,  and  Rutherford  regards  the  result  as  due  not  to  the 
stimulation  of  the  sensory  fibres  of  the  trigeminus,  but  to  the  state  of  the  hlood 
acting  on  the  cardio-inhibitory  nerve  apparatus.]  Hubert  and  Roever  found  pressor 
fibres  in  the  cervical  sympathetic ;  S.  Mayer  and  Pribram  found  that  mechanical 
stimulation  of  the  stomach,  especially  of  its  serosa,  caused  pressor  effects  (§  352, 
12,  c).  According  to  Loven,  first  effect  of  stimulating  every  sensory  nerve  is  a 
pressor  action. 

[If  a  dog  be  poisoned  with  curara,  and  the  central  end  of  one  sciatic  nerve  be 
stimulated,  there  is  a  great  and  steady  rise  of  the  blood-pressure,  chiefly  owing  to 
the  contraction  of  the  abdominal  blood-vessels,  and  at  the  same  time  there  is  no 
change  in  the  heart-beat.  If,  however,  the  animal  be  poisoned  with  chloral,  there 
is  a  fall  of  the  blood-pressure  resembling  a  depressor  effect.] 

0.  Naumaiin  found  tliat  weak,  electrical  stimulation  of  the  skin  caused  at  first  contraction 
of  the  blood-vessels,  especially  of  the  mesentery,  lungs,  and  the  web,  with  simultaneous  excite- 
ment of  the  cardiac  activity  and  acceleration  of  the  circulation  (frog).  Strong  stimuli,  however, 
had  an  ojjposite  elfect,  i.e.,  a  depressor  effect,  with  simultaneous  decrease  of  the  cardiac  activity. 
Griitzner  and  Heidenhain  found  that  contact  -with  the  skin  caiised  a  pressor  effect,  while  pain- 
ful impressions  produced  no  effect.  The  application  of  heat  and  cold  to  the  skin  produces 
reflexly  a  change  in  the  lumen  of  the  blood-vessels  and  in  the  cardiac  activity  {Ruling,  Winter- 
tiitz).  Pinching  the  skin  causes  contraction  of  the  vessels  of  the  pia  mater  of  the  rabbit 
{Schiiller),  and  the  same  result  was  produced  by  a  warm  bath,  while  cold  dilated  the  vessels. 
These  results  are  due  partly  to  pressor  and  partly  to  depressor  effects,  but  the  chief  cause  of  the 
dilatation  of  the  blood-vessels  is  the  increased  blood-pressure  due  to  the  cold  constricting  the 
cutaneous  vessels.  Heat,  of  course,  has  the  opposite  effect.  In  man,  most  stimuli  applied  to 
sensory  nerves  produce  an  effect : — feeble  cutaneous  stimuli,  tickling  (even  unpleasant  odours, 
bitter  or  acid  tastes,  optical  and  acoustic  stimuli)  at  the  parts  where  they  are  applied,  cause  a  fall 
of  the  cutaneous  temperature,  and  diminution  of  the  volume  of  the  corresponding  limb,  some- 
times increase  of  the  general  blood-pressure  and  change  of  the  heart-beat.  The  opi)osite  effects 
are  produced  by  painful  stimulation,  the  action  of  heat  (and  even  by  pleasant  odours  and  sweet 
tastes).  The  former  cause  simultaneously  dilatation  of  the  cerebral  vessels  and  increase 
the  vascular  contents  of  the  skull, — the  latter  cause  the  opposite  results  {Mominow  and 
Tarchanoff). 

Depressor  fibres,  i.e.,  fibres  whose  stimulation  diminishes  the  activity  of  the 
vaso-motor  centre,  are  present  in  many  nerves.  They  are  specially  numerous  in 
the  superior  cardiac  branch  of  the  vagus,  which  is  known  as  the  depressor  nerve 
(§  352,  6).  The  trunk  of  the  vagus  below  the  latter  also  contains  depressor  fibres 
{v.  Bezold),  as  well  as  the  pulmonary  fibres  (dog).  The  latter  also  act  as  depressors, 
during  strong  expiratory  efforts  (§  74) ;  while  Hering  found  that  inflating  the  lungs 
(to  50  mm.  Hg  pressure)  caused  a  fall  of  the  blood-pressure  (and  also  accelerated 
the  heart  beats — §  369,  II.).  Stimulation  of  the  central  end  of  sensory  nerves, 
especially  when  it  is  intense  and  long-continued,  causes  dilatation  of  the  blood- 
vessels in  the  area  supplied  by  them  {Loven).  According  to  Latschenberger  and 
Deahna,  all  sensory  nerves  contain  both  pressor  and  depressor  fibres. 
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[If  a  rabbit  be  poisoned  with  curara,  and  the  central  end  of  the  great  auricular 
nerve  be  stimulated,  there  is  a  double  effect— one  local  and  the  other  general ;  the 
blood-vessels  throughout  the  body,  but  especially  in  the  splanchnic  area,  contract, 
so  that  there  is  a  general  rise  of  the  blood-pressure,  while  the  blood-vessels  of  the 
ear  are  dilated.  If  the  central  end  of  the  tibial  nerve  be  stimulated,  there  is  a  rise 
of  the  general  blood-pressure,  but  a  local  dilatation  of  the  saphena  artery  in  the 
limb  of  that  side  (Loveii).  Again,  the  temperature  of  one  hand  and  the  condition 
of  its  blood-vessels  influence  that  of  the  other.  If  one  hand  be  dipped  in  cold 
water,  the  temperature  of  the  other  hand  falls.  Thus,  pressor  and  depressor  effects 
may  be  obtained  from  the  same  nerve.  The  vaso-motor  centre,  therefore,  primarily 
regulates  the  condition  of  the  blood-vessels,  but  through  them  it  obtains  its 
importance  by  regulating  and  controlling  the  blood  supply  according  to  the  needs 
of  an  organ.] 

The  central  artery  of  a  rabbit's  ear  contracts  regularly  and  rhythmically  3  to  5  times  per 
minute.  Schiff  observed  that  stimulation  of  sensory  nerves  caused  a  dilatation  of  the  artery, 
which  was  preceded  by  a  slight  temporary  constriction. 

Depressor  effects  are  i)roduced  in  the  area  of  an  artery  ou  which  direct  pressure  is  made,  as 
occurs,  for  example,  when  the  sphygmograph  is  applied  for  a  long  time — the  pulse-curves 
become  larger,  and  there  are  signs  of  diminished  arterial  tension  (§  75). 

Ehythmical  Contraction  of  Arteries. — In  the  intact  body  slow  alternating  contraction  and 
dilatation,  without  a  uniform  rhythm,  have  been  observed  in  the  arteries  of  the  ear  of  the 
rabbit,  the  membrane  of  a  bat's  wing,  and  the  web  of  a  frog's  foot.  This  arrangement,  observed 
by  Schili",  siipplies  more  or  less  blood  to  the  parts  according  to  the  action  of  external  conditions. 
It  has  been  called  a  "periodic  regulatory  vascular  movement."  Tiiis  movement  may  be  use- 
ful when  a  vessel  is  occluded,  as  after  ligature,  and  may  help  to  establish  more  rapidly  the 
collateral  circulation.  Stefani  has  shown  that  this  occurs  with  more  difficulty  after  section  of 
the  nerves. 

Direct,  local,  applications  may  influence  the  lumen  of  the  blood-vessels  ;  cold  and  moderate 
electrical  stimuli  cause  contraction ;  while,  conversely,  heat  and  strong  mechanical  or 
electrical  stimuli  cause  dilatation,  although  Avith  the  last  two  there  is  usually  a  preliminary 
constriction.  » 

Poisons. — Almost  all  the  digitalis  group  of  substances  cause  constriction  ;  quinine  and 
salicin  constrict  the  splenic  vessels.  The  other  febrifuges  dilate  the  vessels  {Thomson). 
See  p.  95. 

Effect  on  Temperature. — The  vaso-motor  nerves  influence  the  temperature,  not 
only  of  individual  parts,  but  of  the  whole  body. 

1.  Local  Effects. — Section  of  a  peripheral  vaso-motor  nerve,  e.g.,  the  cervical 

sympathetic,  is  followed  by  dilatation  of  the  blood-vessels  of  the  parts  supplied 
by  it  (such  as  the  ear  of  the  rabbit),  the  intra-arterial  pressure  dilating  the  paralysed 
walls  of  the  vessels.  Much  arterial  blood,  therefore,  passes  into  and  causes 
congestion  and  redness  of  the  parts,  or  hyperfemia,  while,  at  the  same  time,  the 
temperature  is  increased.  There  is  also  increased  transudation  through  the  dilated 
capillaries  within  the  dilated  areas ;  the  velocity  of  the  blood-stream  is  of  course 
diminished,  and  the  blood-pressure  increased.  The  pulse  is  also  felt  more  easil)', 
because  the  blood-vessels  are  dilated.  Owing  to  the  increase  of  the  blood-stream,  the 
blood  may  flow  from  the  veins  almost  arterial  (bright  red)  in  its  characters,  and  the 
pulse  may  even  be  propagated  into  the  veins,  so  that  the  blood  spouts  from  them 
{CI.  Bernard).  Stimulation  of  the  peripheral  end  of  a  vaso-motor  nerve  causes 
the  opposite  results — pallor,  owing  to  contraction  of  the  vessels,  diminished 
transudation,  and  fall  of  the  temperature  on  tlie  surface.  The  smaller  arteries 
may  contract  so  much  that  their  lumen  is  almost  obliterated.  Continued  stimulation 
ultimately  exhausts  the  nerve,  and  causes  at  the  same  time  the  phenomena  of 
paralysis  of  the  vascular  wall. 

Secondary  Eesults. — The  immediate  results  of  paralysis  of  the  vaso-motor  nerves  lead  to 
other  effects  ;  the  paralysis  of  the  muscles  of  the  blood-vessels  must  lead  to  congestion  of  the 
blood  in  the  part  ;  the  blood  moves  more  slowly,  so  that  the  pai'ts  in  contact  with  the  air  cool 
more  easily,  and  hence  the  first  stage  of  increase  of  the  temperature  may  be  followed  by  a  fall 
of  the  temperature.    The  ear  of  a  rabbit  with  the  sympathetic  divided,  after  several  weeks 
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becomes  cooler  than  the  ear  on  the  sound  one.  If  in  man  the  motor  muscular  nerves,  as  well 
as  the  vaso-motor  fibres,  are  paralysed,  then  the  paralysed  limb  becomes  cooler  because  the 
paralysed  muscles  no  longer  contract  to  aid  in  the  production  of  heat  (§  338),  and  also  because 
the  dilatation  of  the  muscular  arteries,  which  accompanies  a  muscular  contraction,  is  absent. 
Should  atrophy  of  the  paralysed  muscles  set  in,  the  blood-vessels  also  become  smaller.  Hence, 
paralysed  limbs  in  man  generally  become  cooler  as  time  goes  on.  The  primary  effect,  however, 
in  a  limb,  e.g.,  after  section  of  the  sciatic  or  lesion  of  the  brachial  plexus,  is  an  increase  of  the 
temperature. 

If,  at  the  same  time,  the  vaso-motor  nerves  of  a  large  area  of  the  skin  be 
paralysed,  e.g.,  the  lower  half  of  the  body  after  section  of  the  spinal  cord,  then  so 
much  heat  is  given  off  from  the  dilated  blood-vessels  that,  either  the  warming  of  the 
skin  lasts  for  a  very  short  time  and  to  a  slight  degree,  or  there  may  be  cooling 
at  once.  Some  observers  {Tschetschichin,  Naunyn,  Quincke)  observed  a  rise  of  the 
temperature  after  section  of  the  cervical  spinal  cord,  but  Riegel  did  not  observe  this 
increase. 

2.  Effect  on  the  Temperature  of  the  Body. — Stimulation  or  paralysis  of 
the  vaso-motor  nerves  of  a  small  area  has  practically  no  effect  on  the  general 
temperature  of  the  body.  If,  however,  the  vaso-motor  nerves  of  a  considerable  area 
of  the  skin  be  suddenly  paralysed,  then  the  temperature  of  the  entire  body  falls, 
because  more  heat  is  given  off  from  the  dilated  vessels  than  under  normal  circum- 
stances. This  occurs  when  the  spinal  cord  is  divided  high  up  in  the  neck.  The 
inhalation  of  a  few  drops  of  amyl  nitrite,  which  dilates  the  blood-vessels  of  the 
skin,  causes  a  fall  of  the  temperature  (Sassetzki  and  Manasstin).  Conversely, 
stimulation  of  the  vaso-motor  nerves  of  a  large  area  increases  the  temperature, 
because  the  constricted  vessels  give  off  less  heat.  The  temperature  in  fever  may 
be  partly  explained  in  this  way  (§  220,  4). 

The  activity  of  the  heart,  i.e.,  the  number  and  energy  of  the  cardiac  con- 
tractions, is  influenced  by  the  condition  of  the  vaso-motor  nerves.  When  a  large 
vaso-motor  area  is  paralysed,  the  blood-channels  are  dilated,  so  that  the  blood  does 
not  flow  to  the  heart  at  the  usual  rate  and  in  the  usual  amount,  as  the  pressure  is 
considerably  diminished.  Hence,  the  heart  executes  extremely  small  and  feeble 
contractions.  Strieker  observed  that  the  heart  of  a  dog  ceased  to  beat  on  extirpat- 
ing the  spinal  cord  from  the  1st  cervical  to  the  8th  dorsal  vertebra.  Conversely, 
we  know  that  stimulation  of  a  large  vaso-motor  area,  by  constricting  the  blood- 
vessels, raises  the  arterial  blood-pressure  considerably.  As  the  arterial  pressure 
affects  the  pi-essure  within  the  left  ventricle,  it  may  act  as  a  mechanical  stimulus 
to  the  cardiac  wall,  and  increase  the  cardiac  contractions  both  in  number  and 
strength.    Hence,  the  circulation  is  accelerated  {Heidenhain,  Slavjanshy). 

Splanchnic. — By  far  the  largest  vaso-motor  area  in  the  body  is  that  controlled  by  the 
splanchnic  nerves,  as  they  supply  the  blood-vessels  of  the  abdomen  (§  161)  ;  hence,  stimulation 
of  their  peripheral  ends  is  followed  by  a  great  rise  of  the  blood-pressure.  When  they  are 
divided,  there  is  such  a  fall  of  the  blood-pressure  that  other  parts  of  the  body  become  more 
or  less  anaemic,  and  the  animal  may  even  die  from  "  being  bled  into  its  own  belly,"  i.e.,  from 
what  has  been  called  " intra vasctilar  haemorrhage."  Animals  whose  portal  vein  is  ligatured 
die  for  the  same  reason  (C.  Ludivig  and  Thiry)  [see  g  87].  The  capacity  of  the  vascular  system, 
depending  as  it  does  in  part  ujion  tlie  condition  of  the  vaso-motor  nerves,  influences  the  hody- 
weight.  Stimulation  of  certain  vascular  areas  may  cause  the  rapid  excretion  of  water,  and  we 
may  thus  account  in  part  for  the  diminution  of  the  body-weight,  which  has  been  sometimes 
observed  after  an  epileptic  attack  terminating  with  polyuria. 

Trophic  disturbances  sometimes  occur  after  affections  of  the  vaso-motor  nerves  (§  342,  I.,  c). 
Paralysis  of  the  vaso-motor  nerves  not  only  causes  dilatation  of  the  blood-vessels  and  local 
increase  of  the  blood-pressure,  but  it  may  also  cause  increased  transudation  through  the  capil- 
laries [§  203].  "When  the  active  contraction  of  the  muscles  is  abolished,  the  blood-stream  at 
the  same  time  becomes  slower,  and  in  some  cases,  the  skin  becomes  livid,  owino'  to  the  venous 
congestion.  There  is  a  diminution  of  the  normal  transpiration,  and  the  epidermis  may  be  dry 
and  peel  off  in  scales.  The  growth  of  the  hair  and  nails  may  be  affected  by  the  congestion  of 
blood,  and  other  tissues  may  also  suffer.  ° 

Vaso  motor  Centres  in  the  Spinal  Cord.— Besides  the  dominating  centre 
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in  the  medulla  oblongata,  the  blood-vessels  are  acted  upon  by  local  or  .mhordiuatc 
vaso-motor  centres  in  the  grey  matter  of  the  sjnnal  cord,  as  is  proved  by  the  follow- 
ing observations  : — If  the  spinal  cord  of  an  animal  be  divided,  then  all  the  blood- 
vessels supplied  by  vaso-motor  nerves  below  the  point  of  section  are  paralysed,  as 
the  vaso-motor  fibres  proceed  from  the  medulla  oblongata.  If  the  animal  lives, 
the  blood-vessels  regain  their  tone  and  their  former  calibre,  while  the  rhythmical 
movements  of  their  muscular  walls  are  ascribed  to  the  subordinate  centres  in  the 
lower  part  of  the  spinal  cord  (Lister,  Goltz — §  362,  7). 

The  subordinate  spinal  centres  may,  further,  be  stimulated  directly  by  dyspnceic  blood,  and 
also  reflexly,  in  the  rabbit  and  frog  ( Ustimoxtdtsch).  After  destruction  of  the  medulla  oblongata, 
the  arteries  of  the  frog's  Aveb  still  contract  reflexly  when  the  sensory  nerves  of  the  hind  leg  are 
stimulated  {Putyiam,  Xusshaum,  Vulpian).  In  the  dog,  oi^posite  the  3rd  to  6th  dorsal  nerve  is  a 
spinal  vaso-motor  centre  (origin  of  the  splanchnic),  which  can  be  excited  reflexly  (Smirnmo), 
and  there  is  a  similar  one  in  the  lower  part  of  the  spinal  cord  ( Fu?2)ia7i). 

If  the  low^er  divided  part  of  the  cord  be  crtished,  the  blood-vessels  again  dilate, 
owing  to  the  destruction  of  the  subordinate  centres.  In  animals  which  survive  this 
operation,  the  vessels  of  the  paralysed  parts  gradually  recover  their  normal  diameter 
and  rhythmical  movements.  This  effect  is  ascribed  to  ganglia,  which  are  supposed 
to  exist  along  the  course  of  the  vessels.  [It  is  to  be  recollected  that  the  existence 
of  these  peripheral  nervous  mechanisms  has  not  been  proved.]  These  ganglia  [or 
peripheral  nervous  mechanisms]  might  be  compared  to  the  ganglia  of  the  heart,  and 
seem  by  themselves  capable  of  sustaining  the  movements  of  the  vascular  wall. 
Even  the  blood-vessels  of  an  excised  kidney  exhibit  periodic  variations  of  their 
calibre  (C  Lvdwig  and  Mosso).  It  is  important  to  observe  that  the  walls  of  the 
blood-vessels  contract  as  soon  as  the  blood  becomes  highly  venous.  Hence,  the 
blood-vessels  offer  a  greater  resistance  to  the  passage  of  venous  than  of  arterial 
blood  (C.  Ludioig).  Nevertheless,  the  blood-vessels,  although  they  recover  part  of 
their  tone  and  mobility,  never  do  so  completely. 

The  effects  of  direct  mechanical,  chemical,  and  electrical  stimuli  on  blood-vessels  may  be  due 
to  their  action  on  these  peripheral  nervous  mechanisms.  The  arteries  may  contract  so  much 
as  almost  to  disappear,  but  sometimes  dilatation  follows  the  primary  stimulus. 

Lewaschew  found  that  limbs,  in  which  the  vaso-motor  fibres  had  undergone  degeneration, 
reacted  like  intact  limbs  to  variations  of  temperature  ;  heat  relaxed  the  vessels,  and  cold  con- 
stricted them.  It  is,  however,  doubtful  if  the  variations  of  the  vascular  lumen  depend  upon 
the  stimulation  of  the  peripheral  nervous  mechanisms.  Amyl  nitrite  and  digitalis  are  supposed 
to  act  on  those  hypothetical  mechanisms. 

The  lyulsatiiKj  veins  in  the  bat's  wing  still  continue  to  beat  after  section  of  all  their  nerves, 
which  is  in  favour  of  the  existence  of  local  nervous  mechanisms  [Licchsingcr,  Schiff). 

Influence  of  the  Cerebrum. — The  cerebrum  influences  the  vaso-motor 
centre,  as  is  proved  by  the  sudden  pallor  that  accompanies  some  p.sychical  con- 
ditions, such  as  fright  or  terror.  There  is  a  centre  in  the  grey  matter  of  the 
cerebrum  w^here  stimulation  causes  cooling  of  the  opposite  side  of  the  body. 

Although  there  is  one  general  vaso-motor  centre  in  the  medulla  oblongata,  which 
influences  all  the  blood-vessels  of  the  body,  it  is  really  a  complex  composite  centre, 
consisting  of  a  number  of  closely  aggregated  centres,  each  of  which  presides  over  a 
particular  vascular  area.  We  know  something,  e.g.,  of  the  hepatic  (§  175)  and  re7ial 
centres  276). 

Many  poisons  excite  the  vaso-motor  nerves,  such  as  ergotin,  tannic  acid,  copaiba,  and  cubebs  ; 
others  f  rst  excite,  and  then  paralyse,  e.g.,  chloral  liydrate,  morphia,  laudanosin,  veratrin, 
nicotin,  Calabar  bean,  alcohol:  others  rapidly  paralyse  them,  e.g.,  amyl  nitrite,  CO  (§  17), 
atropin',  muscarin.  The  paralytic  action  of  the  poison  is  proved  by  the  fact  that,  after  section 
of  the  vaci  and  accelerantes,  neither  the  pressor  nor  the  depressor  nerves,  when  stimulated, 
produce  any  effect.    Many  pathological  infective  agents  affect  the  vaso-motor  nerves. 

The  veins  are  also  influenced  by  vaso-motor  nerves,  and  so  are  the  lymphatics, 
but  we  know  very  little  about  this  condition. 

Pathological.— The  angio-neuroses,  or  nervous  afTections  of  blood-vessels,  form  a  most 
important  group  of  diseases.    The  parts  primarily  affected  may  be  either  the  peripheral  nervous 
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niRchauisms,  the  subordinate  centres  in  the  cord,  the  dominating  centre  iu  the  medulla,  or  the 
"  ev  matter  of  the  cerebrum.  The  effect  may  be  direct  or  reflex.  The  dilatation  of  the  vessels 
mav  also  be  due  to  stimulation  of  vaso-dilator  nerves,  and  the  pliysician  must  be  care  ui  to 
distinguish  whether  the  result  is  due  to  paralysis  of  the  vaso-constrictor  nerves  or  stimulation 
of  the%-aso-dilator  fibres.  ^^m,or. 

Angio-neuroses  of  the  skin  occur  in  affections  of  the  vaso-motor  nerves,  either  as  a  amuse 
redness  or  pallor  ;  or  there  may  be  circumscribed  affections.  Sometimes,  owing  to  the  stimula- 
tion of  individual  vaso-motor  nerves,  there  are  local  cutaneous  arterio-spasms  {Aoihnagel).  In 
certain  acute  febrile  attacks-  after  previous  initial  violent  stimulation  of  the  vaso-motor  nerves, 
especially  during  the  cold  stage  of  fever— there  may  be  different  forms  of  paralytic  phenomena 
of  the  cutaneous  vessels.  In  some  cases  of  epilepsy  in  man,  Trousseau  observed  irregular,  red, 
angio-paralytic  patches  (ataches  cerebrales).  Continued  strong  stimulation  may  lead  to 
interruption  of  the  circulation,  which  may  result  in  gangrene  of  the  skin  and  deeper-seated 
parts  ( IFciss). 

Hemicrania,  due  to  unilateral  spasm  of  the  branches  of  the  carotid  on  the  head,  is  accom- 
panied by  severe  headache  {Du  Bois-Reymond).  The  cervical  sympathetic  nerve  is  intensely 
stimulated— a  pale,  collapsed,  and  cool  side  of  the  face,  contraction  of  the  temporal  artery  like 
a  firm  whip-cord,  dilatation  of  the  pupil,  secretion  of  thick  saliva,  are  sure  signs  of  this  affec- 
tion. This  form  may  be  followed  by  the  opposite  condition  of  paralysis  of  the  cervical  sympa- 
thetic, where  the  effects  are  reversed.    Sometimes  the  two  conditions  may  alternate. 

Basedow's  disease  is  a  remarkable  condition,  in  which  the  vaso-motor  nerves  are  concerned  ; 
the  heart  beats  very  rapidly  (90  to  129-200  beats  per  minute),  causing  palpitation  ;  there  is 
swelling  of  the  thyroid  gland  (sti-uma),  and  projection  of  the  eyeballs  (exophthalmos),  ^yith 
imperfectly  co-ordinated  movements  of  the  upper  eyelid,  whereby  the  plane  of  vision  is  raised 
or  lowered.  Perhaps  in  this  disease  we  have  to  deal  with  a  simultaneous  stimulation  of  the 
accelerans  cordis  (§  370),  the  motor  fibres  of  Midler's  muscles  of  the  orbit  and  eyelids  (§  347,  I.), 
as  well  as  of  the  vaso-dilators  of  the  thyroid  gland.  The  disease  may  be  due  to  direct  stimula- 
tion of  the  sympathetic  channels  or  their  spinal  origins,  or  it  may  be  referred  to  some  reflex  cause. 
It  has  also  been  explained,  however,  thus,  that  the  exophthalmos  and  struma  are  the  conse- 
quence of  vaso-motor  paralysis,  which  results  in  enlargement  of  the  blood-vessels,  while  the 
increased  cardiac  action  is  a  sign  of  the  diminished  or  arrested  inhibitory  action  of  the  vagus. 
All  these  phenomena  may  be  caused,  according  to  Filehne,  by  injury  to  the  upper  part  of  both 
restiform  bodies  in  rabbits. 

Visceral  Angio-neuroses. — The  occurrence  of  sudden  hyperemia  w-ith  transudations  and 
ecchymoses  in  some  thoracic  or  abdominal  organs  may  have  a  neurotic  basis.  As  already 
mentioned,  injury  to  the  pons,  corpus  striatum,  and  optic  thalamus  may  give  rise  to  hyperiemia, 
and  ecchymoses  in  the  lungs,  pleune,  intestines,  and  kidneys.  According  to  Brown -Sequard, 
compression  or  section  of  one-half  of  the  pons  causes  ecchymoses,  especially  in  the  lung  of  the 
opposite  side  ;  he  also  observed  ecchymoses  in  the  renal  capsule  after  injury  of  the  lumbar 
portion  of  the  spinal  cord  (§  379). 

The  dependence  of  diabetes  mellitus  upon  injury  to  the  vaso-motor  nerves  is  referred  to  in 
§  175  ;  the  action  of  the  vaso-motor  nerves  on  the  secretion  of  urine  in  §  276 ;  and  fever  in  §  220. 

372.  VASO-DILATOR  CENTRE  AND  NERVES.— Although  a  vaso-dilator 
centre  has  not  been  definitely  proved  to  exist  in  the  medulla,  still  its  existence  there 
has  been  surmised.  Its  action  is  opposite  to  that  of  the  vaso-motor  centre.  The 
centre  is  certainly  not  in  a  continuous  or  tonic  state  of  excitement.  The  vaso-dilator 
nerves  behave  in  their  functions  similarly  to  the  cardiac  branches  of  the  vagus ; 
both,  vi^hen  stimulated,  cause  relaxation  and  re.st  (Schif,  CI.  Bernard).  Hence, 
these  nerves  have  been  called  vano-iuhihitory,  vaso-hypotonic,  or  vaso-dilator 
nerves.  Dyspnceic  blood  stimulates  this  centre  as  Avell  as  the  vaso-motor  centre, 
so  that  the  cutaneous  vessels  are  dilated,  while  simultaneously  the  vessels  of  the 
internal  organs  are  contracted  and  the  organs  anaemic,  owing  to  the  stimulation  of 
their  vaso-motor  centre  [Dastre  and  Morat).  Nicotin  is  a  powerful  excitant  of  the 
vaso-dilator  nerves  (Ostroumqf) ;  it  raises  the  temperature  of  the  foot  (dog),  and 
increases  the  formation  of  lymph  (Eogowicz). 

[The  existence  of  vaso-dilator  nerves  is  assumed  in  accordance  with  such  facts  as 
the  following  : — If  the  chorda  tympani  be  divided,  there  is  no  change  in  the 
blood-vessels  of  the  sub-maxillary  gland  ;  but  if  its  peripheral  end  be  stimulated,  in 
addition  to  other  results  (§  145),  there  is  dilatation  of  the  blood-vessels  of  the  sub- 
maxillary gland,  so  that  its  veins  discharge  bright  florid  blood,  while  they  spout 
like  an  artery.    Similarly,  if  the  nervi  erigentes  be  divided,  there  is  no  effect  on 
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the  blood-vessels  of  the  penis  (§  362,  4) ;  but  if  their  peripheral  ends  be  stimulated 
with  Faradic  electricity,  the  sinuses  of  the  corpora  cavernosa  dilate,  become  filled 
with  blood,  and  erection  takes  place  436).  Other  examples  in  muscle  and  else- 
where are  referred  to  below.] 

Course  of  the  Vaso  dilator  Nerves.— To  some  organs  they  pass  as  special  nerves— to  other 
parts  of  the  body,  however,  they  proceed  along  with  the  vaso-inotor  and  other  nerves.  Accord- 
ing to  Dastre  and  Morat,  the  vaso-dilator  nerves  for  the  bucco-labial  region  (dog)  pass  out  from 
the  cord  by  the  1st  to  the  3rd  dorsal  nerves,  and  go  through  the  rami  communicantes  into  tlie 
sympathetic,  then  to  the  superior  cervical  ganglion,  and  lastly  through  the  carotid  and  inter- 
carotid  plexus  into  the  trigeminus.  [The  fibres  occur  in  the  posterior  segment  of  the  ring  of 
Vieussens,  and  if  they  be  stimulated  there  is  dilatation  of  the  vessels  in  the  lip  and  cheek  on 
that  side  (p.  62-4).]  The  maxillary  branch  of  the  trigeminus,  however,  also  contains  vaso- 
dilator fibres  proper  to  itself  [Laffonl).  In  the  grey  matter  of  the  cord,  there  is  a  special 
subordinate  centre  for  the  vaso-dilator  fibres  of  the  bucco-labial  region.  This  centre  may  be 
acted  on  reflexly  by  stimulation  of  the  vagus,  especially  its  pulmonary  branches,  and  even  by 
stimulating  the  sciatic  nerve.  The  ear  receives  its  nerves  from  the  1st  dorsal  and  lowest  cervical 
ganglion,  the  upper  limb  from  the  thoracic  portion,  and  the  lower  limb  from  the  abdominal 
portion  of  the  sympathetic.  The  vaso-dilator  fibres  run  to  the  sub-maxiUary  and  sub-lingual 
glands  in  the  chorda  tympani  (§  349,  4),  wliile  those  for  the  posterior  part  of  the  tongue  run 
in  the  glosso-pharyngeal  nerve  (§  351,  4 — Vulpian).  Perhaps  the  vagus  contains  those  for  the 
kidneys  (§  276).  Stimulation  of  the  nervi  erigentes  proceeding  from  the  sacral  plexus  causes 
dilatation  of  the  arteries  of  the  penis,  together  with  congestion  of  the  corpora  cavernosa  (§  436) 
{Eckhard,  Loven).  Eckhard  found  that  erection  of  the  penis  can  be  produced  by  stimulation  of 
the  spinal  cord  and  of  the  pons  as  far  as  the  peduncles,  which  may  explain  the  phenomenon  of 
priapism  in  connection  with  pathological  irritations  in  these  regions.  The  muscles  receive 
the  vaso-dilator  fibres  for  their  vessels  through  the  trunks  of  the  motor  nerves.  Stiiniilation 
of  a  victor  nerve  or  the  spinal  cord  causes  not  only  contraction  of  the  cori'esponding  muscles, 
but  also  dilatation  of  their  blood-vessels  (§  294,  II. — G.  Luchoig  and  Sczelkoiv,  Hafiz,  Gaskell)- — 
the  dilatation  of  the  vessels  taking  place  even  when  the  muscle  is  prevented  from  shortening. 
[Gaskell  observed  under  the  microscope,  the  dilatation  produced  by  stimulation  of  the  nerve  to 
the  mylohyoid  muscle  of  the  frog.]  The  vaso-dilators  remain  medullated  up  to  their  terminal 
ganglion  {Gaskell). 

The  vaso-dilators  (like  the  vaso-motors,  p.  676)  also  have  subordinate 
centres  in  the  spinal  cord ;  ejj.,  the  fibres  of  the  labio-buccal  region  at  the 
1st  to  3rd  dorsal  vertebra.'.  This  centre  may  be  influenced  reflexly  through  the 
pulmonary  fibres  of  the  vagus,  and  also  through  the  sciatic  {Laffont,  Smimoiv). 
According  to  Holtz,  a  similar  centre  lies  in  the  lowest  part  of  the  cord. 

Goltz  showed  that,  in  the  nerves  to  the  limbs  in  the  sciatic  nerve),  the  vaso-motor 
and  vaso-dilator  fibi'es  lie  side  by  side  in  the  same  nerve.  If  the  peripheral  end  of  this  nerve 
be  stimulated  immediately  after  it  is  divided,  the  action  of  the  vaso-constrictor  fibres  overcomes 
that  of  the  dilators.  If  the  peripheral  end  be  stimulated  4  to  6  days  after  the  section,  when  the 
vaso-constrictors  have  lost  their  excitability,  the  blood-vessels  dilate  under  the  action  of  the 
vaso-dilator  fibres.  Stimuli,  which  are  applied  at  long  intervals  to  the  nerve,  act  especially  on 
the  vaso-dilator  fibres ;  ivhile  tetanising  stimuli  act  on  the  vaso-motors.  The  latent  period  of 
the  vaso-dilators  is  longer,  and  they  are  more  easily  crhaiistcd  than  the  vaso-motors  [Bowditch,  and 
Warren).  The  sciatic  nerve  receives  both  kinds  of  fibres  from  the  sympathetic.  It  is  assumed 
that  the  peripheral  nervous  mechanisms  in  connection  with  the  blood-vessels  are  influenced  by 
both  kinds  of  vascular  nerves  ;  the  vaso-motors  (constrictors)  increase,  while  the  vaso-dilators 
diminish  the  activity  of  these  mechanisms  or  ganglia.  [It  is,  however,  possible  to  explain  their 
effects  by  suppo.sing  that  they  act  directly  upon  the  mu.scular  fibres  of  the  blood-vessels,  without 
the  intervention  of  any  nervous  ganglionic  structiues.] 

[Section  of  the  spinal  cord  high  up  in  the  neck  causes,  of  course,  a  great  fall  of  the  blood- 
pressure,  owing  to  the  division  of  the  vaso-motor  nerves.  In  the  dog  the  pressure  may  fall 
to  30-40  mm.  Hg.  After  isolation  of  the  cord,  in  rabbits  alone,  stimulation  of  the  central 
end  of  a  sensory  nerve  causes  a  rise  of  the  blood-pressure ;  in  dogs,  however,  under  the  same 
conditions,  the  'blood-pressure/«/Zs,  Dyspuceic  blood  also  causes  a  rise  of  the  blood-pressure, 
which  is  preceded  by  a  fall  (Ustimowitch).  This  reflex  fall  of  the  blood-pressure  takes  place 
after  section  of  the  splanchnics,  and  the  nerves  to  the  extremities,  but  it  does  not  take  place  if 
the  spinal  cord  be  divided  at  the  lumbar  or  lower  dorsal  region.  If  the  cord  be  divided  in  the 
lower  dorsal  region,  stimulation  of  the  brachial  plexus  has  no  eH"ect,  while  the  fall  occurs  after 
stimulation  of  the  central  end  of  the  sciatic.  These  experiments  indicate  that  the  vaso-dilator 
nerves  which  cause  the  fall  of  the  blood-pressure  arise  in  the  lower  part  of  the  spinal  cord 
(lumbar),  and  that  they  are  probably  contained  in  the  visceral  nerves  and  not  iu  those  for  the 
extremities  {Thayer  and  Pal).] 
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In  the  muscles  of  the  face,  paralysed  by  extirpation  of  the  facial  nerve,  stimula- 
tion of  the  ring  of  Vieussens  causes  pseudo-motor  contractions  of  these  muscles, 
just  as  stimulation  of  the  chorda  tympani  causes  such  contractions  in  the  paralysed 
tongue  (§  349,  4),  after  section  of  the  hypoglossal  nerve  {Eocjowicz). 

In  analysing  the  vascular  phenomena  resulting  from  experiments  on  these  nerves,  we  must 
be  very  careful  to  determine,  whether  the  dilatation  is  the  result  of  stimidation  of  the  vaso- 
dilators, or  a  consequence  of  paralysis  of  the  vaso-constrictors.  Psychical  conditions  act  upon 
the  vaso-dilator  nerves — the  blush  of  shame,  which  is  not  confined  to  the  face,  but  may  even 
extend  over  the  whole  skin,  is  probably  due  to  stimulation  of  the  vaso-dilator  centre. 

Influence  on  Temperature.  — The  vaso-dilator  nerves  obviously  have  a  considerable  influence 
on  the  temperature  of  the  body  and  on  the  heat  of  the  individual  parts  of  the  body.  Both 
vascular  centres  must  act  as  important  regulatory  mechanisms  for  the  radiation  of  heat  through 
the  cutaneous  vessels  (§  214,  11.).  Probably  they  are  kept  in  activity  rcflexly  by  sensory  nerves. 
Disturbances  in  their  function  may  lead  to  an  abnormal  accumulation  of  heat,  as  in  fever  (§  220), 
or  to  abnormal  cooling  (§  213,  7).  Some  observers,  however,  assume  the  existence  of  an  in- 
tracranial "  heat-regulating  centre  "  { Tschetschichin,  JVaunyn,  Quincke).  According  to  Wood, 
separation  of  the  medulla  oblongata  from  the  pons  causes  an  increased  radiation  and  a  diminished 
production  of  heat,  due  to  the  cutting  off  of  the  influences  from  the  heat-regulatiug  centre  {§  377). 

373.  SPASM-CENTRE  —  SWEAT-CENTRE.  —  Spasm-Centre.  —In  the 

medulla  oblongata,  just  where  it  joins  the  pons,  there  is  a  centre,  whose  stimulation 
causes  general  spasms.  The  centre  may  be  excited  by  suddenly  producing  a  highly 
venous  condition  of  the  blood  ("asphyxia  spasms'"),  in  cases  of  drowning  in 
mammals  (but  not  in  frogs),  sudden  anaemia  of  the  medulla  oblongata,  either  in 
consequence  of  hse-morrhage  or  ligature  of  both  carotids  and  subclavians  (Kzmmcml 
and  Tenner),  and  lastly,  by  sudden  venous  stagnation  caused  by  compressing  the  veins 
coming  from  the  head.  In  all  these  cases,  the  stimulation  of  the  centre  is  due  to 
the  sudden  interruption  of  the  normal  exchange  of  the  gases.  When  these  factors  act 
quite  gradually,  death  may  take  place  without  convulsions.  Direct  stimulation  by 
means  of  chemical  substances  (ammonia  carbonate,  potash,  and  soda  salts,  &c.)  applied 
to  the  medulla,  quickly  causes  general  convulsions  {Papellier).  Intense  direct 
mechanical  stimulation  of  the  medulla,  as  by  its  sudden  destruction,  causes  general 
convulsions. 

Position. — Nothnagel  attempted  by  direct  stimulation  to  map  out  the  position  of  the  spasm- 
centre  in  rabbits  ;  it  extends  from  the  area  above  the  ala  cinerea  upwards  to  the  corpora  quad- 
rigemina.  It  is  limited  externally  by  the  locus  cwruleus  and  the  tuberculum  acusticum.  In 
the  frog,  it  lies  in  the  lower  half  of  the  4th  ventricle  [Hcuhel).  The  centre  is  affected  in  exten- 
sive reflex  spasms  (§  364,  6),  e.g.,  in  poisoning  with  strychnin  and  in  hydrophobia. 

Poisons.— Many  inorganic  and  organic  poisons,  most  cardiac  poisons,  nicotin,  picrotoxin, 
ammonia  (§  277),  and  the  compounds  of  barium  cause  death  after  producing  convulsions,  by 
acting  on  the  spasm-centre  {Ruber,  HeiibcJ,  Bbhm). 

If  the  arteries  going  to  the  brain  be  ligatured  so  as  to  paralyse  the  medulla  oblongata,  then, 
on  ligaturing  the  abdominal  aorta,  spasms  of  the  lower  limbs  occur,  owing  to  the  anaemic 
stimulation  of  the  motor  ganglia  of  the  spinal  cord  [Sigm.  Mayer). 

Pathological— Epilepsy. — Schroeder  van  der  Kolk  found  the  blood-vessels  of  the  oblongata 
dilated  and  increased  in  cases  of  epilepsy.  Brown-Sequard  observed  that  injury  to  the  central 
or  peripheral  nervous  system  (spinal  cord,  oblongata,  peduncle,  corpora  quadrigemina,  sciatic 
nerve)  of  guinea-pigs  produced  epilepsy,  and  this  condition  even  became  herediiary.  Stimula- 
tion of  the  cheek  or  of  the  face  "  epileptic  zone,"  on  the  same  side  as  the  injury  (spinal  cord), 
caused  at  once  an  attack  of  epilepsy ;  but  when  the  peduncle  was  injured,  the  opposite  side 
jnust  be  stimulated.  Westphal  made  guinea-pigs  epileptic  by  repeated  light  blows  on  the  skull 
and  this  condition  also  became  hereditary.  In  these  cases,  there  was  eff  usion  of  blood  in  the 
medulla  oblongata  and  upper  part  of  the  spinal  cord  (§§  375  and  378,  I.).  Direct  stimulation 
of  the  cerebrum  also  produces  epileptic  convulsions.  Strong  electrical  stimulation  of  the  motor 
areas  of  the  cortex  cerebri  is  often  followed  by  an  epileptic  attack  (§  375).  [It  is  no  unfrequent 
occurrence  while  one  is  stimulating  the  motor  areas  of  the  cortex  cerebri  of  a  dof^,  to  find  the 
animal  exhibiting  symptoms  of  local  or  general  epilepsy.]  °' 

Sweat-Centre.— A  dominating  centre  for  the  secretion  of  the  sweat  of  the 
entire  surface  of  the  body  (§  289,  II.)— with  subordinate  spinal  centres  (§  362,  8)— 
occurs  in  the  medulla  oblongata  {Adamkiewicz,  Marme,  Naivrochi).    It  is  double 
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and  in  rare  cases  the  excitability  is  unequal  on  the  two  sides,  as  is  manifested  by 
unilateral  perspiration  (§  289,  2). 

Poisons.— Calabar  bean,  nicotin,  picrotoxin,  camphor,  and  ammonium  acetate,  cause  a 
secretion  of  sweat  by  acting  directly  on  the  sweat-centre.  IMuscarin  causes  local  stimulation  of 
the  peripheral  sweat-tibres— it  causes  sweating  of  the  hind  limbs  after  section  of  the  sciatic 
nerves.    Atropin  arrests  the  action  of  mu.scariii  [Ott,  Wood,  Field,  Natcrocki). 

[Regeneration  of  the  Spinal  Cord.— In  some  animal.s,  true  nervous  matter  is  reproduced  after 
part  of  the  spinal  cord  has  been  destroyed,  at  least  this  is  so  in  tritons  and  lizards  (//.  Muller). 
In  these  animals,  when  the  tail  is  removed,  it  is  reproduced,  and  Miiller  found  that  a  part  of 
the  spinal  cord  corresponding  to  the  new  part  of  the  tail  is  reproduced.  Moridiologically,  the 
elements  were  the  same,  but  the  spinal  nerves  were  not  reproduced,  while  physiologically,  the 
new  nerve  substance  was  not  functionally  active  ;  it  corresponds,  as  it  were,  to  a  lower  stage  of 
development.  According  to  Masius  and  Yanlair,  an  excised  portion  of  the  spinal  cord  of  a  frog 
is  reproduced  after  six  months  ;  while  Brown-Sequard  maintains  that  re-union  of  the  divided 
surfaces  of  the  cord  takes  place  in  pigeons  after  six  to  fifteen  months.  A  partial  re-union  is 
asserted  to  occur  in  dogs  by  Dentan,  Naunyn,  and  Eichhorst,  although  Schieferdecker  obtained 
only  negative  results,  the  divided  ends  being  united  only  by  connective-tissue  (Schivalbe).] 

374.  PSYCHICAL  FUNCTIONS  OF  THE  BRAIN.— The  hemispheres  of 
the  cerebrum  are  usually  said  to  be  the  seat  of  all  the  psi/chical  activities.  Only 
when  they  are  intact  are  the  processes  of  thinking,  feeling,  and  willing  possible. 
After  they  are  destroyed,  the  organism  comes  to  be  like  a  complicated  machine,  and 
its  whole  activity  is  only  the  expression  of  the  external  and  internal  stimuli  which 
act  upon  it.  The  psychical  activities  appear  to  be  located  in  both  hemispheres,  so 
that  after  destruction  of  a  considerable  part  of  one  of  them,  the  other  seems  to  act 
in  place  of  the  part  destroyed.  [Objection  has  been  taken  to  the  term  the  "seat 
of  "  the  will  and  intelligence,  and  undoubtedly  it  is  more  consistent  with  what  we 
know,  or  rather  do  not  know,  to  say,  that  the  existence  of  volition  and  intelligence 
is  dependent  on  the  connection  of  the  cerebral  cortex  with  the  rest  of  the  brain.] 

[That  a  certain  condition  of  the  cerebral  hemispheres  is  necessaiy  for  the  manifestation  of  the 
intellectual  faculties,  is  admitted  on  all  hands  ;  for,  compression  of  the  brain,  e.g. ,  by  a  depressed 
fracture  of  the  skull,  and  sudden  cessation  of  the  supply  of  blood  to  the  brain,  abolish  conscious- 
ness. The  intellectual  faculties  are  affected  by  inflammation  of  the  meninges  involving  the 
surface  of  the  brain,  the  action  of  drugs  affects  the  intellectual  and  other  faculties;  but  while 
all  this  is  admitted  we  cannot  say  precisely  upon  what  parts  of  the  brain  ideation  depends.  The 
pre-frontal  area,  or  the  convolutions  in  front  of  the  ascending  frontal  supplied  by  the  anterior 
cerebral  artery,  are  sometimes  regarded  as  the  anatomical  substratum  of  certain  mental  acts. 
At  anj'  rate,  electrical  stimulation  of  these  j)arts  is  not  followed  by  muscular  motion,  and, 
according  to  Ferrier,  if  this  region  be  extirpated  in  the  nionkej',  there  is  no  motor  or  sensory 
disturbance  in  this  animal  ;  it  still  exhibits  emotional  feeling,  all  its  special  senses  remain,  and 
the  j)ower  of  voluntary  motion  is  retained  ;  but,  nevertheless,  there  is  a  decided  alteration  in 
the  animal's  character  and  behaviour,  so  that  it  exhibits  considerable  psychological  alterations, 
and,  according  to  Ferrier,  "  it  has  lost  to  all  appearance  the  faculty  of  attention  and  intelligent 
observation. "] 

Observations  on  Man. — Cases  in  which  considerable  imilatcral  lesions  or  destruction  of  one 
hemisjihere  have  taken  place,  without  the  ])sychical  activities  appearing  to  suffer,  sometimes 
occur.  The  following  is  a  case  communicated  by  Longet : — A  boy,  16  years  of  age,  had  his 
parietal  bone  fractured  by  a  stone  falling  on  it,  so  that  ])art  of  the  protruding  brain-matter  had 
to  be  removed.  On  reapj^lying  the  bandages,  more  brain-matter  had  to  be  removed.  After  18 
days  he  fell  out  of  bed,  and  more  brain-matter  protruded,  which  was  removed.  On  the  35th 
day  he  got  intoxicated,  tore  off  the  bandages,  and  with  them  a  part  of  the  brain-matter.  After 
his  recovery,  the  boy  still  retained  his  intelligence,  but  he  was  hemiplegic.  Even  wiien  both 
hemispheres  are  moderately  destroyed,  the  intelligence  appears  to  be  intact  ;  thus.  Trousseau 
describes  the  case  of  an  officer  whose  fore-brain  was  pierced  transversely  by  a  bullet.  There 
was  scarcely  any  appearance  of  his  mental  or  bodily  faculties  being  affected.  In  other  cases, 
destruction  of  parts  of  the  brain  peculiarly  alters  the  character.  We  must  be  extremely  careful, 
however,  in  forming  conclusions  in  all  such  cases.  [In  the  celebrated  "American  crow-bar 
case  "  recorded  by  Bigelow,  a  young  man  was  hit  by  a  bar  of  iron  1^  inch  in  diameter,  which 
traversed  the  anterior  part  of  the  left  hemisphere,  going  clean  out  at  the  top  of  his  head.  This 
man  lived  for  thirteen  years  without  any  permanent  alterations  of  motor  or  sensory  functions  ; 
but  "the  man's  disposition  and  character  were  observed  to  have  undergone  a  serious  change. 
There  were,  however,  some  changes  which  might  be  referable  to  injury  to  the  frontal  region." 
In  all  cases  it  is  most  important  to  know  both  the  exact  site  and  the  extent  of  the  lesion.  Ross 
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points  out  tliat  the  characteristic  features  of  lesions  in  the  pre-frontal  cortical  region  aie 
affordud  l.v  "  psvcliieal  disturbances,  consisting  of  dementia,  apathy,  and  somno  ency.  J 

Imperfect  development  of  the  cerebrum.— Microcephalia  and  hydrocephalus  yield  eveij 
result  between  diminution  of  the  psychical  activities  and  idiocy.  Extensive  mfiammation, 
degeneration,  pressure,  ana'mia  of  the  blood-vessels,  and  the  actions  of  many  poisons  produce 
the  same  effect.  ,         .  i  • 

Flourens'  Doctrine.— Floureus  assumed  that  the  whole  of  the  cerebrum  is  concerned  in 
eveni  psychical  process.  From  his  experiments  on  pigeons,  he  concluded  tliat,  if  a  small  part 
of  the  hemispheres  remained  intact,  it  ivas  sufficient  for  the  manifestation  of  the  mental 
functions  ;  just  in  proportion  as  the  grey  matter  of  the  hemisiiheres  is  removed,  aU  tlie 
functions  of  the  cerebrum  are  enfeebled,  and  when  all  the  grey  matter  is  removed,  all  tlie 
functions  are  abolished.  According  to  this  view,  neither  the  diHerent  faculties  nor  the  ditterent 
perceptions  are  localised  in  special  areas.  Goltz  holds  a  somewhat  similar  view  to  that  ot. 
Flourens.  He  assumes  that  if  an  uninjured  part  of  the  cerebrum  remain,  it  can  to  a  certain 
extent  perform  the  functions  of  the  parts  that  have  been  removed.  This  Vulpian  has  called 
the  law  of  "  functional  substitution  "  (loi  de  suppleance). 

The  Phrenological  doctrine  of  Gall  (t  1828)  and  Spurzheim  assumes  that  the  ditlerent 
mental  faculties  are  located  in  different  parts  of  the  brain,  and  it  is  assumed  that  a  large 
development  of  a  particular  organ  may  be  detected  by  examining  the  external  configuration  ot 
the  head  (Cranioscopy). 

Removal  of  the  Cerebrum. — After  the  removal  of  both  cerebral  hemispheres, 
in  most  animals,  every  voluntary  movement  and  all  conscious  impression  and 
sensory  perception  entirely  cease.  On  the  other  hand,  the  whole  mechanical  niove- 
ments  and  the  maintenance  of  the  equilibrium  of  the  movements  are  retained. 
The  maintenance  of  the  equilibrium  depends  upon  the  mid-brain,  and  is  regu- 
lated by  important  reflex  channels  (§  379). 

Sudden  cessation  of  the  circulation  in  the  brain,  e.g.,  by  decapitation,  is  followed  at  once  by 
cessation  of  the  mental  faculties.  When  Hayem  and  Barrier  perfused  the  blood  of  a  horse 
through  the  carotids  of  a  decapitated  dog's  head,  the  head  showed  signs  of  consciousness,  and 
will  for  10  seconds,  but  not  longer. 

The  mid-brain  (corpora  quadrigemina)  is  connected  not  only  with  the  grey  matter 
of  the  spinal  cord  and  medulla  oblongata,  the  seat  of  extensive  reflex  mechanisms 
(§  367),  but  it  also  receives  fibres  coming  from  the  higher  organs  of  sense,  which 
also  excite  movements  reflexly.  The  corpora  quadrigemina  are  also  supposed  to 
contain  a  reflex  inhibitory  apparatus  (§  361,  2).  The  joint  action  of  all  these 
parts  makes  the  corpora  quadrigemina  one  of  the  most  important  organs  for  the 
harmonious  execution  of  movements,  and  this  even  in  a  higher  degree  than  the 
medulla  oblongata  itself  (Goltz).  Animals  with  their  corpora  quadrigemina  intact 
retain  the  equilibrium  of  their  bodies  under  the  most  varied  conditions,  but  they 
lose  this  power  as  soon  as  the  mid-brain  is  destroyed  (Goltz).  Christiani  locates  the 
co-ordinating  centre  for  the  change  of  place  and  the  maintenance  of  the  equilibrium, 
in  mammals,  in  front  of  the  inspiratory  centre  in  the  3rd  ventricle  (§  308). 

That  impressions  from  the  skin  and  sense-organs  are  concerned  in  the  maintenance  of  the 
equilibrium,  is  proved  by  the  following  facts  : — A  frog  without  its  cerebrum  at  once  loses  its 
power  of  balancing  itself  as  soon  as  the  skin  is  removed  from  its  hind  limbs.  The  action  of 
impressions  communicated  through  the  eyes  is  proved  by  the  difiiculty  or  impossibility  of 
maintaining  the  equilibrium  in  nystagmus  (§  350),  and  by  the  vertigo  which  often  accompanies 
paralysis  of  the  external  ocular  muscles.  In  persons  whose  cutaneous  sensibility  is  diminished, 
the  eyes  are  the  chief  organs  for  the  maintenance  of  the  equilibrium  ;  they  fall  over  when  the 
eyes  are  closed.    [This  is  well  illustrated  in  cases  of  locomotor  ataxia  (p.  647).] 

Frog. — A  frog  with  its  cerebrum  removed  retains  its  power  of  maintaining  its 
equilibrium.  It  can  sit,  spring,  or  execute  complicated  co-ordinated  movements 
when  appropriate  stimuli  are  applied  ;  when  placed  on  its  back,  it  immediately 
turns  into  its  normal  position  on  its  belly;  if  stimulated  it  gives  one  or  two 
springs,  and  then  comes  to  rest ;  when  thrown  into  water,  it  swims  to  the  margin 
of  the  vessel,  and  it  may  crawl  up  the  side,  and  sit  passive  upon  the  edge  of  the 
vessel.  When  incited  to  move,  it  exhibits  the  most  complete  harmony  and  unity 
in  all  its  movements.  Unless  it  is  stimulated,  it  never  makes  independent, 
voluntary,  purposive  movements.     It  sits  in  the  same  place  continually  as  if  in 
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sleep,  it  takes  no  food,  it  has  no  feelings  of  hunger  and  thirst,  it  shows  no  symptoms 
of  fear,  and  ultimately,  if  left  alone,"  it  becomes  desiccated  like  a  mummy  on  the 
spot  where  it  sits.  [If  the  flanks  of  such  a  frog  be  stroked,  it  croaks  with  the 
utmost  regularity  according  to  the  number  of  times  it  is  stroked.  Langendorff  has 
shown  that  a  frog  croaks  under  the  same  circumstances,  when  both  optic  nerves 
are  divided.  It  seems  to  be  influenced  by  light ;  for,  if  an  object  be  placed  in 
front  of  it  so  as  to  throw  a  strong  shadow,  then  on  stimulating  the  frog  it  will 
spring  not  against  the  object,  a,  but  in  the  direction,  h  (fig.  471).  Steiner  finds 
that  if  a  glass  plate  be  substituted 

/h 


for  an  opaque  object  like  a  book, 
the  frog  always  jumps  against  this 
obstacle.  Its  balancing  move- 
ments on  a  board  are  quite  re- 
markable and  acrobatic  in  charac- 
ter. If  it  be  placed  on  a  board, 
and  the  board  gently  inclined  (fig. 
472),  it  does  not  fall  off,  as  a  frog 
with  only  its  spinal  cord  will  do, 
but  as  the  board  is  inclined,  so  as 


a 

ir-  :  -"'Tl 

c  1 


471. 


Yisjr.  472. 


Fig.  471.— Frog  without  its  cerebrum  avoiding  an  ob- 
ject placed  in  its  path.  Fig.  472. — Frog  without  its 
cerebrum  moving  on  an  inclined  board  XGoUz). 

to  alter  the  animal's  centre  of  gravity,  it  slowly  crawls  up  the  board  until  its  equi- 
librium is  restored.    If  the  board  be  sloped  as  in  fig.  472,  it  will  crawl  up  until  it 
sits  on  the  edge,  and  if  the  board  be  still  further  tilted,  the  frog  will  move  as  indi- 
cated in  the  figure.    It  only  does  so,  however,  when  the  board  is  inclined,  and  it 
rests  as  soon  as  its  centre  of  gravity  is  restored.    It  responds  to  every  stimulus 
just  like  a  complex  machine,  answering  each  stimulus  with  an  appropriate  action.] 
A  pigeon  without  its  cerebral  hemispheres  behaves  in  a  similar  manner  (fig. 
473).    When  undisturbed  it  sits  continuously,  as  if  in  sleep,  but  when  stimulated, 
it  shows  complete  harmony  of  all  its 
movements ;  it  can  walk,  fly,  perch,  and 
balance  its  body.    The  sensory  nerves 
and  those  of  special  sensation  conduct 
impulses  to  the  brain  ;  they  only  dis- 
charge reflex  movements,  but  they  do 
not  excite  conscious  impressions.  Hence, 
the  bird  starts  when  a  pistol  is  fired  close 
to  its  ear ;  it  closes  its  eyes  when  it  is 
brought  near  a  flame,  and  the  pupils  con- 
tract;  it  turns  away  its  head  when  the 
vapour  of  ammonia  is  applied  to  its  nos- 
trils.   All  these  impressions  are  not  per-  Fig.  473. 
ceived  as  conscious  perceptions.      The  Pigeon  with  its  cerebral  hemispheres  removed, 
perceptive  faculties — the  will  and  memory — are  abolished  ;  the  animal  never  takes 
food  or  drinks  spontaneously.    But  if  food  be  placed  at  the  back  part  of  its  throat 
it  is  swallowed  [reflex  act],  and  in  this  way  the  animal  may  be  maintained  alive 
for  months  {Flotirens). 

Fish  appear  to  behave  differently.  A  carp  with  its  cerebrum  removed  (fig.  483, 
VI.  1)  can  see  and  may  even  select  its  food,  and  seems  to  execute  its  movements 
voluntarily  {Steiner,  Vuljnan). 

Mammals  (rabbit),  owing  to  the  great  loss  of  blood  consequent  on  removal  of  the 
cerebrum,  are  not  well  suited  for  experiments  of  this  kind.  Immediately  after  the 
operation  they  show  great  signs  of  muscular  weakness.  When  they  recover,  they 
present  the  same  general  phenomena ;  only  when  they  are  stimulated  they  run, 
as  it  were,  blindfold  against  an  obstacle.  Vulpian  observed  a  peculiar  shriek  or 
cry  which  such  a  rabbit  makes  under  the  circumstances.    Sometimes  even  in  man 
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a  peculiar  cry  is  emitted  in  some  cases  of  pressure  or  inflammation  rendering  the 
cerebral  hemispheres  inactive. 

Observations  on  somnambulists  show  that  in  man,  also,  complete  harmony 
of  all  movements  may  be  retained,  without  the  assistance  of  the  will  or  conscious 
impressions  and  perceptions.  As  a  matter  of  fact,  many  of  our  ordinary  movements 
are  accomplished  without  our  being  conscious  of  them.  They  take  place  under  the 
guidance  of  the  basal  ganglia. 

The  degree  of  intelligence  in  the  animal  kingdom  is  in  relation  to  the  size  of  the  cerebral 
hemispheres,  in  proportion  to  the  mass  of  the  other  pai-ts  of  the  central  nervous  system.  Taking 
the  brain  alone  into  consideration,  we  observe  that  those  animals  have  the  highest  intelligence 
in  which  the  cerebral  hemispheres  greatly  exceed  the  mid-brain  in  weight.  The  mid-brain  is 
represented  by  the  optic  lobes  in  the  lower  vertebrates,  and  by  the  corpora  quadrigemina 
in  the  higher  vertebrates.  In  fig.  483,  VI,  represents  the  brain  of  a  carp  ;  V,  of  a  frog  ; 
and  IV,  of  a  pigeon.  In  all  these  cases  1  indicates  the  cerebral  hemispheres  ;  2,  the  optic 
lobes  ;  3,  the  cerebellum  ;  and  4,  the  medulla  oblongata.  In  the  carp,  the  cerebral  hemi- 
spheres are  smaller  than  the  optic  lobes  ;  in  the  frog,  they  exceed  the  latter  in  size.  In 
the  pigeon,  the  cerebrum  begins  to  project  backward  over  the  cerebellum.  The  degree  of 
intelligence  increases  in  these  animals  in  this  proportion.  In  the  dog's  brain  (fig.  483,  II) 
the  hemispheres  completely  cover  the  corpoi'a  quadrigemina,  but  the  cerebellum  still  lies 
behind  the  cerebrum.  In  man  the  occipital  lobes  of  the  cerebrum  completely  overlap  the 
cerebellum  (lig.  479).  [The  projection  of  the  occipital  lobes  over  the  cerebellum  is  due  to  the 
development  of  the  frontal  lobes  pushing  backwards  the  convolutions  that  lie  behind  them, 
and  not  entirely  to  increased  development  of  the  occipital  lobes.] 

Meynert's  Theory. — According  to  Meynert,  we  may  represent  this  relation  in  another  way. 
As  is  known,  fibres  proceed  downwards  from  the  cerebral  hemispheres,  through  the  crusta  or 
basis  of  the  cerebral  peduncle.  These  fibres  are  separated  fi'om  the  ujiper  fibres  or  tegmentum 
of  the  peduncle  by  the  locus  uigcr,  the  tegmentum  being  connected  with  the  corpora  quadrige- 
mina and  the  optic  thalamus.  The  larger,  therefore,  the  cerebral  hemispheres,  the  more 
numerous  will  be  the  fibres  proceeding  from  it.  In  fig.  461,  II,  is  a  transverse  section  of  the 
posterior  corpora  quadrigemina,  with  the  aqueduct  of  Sylvius  and  both  cerebral  peduncles  of  an 
adult  man  ;  'p,  y,  is  the  crusta  of  each  peduncle,  and  above  it  lies  the  locus  niger,  s.  Fig.  461, 
IV,  shows  the  same  parts  in  a  monkey  ;  III,  in  a  dog  ;  and  V,  in  a  guinea-pig.  The  crusta 
diminishes  in  the  above  series.  There  is  a  corresponding  diminution  of  the  cerebral  hemi- 
spheres, and,  at  the  same  time,  in  the  intelligence  of  the  corresponding  animals. 

Sulci  and  Gyri. — The  degree  of  intelligence  also  depends  upon  the  number  and  depth  of  the 
convolutions.  In  the  lowest  vertebrates  (fish,  frog,  bird)  the  furrows  or  sulci  are  absent  (fig. 
461,  IV,  V,  VI)  ;  in  the  rabbit  there  are  two  shallow  furrows  on  each  side  (III).  The  dog  has 
a  completely  furrowed  cerebrum  (I,  II).  Most  remarkable  is  the  complexity  of  the  sulci  and 
convolutions  of  the  cerebrum  of  the  elephant,  one  of  the  most  intelligent  of  animals.  Never- 
theless, some  very  stupid  animals,  as  the  ox,  have  very  complex  convolutions. 

The  absolute  weight  of  the  brain  cannot  be  taken  as  a  guide  to  the  intelligence.  The 
elephant  has  absoliUely  the  heaviest  brain,  but  man  has  rdativchj  the  heaviest  brain.  [We 
ought  also  to  take  into  account  the  complexity  of  the  convolutions  and  the  depth  of  the  grey 
matter,  its  vascularity,  and  the  extent  of  anastomoses  between  its  nerve-cells.] 

Time  an  Element  in  all  Psychical  Processes.— Every  psychical  process  requires 
a  certain  time  for  its  occurrence — a  certain  time  always  elapses  between  the 
application  of  the  stimulus  and  the  conscious  reaction. 


Nature  of  Stimulus. 


Shock  on  left  hand. 
Shock  on  forehead. 
Shock  on  toe  of  left  foot. 
Sudden  noise,  .... 
Visual  impression  of  electric  spark. 
Hearing  a  sound, 

Current  to  tongue  causing  taste.  . 

Saline  taste,  .... 
Taste  of  sugar,  .... 

.,      acids,  .... 

,,  quinine, 


Reaction  Time. 


Name  of  Observer. 


•12 
•13 
•17 
•13 
•15 
•16 

•16 

•15 
•16 
•16 
•23 


Exner. 

Do. 

Do. 

Do. 

Do. 
Donders. 

V.  Vintschgau  and 
Honigschmied. 
Do. 
Do. 
Do. 
Do. 
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Reaction  Time.— This  time  is  kuowu  as  "  reaction,  time,"  and  is  distinctly  longer  than  the 
simple  reflex  time  required  for  a  reflex  act.  It  can  be  measured  by  causing  the  person  experi- 
mented on  to  indicate  by  means  of  an  electrical  signal  the  moment  when  the  stimuhisi  is 
applied.  The  reaction  time  consists  of  the  following  events: — (1)  The  duration  of  perception, 
i.e.,  when  we  become  conscious  of  the  impression  ;  (2)  the  duration  of  the  time  required  to 
direct  the  attention  to  the  impression,  i.e.,  the  duration  of  apperception  ;  and  (3)  the  duration  of 
the  voluntary  impulse,  together  with  (4)  the  time  required  for  conducting  the  impulse  in  the 
afferent  nerves  to  the  centre,  and  (5)  the  time  for  the  impulse  to  travel  outwards  in  the  motor 
nerves.  If  the  signal  be  made  with  the  hand,  then  the  reaction  time  for  the  impression  of 
sound  is  0-136  to  0-167  second  ;  for  taste,  0-15  to  0-23  ;  touch,  0-133  to  0"201  second  {Horsch, 
V.  Vintscligau  and  Honicjschmied);  for  olfactory  impressions,  which,  of  course,  depend  upon 
many  conditions  (the  phase  of  respiration,  current  of  air),  0-2  to  0-5  second.  Intense  stimula- 
tion, increased  attention,  practice,  expectation,  and  knowledge  of  the  kind  of  stimulus  to  be 
applied,  all  diminish  the  time.  Tactile  impressions  are  most  rapidly  perceived  when  they  are 
applied  to  the  most  sensitive  parts  {v.  Vintschyau).  The  time  is  increased  with  very  strong 
stimuli,  and  when  objects  difficult  to  be  distinguished  are  applied  [v.  HelmhoUz  and  Baxt). 
The  time  required  to  direct  the  attention  to  a  number  consisting  of  1  to  3  figures,  Tigerstedt 
and  Bergquist  found  to  be  0-015  to  0-035  second.  Alcohol  and  the  ani>;sthetics  alter  the  time  ; 
according  to  their  degree  of  action  they  shorten  or  lengthen  it  {Kraplin).  In  order  that  two 
shocks  applied  after  each  other  be  distinguished  as  two  distinct  impressions,  a  certain  interval 
must  elapse  between  the  two  shocks — for  the  ear,  0-002  to  0-0075  second  ;  for  the  eye,  0-044  to 
0-47  second  ;  for  the  linger,  0-277  second. 

[The  Dilemma. — When  a  person  is  experimented  on,  and  he  is  not  told  whether  the  right  or 
left  side  is  to  be  stimulated,  or  what  coloured  disc  may  be  presented  to  the  eye,  then  the  time 
to  respond  correctly  is  longer.] 

[Drugs  and  other  conditions  attect  the  reaction  time.  Ether  and  chloroform  lengthen  it, 
while  alcohol  does  the  same,  but  the  person  imagines  he  really  reacts  quicker.  Noises  also 
lengthen  it] 

In  sleep  and  waking,  we  observe  the  periodicity  of  the  active  and  passive  conditions  of  the 
brain.  During  sleep,  there  is  diminished  excitability  of  the  whole  nervous  system,  which  is 
only  partly  due  to  the  fatigue  of  afferent  nerves,  but  is  largely  due  to  the  condition  of  the 
central  nervous  system.  During  sleep,  we  require  to  apply  strong  stimuli  to  produce  reflex  acts. 
In  the  deepest  sleep  the  psychical  or  mental  processes  seem  to  be  completely  in  abeyance,  so 
that  a  person  asleep  might  be  compared  to  an  animal  with  its  cerebral  hemispheres  removed. 
Towards  the  approach  of  the  period  when  a  person  is  about  to  waken,  psychical  activity 
may  manifest  itself  in  the  form  of  dreams,  which  differ,  however,  from  normal  mental 
processes.  They  consist  either  of  impressions,  where  there  is  no  objective  cause  (hallucinations), 
or  of  voluntary  im.pulses  which  are  not  executed,  or  trains  of  thought  where  the  reasoning  and 
judging  powers  are  disturbed.  Often,  especially  near  the  time  of  waking,  the  actual  stimuli 
may  so  act  as  to  give  rise  to  impressions  which  become  mixed  w'ith  the  thoughts  of  a  dream. 
The  diminished  activity  of  the  heart  (§  70,  3,  c),  the  respiration  (§  127,  4),  the  gastric  and 
intestinal  movements  (§  213,  4),  the  formation  of  heat  (§  216,  4),  and  the  secretions,  point  to 
a  diminished  excitability  of  the  corresponding  nerve-centres,  and  the  diminished  reflex  excita- 
bility to  a  corresponding  condition  of  the  spinal  cord.  The  pupils  are  contracted  during  sleep, 
the  deeper  the  latter  is ;  so  that  in  the  deepest  sleep  they  do  not  become  contracted  on  the 
application  of  light.  The  pupils  dilate  when  sensory  or  auditory  stimuli  are  applied,  and  the 
lighter  the  sleep,  the  more  is  this  the  case;  they  are  widest  at  the  moment  of  awaking  (PZoi/i:6'). 
[Hughlings  Jackson  finds  that  the  retina  is  more  an:emic  than  in  the  waking  state.]  During 
sleep,  there  seems  to  be  a  condition  of  increased  action  of  certain  sphincter  muscles — those  for 
contracting  the  pupil  and  closing  the  eyelids  {lioscnbach).  The  soundness  of  the  sleep  may  be 
determined  by  the  intensity  of  the  sound  required  to  waken  a  person.  Kohlschiitter  found  that 
at  first  sleep  deeoens  very  quickly,  then  more  slowly,  and  the  jnaximum  is  reached  after  one 
hour  (according  to  Monninghoft' and  Priesbergen  after  If  hour)  ;  it  then  rapidly  lightens,  until 
several  hours  before  waking  it  is  very  light.  External  or  internal  stinnili  may  suddenly  diminish 
the  depth  of  the  sleep,  but  this  may  be  followed  again  by  deep  sleep.  The  deeper  the  sleep,_ 
the  lono-er  it  lasts.  [Durham  asserts  that  the  brain  is  anemic,  that  the  arteries  and  veins  of 
the  pia^mater  are  contracted  during  sleep  and  the  brain  smaller  ;  but  is  this  cause  or  efl'ect  ?] 

The  cause  of  sleep  is  the  using  up  of  the  potential  energy,  especially  in  the  central  nervous 
system,  which  renders  a  restitution  of  energy  necessary.  Perhaps  the  accumulation  of  the  de- 
composition-products of  the  nervous  activity  may  also  act  as  producers  of  sleep  ('?  lactates— 
Preyer).  Sleep  cannot  be  kept  up  for  above  a  certain  time,  nor  can  it  be  interrupted  voluntarily. 
Many  narcotics  rapidlv  produce  sleep.  [The  "diastolic  phase  of  cerebral  activity,"  as  sleep  has 
been  called,  is  largely  "dependent  on  the  absence  of  stimuli.  We  nmst  suppose  that  there  are 
two  factors'  one  central,  represented  by  the  excitability  of  the  cerebrum,  which  will  vary  under 
different  conditions,  and  the  other  external,  represented  by  the  impulses  reaching  the  cerebrum 
throuo-h  the  difi"erent  sense-organs.  We  know  that  a  tendency  to  sleep  is  favoured  by  removal 
of  external  stimuli,  by  shutting  the  eyes,  retiring  to  a  quiet  place,  &c.    The  external  sensory 
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impressions,  indeeil,  influence  the  whole  metabolism.  Stmmpell  describes  the  case  of  a  boy 
whose  sensory  inlets  were  all  paralysed  except  one  eye  and  one  ear,  and  when  these  inlets  were 
closed  the  boy  fell  asleep,  showing  how  intimately  the  waking  condition  is  bound  up  with 
sensory  afferent  impulses  reaching  the  cerebral  centres.] 

[Hypnotics,  sucli  as  opium,  morphia,  KBr,  chloral,  are  drugs  which  induce  sleep.] 

Hypnotism,  or  Animal  Magnetism.— [Most  important  observations  on  this  subject  were  made 
by  Braid  of  Manchester,  whose  results  are  confirmed  by  many  of  the  recent  re-discoveries  of 
Weinhold,  Heidenhain,  and  others.]  Heidenhain  assumes  that  the  cause  of  this  condition  is 
due  to  an  inhibition  of  the  ganglionic  cells  of  the  cerebrum,  produced  by  continuous  feeble 
stimulation  of  the  face  (slightly  stroking  the  skin  or  electrical  applications),  or  of  the  optic 
nerve  (as  by  gazing  steadily  at  a  small  brilliant  object),  or  of  the  auditory  nerve  (by  uniform 
sounds)  ;  while  sudden  and  strong  stimulation  of  the  same  nei-ves,  especially  blowing  upon  the 
face,  abolishes  the  condition.  Berger  attributes  great  importance  [as  did  Carpenter  and  Braid 
long  ago]  to  the  psychological  factor,  whereby  the  attention  was  directed  to  a  particular  part  of 
the  body.  The  facility  with  which  different  persons  become  hypnotic  varies  very  greatly. 
"When  the  hypnotic  condition  has  been  produced  a  number  of  times,  its  subsequent  occurrence 
is  facilitated,  e.g.,  by  merely  pressing  upon  the  brow,  by  placing  the  body  passively  in  a  certain 
position,  or  by  stroking  the  skin.  In  some  people  the  mere  idea  of  the  condition  suflices.  A 
hypnotised  person  is  no  longer  able  to  open  his  eyelids  when  they  are  ]iressed  together.  This 
is  followed  by  spasm  of  the  apparatus  for  accommodation  in  the  eye,  the  range  of  accommodation 
is  diminished,  and  there  may  be  deviation  of  the  position  of  the  eyeballs  ;  then  follow  jihenomena 
of  stimulation  of  the  sympathetic  in  tlie  oblongata;  dilatation  of  the  fissure  of  the  eyelids  and 
the  pupil,  exophthalmos,  and  increase  of  the  respiration  and  pulse.  At  a  certain  stage,  there 
may  be  a  great  increase  in  the  sensitiveness  of  the  functions  of  the  sense-organs,  and  also  of  the 
muscular  sensibility.  Afterwards  there  may  be  analgesia  of  the  part  stroked,  and  loss  of  taste ; 
the  sense  of  temperature  is  lost  less  readily,  and  still  later  that  of  sight,  of  smell,  and  of  hearing. 
Owing  to  the  abolition  or  suspension  of  consciousness,  stimuli  applied  to  the  sense-organs  do 
not  produce  conscious  impressions  or  perceptions.  But  stimuli  applied  to  the  sense-organs  of  a 
hypnotised  person  cause  movements,  which,  however,  are  unconscious,  although  they  simulate 
voluntary  acts.  In  persons  with  greatly  increased  reflex  excitability,  voluntary  movements 
may  excite  reflex  spasms;  the  person  may  be  unable  to  co-ordinate  his  organs  for  speech. 

Types. — According  to  Griitzner,  there  are  several  forms  of  hypnotism  : — (1)  Passive  sleep, 
where  words  are  still  understood,  which  occurs  especially  in  girls  ;  (2)  owing  to  the  increased 
reflex  excitability  of  the  striped  muscles,  certain  (jroups  of  muscles  may  be  contracted — a  condi- 
tion which  may  last  for  days,  especially  in  strong  people  ;  at  the  same  time  ataxia  maj'  occur, 
and  the  muscles  may  ffiil  to  perform  their  functions  (artificial  katalepsy).  During  the  stage  oif 
lethargy  in  hysterical  persons,  the  tendon  reflexes  are  often  absent  {C'harcol  and  Riclier)  ;  (3) 
autonomy  o.t  call,  i.e.,  the  hypnotised  person — in  most  cases  the  consciousness  is  still  retained — 
obeys  a  command,  in  his  condition  of  light  sleep.  When  the  hand  is  grasped  or  the  head  stroked, 
he  executes  involuntary  movements — runs  about,  dances,  rides  on  a  stool,  and  the  like;  (4) 
hallucinations  occur  only  in  some  individuals  when  they  waken  from  a  deep  sleep,  the  hallucina- 
tions (usually  consisting  of  the  sensation  of  sparks  of  Are  or  odours)  being  very  strong  and  well- 
])ronounced;  (5)  imitation  is  rare,  ordinary  movements,  such  as  walking,  are  easily  imitated, 
the  finer  movements  occur  rarely.  The  "echo-speech"  is  produced  by  pressure  upon  the  neck, 
speaking  into  the  throat,  or  against  the  abdomen.  Pressure  over  the  right  eyebrow  often  ushers 
in  the  speech.  Colour-sensation  is  suspended  by  placing  the  Marm  hand  on  the  eye,  or  by 
stroking  the  opposite  side  of  the  head  {Cohn).  Stroking  the  limbs  in  the  reverse  direction 
gradually  removes  the  rigidity  of  the  limbs  and  causes  the'person  to  waken.  Blowing  on  a  part 
does  so  at  once.  Insane  persons  can  be  hypnotised.  Disagreeable  results  follow  only  when  the 
condition  is  induced  too  often  and  too  continuously. 

Hypnotism  in  Animals. — A  hen  remains  in  a  fixed  position  when  an  object  is  suddenly  placed 
before  its  eyes,  or  when  a  straw  is  placed  over  its  beak,  or  when  the  head  of  the  animal  is  pressed 
on  the  ground  and  a  chalk  line  made  before  its  beak  (Kircher's  experimentum  niirabile,  1644). 
[Langley  has  hypnotised  a  crocodile.]  Birds,  rabbits,  and  frogs  remain  jiassive  for  a  time  after 
they  have  been  gently  stroked  on  the  back.    Crayfish  stand  on  their  head  and  claws  {Czcrmak). 

375.  STRUCTURE  OF  THE  CEREBRUM— MOTOR  CORTICAL  CENTRES. —[Cerebral  Con- 
volution. — A  vertical  section  of  a  cerebral  convolution  consists  of  a  thin  layer  of  grey  matter 
externally  enclosing  a  white  core  (fig.  478).  The  cortex  consists  of  cells  and  fibres  embedded 
in  a  matrix,  and  to  the  nerve-cells  nerve-fibres  proceed  from  the  white  matter.  The  nerve-cells 
of  the  cortex  vary  in  size,  form,  and  distribution  in  the  different  layers  and  also  in  different 
convolutions.  Taking  such  a  convolution  as  the  ascending  frontal  or  motor-area  type,  we  get 
the  appearances  shown  in  fig.  474.  It  is  covered  on  its  surface  by  the  pia  mater.  (1)  The 
inost  suj)erjkial  layer  is  narrow,  and  consists  of  much  neuroglia,  a  network  of  branched  nerve- 
fibrils,  a  few  scattered  small  multipolar  nerve-cells,  and  a  layer  of  very  small  medullated  nerve- 
fibres  ;  (2)  a  layer  of  close-set  small,  angular,  or  short  injramiclal  nerve-cells  ;  (3)  the  thickest 
layer  or  formation  of  the  cornu  ammonis,  consisting  of  many  layers  of  larger  injramiclal  cells 
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Fig.  474. 

Cortex  of  motor  area 
of  brain  of  monkey 
( X  150).  1,  super- 
ficial layer ;  2,  small 
angular  cells  ;  3,  py- 
ramidal cells  ;  4,  gan- 
glionic cells  and  cell- 
clusters  ;  5,  fusiform 
cells  {Ferricr,  after  Bevan 
Lewis). 


which  arc  larger  in  the  deeper  than  in 
the  more  superficial  layers.  They  are 
not  so  closely  packed  together,  as  many 
granules  lie  between  them.  At  the 
lowest  part  of  this  layer,  the  cells  are 
larger  than  elsewhere,  presenting  some 
resemblance  to  the  cells  of  tlie  anterior 
cornu  of  the  grey  matter  of  the  spinal 
cord.  By  some  it  is  described  as  a 
special  layer,  and  termed  the  ganglion- 
cell  layer.  This  layer  is  specially  well 
marked  in  those  convolutions  which 
are  described  as  containing  motor 
centres.  Amongst  the  large  cells  are  a 
few  small  angular-looking  cells,  which 
become  more  numerous  lower  down, 
and  from  (4)  a  narrow  layer  of  numer- 
ous small,  branched,  irregular,  gangli- 
onic cells — the  granular  formation" 
of  Meynert.  In  the  motor  areas  mixed 
with  these  are  large  pyramidal  cells, 
disposed  in  groups  called  "cell-clus- 
ters." (5)  A  layer  of  spindle-shaped 
fusiform  branched  cells — the  claustral 
formation  of  Meynert — lying  for  the 
most  part  parallel  to  the  surface  of  the 
convolution.  No  layer  is  composed 
exclusively  of  one  form  of  cell.  The 
above  represents  the  motor  type.  Then 
follows  the  ^vhite  matter  {m),  consisting 
of  medullated  nerve-fibres,  which  run 
in  groups  into  the  grey  matter,  where 
they  lose  their  myelin.  The  fibres  are 
somewhat  smaller  than  in  the  other 
parts  of  the  nervous  sj'stem  (diameter 
xoVu  inch),  and  between  them  lie  a  few 
nuclear  elements.] 

[In  the  sensory  type,  as  in  the  occi- 
pital lobe  (fig.  475),  the  first  and  second 
layers  are  not  unlike  the  correspondiug 
layers  in  the  motor  type,  and  the  fusi- 
form cells  in  the  seventh  layer  also 
resemble  the  latter.  The  layer  of  ]ij  ra- 
midal  cells  (3)  is  not  so  large,  while  its 
deeper  part,  sometimes  called  the  "gan- 
glion-cell layer,"  contains  no  large 
cells.  (5)  Between  the  two  is  (4)  a 
layer  with  numerous  angular  granule- 
like  bodies  or  cells,  called  the  "  granule- 
layer.  "] 

[The  hippocampus  major  contains, 
besides  a  layer  of  neuroglia  and  some 
white  matter  on  the  surface,  a  regular 
series  of  pyramidal  cells,  which  give  it 
a  characteristic  appearance.  This  is  the 
part  which  varies  most.  It  is  to  be  re- 
membered that  the  transition  i'rom  one 
type  to  the  other  takes  i)Iace  gradually.  ] 

[Pyramidal  Cells  of  the  Cortex.— 
Each  cell  is  more  or  less  pyramidal  in 
shape,  giving  ofi"  several  processes — {a) 
an  apical  process,  which  is  often  very 
long,  and  runs  towards  the  surface  of 
the  cerebrum,  where  it  is  said  to  ter- 
minate in  an  ovoid  corpuscle,  closely 
resembling  those  in  which  the  ultimate 
branches  of  Purkinje's  cells  of  the  cere- 
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Fig.  475. 

Cortex  of  occipital  lobe.  1, 
superficial  layer ;  2,  small 
angular  cells  ;  3,  5,  pyra- 
midal cells ;  4,  granule 
layer ;  6,  granules  and 
ganglionic  layer  ;  7, 
spindle-cells  {Ferricr, 
after  Bevan.  Lcicis). 
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bellum  end  ;  (b)  the  unbiauched  median  basilar  process  which  is  an  axial  ^'l"^^^^^:  P^^,";?^;' 

•  ■    '         '        ^  — '  -   fibre  of  the  white  matter.    It  ultiraatelj 

off  chiefly  near  the  base  of 


becomes  continuous  with  the  axial  cylinder  of  a  nerve 


becomes  invested  by  myelin. 

a 


Fig.  476. 

Perivascular  and  pericellular 
l3'mph-spaces.  a,  capillary 
with  a  lymph-space  communi- 
.catinc;  with  the  pericellular 


(f)  The  lateral  processes  are  given 
tlie  cell,  and  they  soon  branch  to 
form  part  of  the  ground  plexus  of 
fibrils  which  everywhere  pervades 
the  grey  matter.  ] 

Each  cell  is  surrounded  by  a 
lymph-space,  and  so  are  the  blood- 
vessels, in  the  latter  case  forming 
perivascnlau  space,  which  coin- 
nuiuicates  with  the  pericellular 
lymph-space,  as  iu  fig.  476. 

[Nerve-fibres  in  the  Cortex.— 
The  ordinary  methods  of  hardening 
the  brain  do  not  enable  us  to  detect 
the  enormous  number  of  medul- 
lated  nerve-fibres  in  the  grey 
matter.    By  using  Exner's  osmic 

 ^   ^    'it^i*!  method,  or  AVeigert's  or  Pal's 

lymph-space  &,"round  the  ceil  method,  we  obtain  such  a  result 
a  lymph-space  c,  containing  as  is  shown  in  fig  477.  Under  the 
two  lymph-corpuscles,  x  150.  pia  (P)  is  a  layer  of  connective- 
tissue  (a)  devoid  ot  nerve-fibres. 
Beneath  it  is  a  layer  (b)  occupying  about  the  half  of  the  outer 
layer,  which  is  almost  entirely  taken  up  by  medullated  nerve-fibres ; 
most  of  these  are  fine,  but  a  few  of  them  are  coarse,  and  run  parallel 
to  the  surface  and  tangential  to  the  arc  of  the  outer  contour  of  the 
convolution.  Internal  to  this  is  a  layer  of  medullated  fibres  (c), 
which  cross  each  other  in  various  directions  ;  while  a  similar  net- 
work (d)  occurs  in  the  small-celled  layer.  (2)  In  the  layer  of  large 
pyramidal  cells  (3)  there  are  bundles  of  medullated  fibres,  running 
radially  (e) ;  but  at  the  lower  part  of  this  layer  there  is  a  very  dense 
network  (/),  forming  (in  a  Weigert's  preparation)  a  dense,  dark 
band,  corresponding  to  the  outer  layer  of  Baillanger.  In  the  layers 
marked  (g  and  7i),  which  are  partly  in  the  third  and  partly  in  the 
fourth  cortical  layer,  the  radial  arrangement  is  more  marked  and 
more  compact,  and  the  thick  fibres  are  more  numerous.  In  the 
middle  is  (A)  a  narrow  dense  network  corresponding  to  Baillanger's 
inner  layer.  The  lower  part  of  the  fourth  layer,  and  the  whole  of 
the  fifth,  are  occupied  by  i.  It  is  to  be  remembered,  that  all  the 
convolutions  do  not  present  exactly  the  same  structure  and  arrange- 
ment {Obcrstcimr).] 

[Variations. — The  grey  matter  difi'ers  in  diff'erent  i)arts  of  the 
brain.  In  the  grey  matter  of  the  cornu  ammonis,  the  large  pyra- 
midal cells  of  (3)  make  up  the  chief  mass ;  in  the  claustrum  (4)  is 
most  abundant.  In  the  central  convolutions  (ascending  frontal 
and  parietal),  according  to  Betz,  Mierzejewski,  and  Bevan  Lewis, 
very  large  pyramidal  cells  are  found  in  the  lower  part  of  the  third 
layer.  Similar  cells  have  been  found  in  the  posterior  extremities 
of  the  frontal  convolutions  in  some  animals — the  posterior  parietal 
lobule,  and  para-central  lobule,  all  of  which  have  motor  functions. 
In  those  convolutions  which  are  regarded  as  subserving  sensory 
functions,  a  somewhat  difi'erent  ty))e  prevails,  e.g.,  the  occipital 
gyri  or  annectant  convolution  {B.  Lcivis).  The  very  large  pyramidal  cells  are  absent,  while 
the  grannie  layer  exists  as  a  well-marked  layer  between  the  layer  of  large  pyramidal  cells  and  the 
ganglion  cell-layer  (fig.  475).] 

[Fuchs  finds  that  there  are  no  medullated  fibres  either  in  the  cortex  or  medulla  until  the  end 
of  the  first  month  of  life.  The  medullated  fibres  appear  in  the  uppermost  layer  at  the  fifth 
month,  and  in  the  second  at  the  end  of  the  first  year,  the  radial  bundles  in  the  deeper  layers  at 
the  second  month.  The  medullated  fibres  increase  until  the  seventh  or  eighth  year,  when  they 
have  the  same  arrangement  as  in  the  adult.] 

[Blood-Vessels. —The  adventitia  of  the  small  cerebral  vessels  contains  pigment  and  granular 
cells,  filled  with  oil-granules.  In  the  new-born  child,  the  blood-vessels  of  the  brain  are  beset 
with  cells,  filled  with  fatty  granules.  Perhaps  the  granules  supply  part  of  the  material  for  the 
formation  of  the  myelin  sheath  on  the  nerve-fibres.  About  the  fifth  year,  the  fat  is  replaced 
by  a  yellow  pigment.    In  adults,  yellow  or  brown  glancing  pigment-granules  are  found  in  the 


Vertical  section  of  a  frontal 
convolution  (Weigert's 
method)  x  50.  P,  pia 
mater ;  1-5,  five  layers  of 
jMeynert ;  a,  superficial 
layer  of  connective-tis- 
sue ;  h,  i,  successive  layers 
of  medullated  nerve- 
fibres  :  l\  white  matter. 
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advcntitia  of  the  arteries.  In  the  ailveutitia  of  the  veins  there  is  no  pigment,  hut  generally 
some  fat.  The  grey  matter  is  much  more  vascular  than  the  white,  and  when  injected,  a 
section  of  a  convolution  presents  the  appearance  shown  in  tig.  478,  The  nutritive  arteries 
consist  of— (a)  the  long  medullary  arteries  (1)  which  pass  from  the  pia  mater  through  the  grey 
matter  into  the  central  white  matter  or  centrum  ovale.  They  arc  terminal  arteries,  and  do  not 
communicate  with  each  other  in  their  course  ;  thus,  they  supply  independent  vascular  areas ; 
nor  do  they  anastomose  with  any  of  the  arteries  derived  from  the  ganglionic  system  of  blood- 
vessels ;  12.  to  15  of  them  are  seen  in  a  section  of  a  convolution,  {b)  The  short  cortical  nutritive 
arteries  (2)  are  smaller  and  shorter  than  the  foregoing.  Although  some  of  them  enter  the 
white  matter,  they  chiefly  supply  the  cortex,  where  they  form  an  open  meshed  plexus  in  the  first 
layer  («),  while  in  the  next  layer  (b)  the  plexus  of  capillaries  is  dense,  the  plexus  again  being 
wider  in  the  inner  layers  (c).] 

[Central  or  Ganglionic  Arteries. — From  the  trunks  constituting  the  circle  of  Willis  (fig.  in 
§  381 ),  branches  are  given  off,  which  pass  upwards  and  enter  the  brain  to  supply  the  basal  ganglia 
with  blood.  They  are  arranged  in 
several  groups,  but  they  are  all  ter- 
minal, each  one  supplying  its  own 
area,  nor  do  they  anastomose  with 
the  arteries  of  the  cortex.] 

Cerebral  Arteries. — From  a  prac- 
tical point  of  view,  the  distribution 
of  the  blood-vessels  of  the  brain  is 
important.  The  artery  of  the  Syl- 
vian fissure  supplies  the  motor  areas 
of  the  brain  in  animals  ;  in  man, 
the  precentral  lobule  is  supplied  by 
a  branch  of  the  anterior  cerebral 
artery  [Ditret).  The  region  of  the 
third  left  frontal  convolution,  which 
is  connected  with  the  function  of 
speech,  is  supplied  by  a  special 
branch  of  the  Sylvian  artery.  Those 
areas  of  the  frontal  lobes  whose  in- 
jury results  in  disturbance  of  the 
intelligence,  are  supplied  by  the 
anterior  cerebral  artery.  Those 
regions  of  the  cortex  cerebri,  whose 
injury,  according  to  Ferrier,  causes 
hemianresthesia,  are  supplied  by  the 
posterior  cerebral  artery. 

[In  connection  with  the  localisa- 
tion of  the  centres  in  the  cortex,  it 
is  important  to  be  thoroughly  ac- 
quainted with  the  arrangement  of 
tne  cerebral  convolutions.  Each 
half  of  the  outer  cerebral  surface  is 
divided  by  certain  fissiires  into  five 
lobes — frontal,  parietal,  occipital, 
temporo-sphenoidal,  and  central, 
or  island  of  Reil  (fig.  481).  The 
frontal  lobe  (fig.  479)  consists  of  three  convolutions,  with  numerous  secondary  folds  running 
nearly  horizontal,  named  superior  (FJ,  middle  (F.j),  and  inferior  (F.,)  frontal  convolutions. 
Behind  these  is  a  large  convolution,  the  ascending  frontal  (A),  which  ascends  almost  vertically, 
immediately  behind  these — separated  from  them,  however,  by  the  prrecentral  fissure  (/j),  and 
mapped  off  behind  by  the  fissure  of  Rolando,  or  the  central  sulcus  (c).] 

[The  parietal  lobe  (fig.  479,  P)  is  limited  in  front  by  the  fissure  of  Rolando,  below  in  part  by 
the  Sylvian  fissure,  and  behind  by  the  pnrieto-occipital  fissiire.  It  consists  of  the  ascending 
parietal  (posterior  central)  convolution  (fig.  479,  B),  which  ascends  just  behind  the  fissure  of 
Rolando,  and  parallel  to  the  ascending  frontal,  with  which  it  is  continuous  below  ;  above,  it 
becomes  continuous  with  the  superior  parietal  lobule  (Pj),  while  the  latter  is  separated  from  the 
inferior  parietal  lobule  {''pli  coicrbe")  by  the  interparietal  sulcus.  The  inferior  parietal  lobule 
consists  of  {a)  a  part  arching  over  the  upper  end  of  the  Sylvian  fissure,  the  supra-marginal 
convolution  (Pg),  which  is  continuous  with  the  superior  temporo-sphenoidal  convolution. 
Behind  is  (b)  the  angular  gyrus  (Pg'),  which  arches  round  the  posterior  end  of  the  parallel 
lissure,  and  becomes  connected  with  the  middle  temporo-sphenoidal  convolution.] 

[The  temporo-sphenoidal  or  temporal  lobe  (fig.  479,  T)  consists  of  three  horizontal  couvolu- 

2  X 


medullary  arteries  ;  and  1',  1',  in  groups  between  the 
convolutions  ;  2,  2,  arteries  of  the  cortex  cerebri  ;  a,  large 
meshed  plexus  in  first  layer  ;  b,  closer  plexus  in  middle 
layer ;  c,  opener  plexus  in  the  grey  matter  next  the  white 
substance,  with  its  vessels  {d). 
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tions— superior  middle,  and  inferior— tlie  two  former  being  separated  by  the  parallel  sulcus, 
while  tlie  whole  lobe  is  mapped  off  from  the  frontal  by  the  Sylvian  fissure  (S).] 

The  occipital  lobe  (fig.  479,  0)  is  small,  forms  the  rounded  posterior  end  of  the  cerebnim 
and  is  sei-aratcd  from  the  parietal  lobe  by  the  parieto-occipital  fissure,  which  fissure  is  bridged 
over  at  the  lower  part  by  the  four  annectant  gyri  {plis  dc  passage  of  Gratiolet).    It  has  three 
convolutions-superior  (b,),  middle  (0,),  and  inferior  (0,)— on  its  outer  surface.] 

FThe  central  lobe  or  island  of  Reil,  consists  of  five  or  six  short,  straight  convolutions  (gyri 
operti— fi".  481),  radiating  outwards  and  backwards  from  near  the  anterior  perforated  spot, 
and  can  "only  be  seen  when  the  margins  of  the  Sylvian  fissure  are  pulled  asunder.  Ihe 
operculum,  consisting  of  the  extremities  of  the  inferior  frontal,  ascending  parietal,  and  frontal 
convolutions,  lie  outside  it,  cover  it,  and  conceal  it  from  view.]  _  ,r  jnr. 

[On  the  inner  or  mesial  surface  of  the  cerebrum  are— the  gyrus  fornacatus  (fig.  480,  Gl),  or 
convolution  of  the  corpus  callosum,  which  runs  parallel  to  and  bends  round  the  anterior  and 


Fig.  479. 


Left  side  of  the  human  brain  (diagrammatic).  F,  frontal  ;  P,  parietal ;  0,  occipital  ;  T, 
temporo-sphenoidal  lobe  ;  S,  fissure  of  Sylvius  ;  S',  horizontal,  S",  ascending  ramus  of  S  ; 
c,  sulcus  centralis,  or  fissure  of  Rolando  ;  A,  ascending  frontal,  and  B,  ascending  parietal 
convolution ;  Fj,  superior,  Fg,  middle,  and  F3,  inferior  frontal  convolutions  ;  /j,  superior, 
and  /g,  inferior  frontal  fissures  ;  /g,  sulcus  pnccentralis  ;  P,  superior  parietal  lobule  ;  P„, 
inferior  parietal  lobule,  consisting  of  P.i,  supra-marginal  gyrus,  and  Pg',  angular  gyrus  ;  z^j, 
sulcus  interparietalis  ;  cm,  termination  of  calloso -marginal  fissure  ;  Oj,  first,  Oo,  second, 
O3,  third  occipital  convolutions ;  jio,  parietal-occipital  fissure  ;  0,  transverse  occipital 
fissure  ;  Oo,  inferior  longitudinal  occipital  fissure  ;  T^,  first,  Tg,  second,  T3,  third  temporo- 
sphenoidal  convolutions  ;  ti,  first,  t^,  second  temporo-sphenoidal  fissures. 

posterior  extremities  of  the  corpus  callosum,  terminating  posteriorly  in  the  gyrus  uncinatus  or 
gyrus  hippocampi  (fig.  480,  H),  and  ending  anteriorly  in  a  crooked  extremity,  the  subiculum 
cornu  aminonis  (fig.  480,  U).  Above  it  is  the  calloso-marginal  fissure  (fig.  480,  cm),  and 
running  parallel  to  it  is  the  marginal  convolution  (fig.  480),  which  lies  between  the  latter 
fissure  and  the  margin  of  the  longitudinal  fissure  ;  it  is,  however,  merely  the  mesial  aspect  of 
the  frontal  and  parietal  convolutions.  The  quadrate  lobule  or  prsecuneus  lies  (fig.  480,  Pi), 
between  the  posterior  extremity  of  the  calloso-marginal  fissure  and  the  parieto-occipital  fissure  ; 
it  is  merely  the  mesial  aspect  of  the  ascending  parietal  convolution.    The  parieto-occipital 
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fissure  terminates  below  111  the  calcarine  fissure  (fig.  480,  oc),  and  the  latter  runs  backwards  in 
the  occipital  lobe  dividing  it  into  two  branches,  oc',  oc".  Between  the  parieto-occipital  and 
calcarine  fissures  lies  the  wedge-shaped  lobule  termed  the  cuneus  (fig.  480,  Oz).  Tlie  calcarine 
hssure  indicates  on  the  surfoce  the  position  of  the  calcar  avis  or  hippocampus  minor,  in  the 
posterior  cornu  of  the  lateral  ventricle.  The  dentate  fissure  or  sulcus  hippocampi  (tig.  480,  h) 
marks  the  position  ot  the  elevation  of  the  hippocampus  major,  or  cornu  aramonis,  in  the  lateral 
ventricle.  The  temporo-sphenoidal  lobe  terminates  anteriorlv  in  the  uncinate  gyrus,  while, 
running  along  the  former  and  the  occipital  lobes,  is  the  collateral  fissure  (occipito-temporal 
sulcus),  which  marks  the  position  of  the  eminentia  collateralis  in  the  descending  cornu  of  the 
lateral  ventricle,  while  it  also  separates  the  superior  from  the  inferior  temporo-occipital  con- 
volutions (Tj  and  Tj).]  y  f  r 

Motor  Centres.— In  1870  Fritscli  and  Hitzig  discovered  a  series  of  circum- 
scribed regions  on  the  surface  of  the  cerebral  convolutions,  whose  stimulation 


Fig.  480. 

Median  aspect  of  the  right  hemisphere.  CO,  corpus  callosum  divided  longitudinally  ;  Gf, 
gyrus  fornicatus  ;  H,  gyrus  hippocampi ;  h,  sulcus  hippocampi ;  U,  uncinate  gyrus  ;  cm, 
calloso-marginal  fissure  ;  F,  first  frontal  convolution  ;  c,  terminal  portion  of  fissure  of 
Rolando  ;  A,  ascending  frontal  ;  B,  ascending  parietal  convolution  and  paracentral  lobule  ; 
Pj',  precuneus  or  quadrate  lobule  ;  Oz,  cuneus  ;  Po,  jjarieto-occipital  fissure ;  o,,  trans- 
verse occipital  fissure  ;  oc,  calcarine  fissure ;  oc',  superior,  oc",  inferior  ramus  of  the  same  ; 
D,  gyrus  descendens ;  T4,  gyrus  occipito-temporalis  lateralis  (lobulus  fusiforinis) ;  Tg, 
gyrus  occipito-temporalis  niedialis  (lobulus  lingualis). 

by  means  of  electricity  causes  co-ordinated  movements  in  quite  distinct  groups  of 
muscles  of  the  ojyposite  side  of  the  body  (fig.  483,  I,  II). 

Methods — Stimulation.  — The  surface  of  the  cerebrum  is  exposed  in  an  animal  (dog,  monkey) 
by  removing  a  part  of  the  skull  covering  the  so-called  motor  convolutions  and  dividing  the 
dura  mater.  When  the  convolutions  are  fully  exposed,  a  pair  of  blunt  non-polarisable  (§  328) 
needle  electrodes  are  applied  near  each  other  to  various  parts  of  the  cerebral  surface.  We  may 
employ  the  closing  or  opening  shock  of  a  constant  current,  or  the  constant  current  may  bo 
rapidly  interrupted,  the  current  being  of  such  a  strength  as  to  l)e  distinctly  perceived  when  it  is 
applied  to  the  tip  of  the  tongue  {Fritscli  and  Hitzig).  Or,  the  induced  current  may  be  used, 
also  of  such  a  strength  that  it  is  readily  felt  when  applied  to  the  tip  of  the  tongue  {Fcrricr, 
1873).    The  cerebrum  is  completely  insensible  to  severe  operations  made  upon  it. 

The  areas  of  the  cerebral  cortex,  whose  stimulation  discharges  the  characteristic 
movements,  are  regarded  by  some  as  actual  centres,  because  the  reaction-time  after 
stimulation  of  the  centres  and  the  duration  of  the  muscular  contraction  are  longer 
than  when  the  subcortical  fibres  which  lead  towards  the  deeper  parts  of  the  brain 
are  stimulated.    Another  circumstance  favouring  this  view  is,  that  the  excitability 
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of  these  areas  is  influenced  by  the  stimulation  of  afferent  nerves  {BuhnoJ)-  and 
Ileidenhain)  It  may  be  that  these  centres  are  acted  upon  by  voluntary  impulses  m 
the  execution  of  voluntai-y  movements.  Hence,  they  have  been  coWed psychomotor 
[At  any  rate,  these  areas  have  a  definite  relation  to  certain  motor  acts, 

and  perhaps  it  is  well  to  speak  of  them  as 
"areas  of  representation"  of  the  function  to 
which  they  are  related.]  The  motor  areas 
of  the  cerebrum  (dog,  cat,  sheep)  are  charac- 
terised by  the  presence  of  specially  large 
pyramidal  cells  {Betz,  Merzejeivsky,  Bevan 
Leivis)  ;  while  similar  cells  were  found  by 
Obersteiner  in  the  areas  marked  4  and  8  (fig. 
483),  and  Betz  found  them  in  the  ascending 
frontal  convolution  of  man,  in  the  third 
frontal  convolution,  and  in  the  island  of 
lleil.  0.  Soltmann  found  that  stimulation 
of  the  motor  areas  in  newly-born  animals  is 
without  result,  while  only  the  deeper  fibres 
of  the  corona  radiata  are  excitable. 

Modifying  Conditions.  — In  the  condition  of  deep 
narcosis  produced  by  clilorotbnn,  ctlier,  chloral, 
morphia,  or  in  apnoea,  the  excitability  of  the  centres 
is  abolished  [Schiff),  whilst  the  subcortical  con- 
ducting Y>aths  still  retain  their  excitability  {Bidmoff 
and  Hcidcnliain).  Small  doses  of  these  poisons 
and  also  of  atropiu  at  first  increase  the  excitability 
of  the  centres.  Moderate  loss  of  blood  excites 
them,  while  a  great  loss  of  blood  diminishes  and 
then  abolishes  the  excitability  [Munk  and  Orschan- 
sky).  Slight  inflammation  increases,  while  cooling 
diminishes,  the  excitability.  If  the  cortex  cerebri 
be  removed  in  animals,  the  excitability  of  the 
fibres  of  the  corona  radiata  is  completely  abolished 
about  the  fourth  day,  just  as  in  the  case  of  a  peri- 
pheral nerve  separated  from  its  centre  {Albcrtoni, 
Dupuij,  Franck  and.  Pitrcs). 

Stimulation  of  Subcortical  Parts. — As  the  fibres 
of  the  corona  radiata  converge  towards  the  centre 
of  the  hemisphere,  it  is  evident  that,  after  removal 
of  the  cortex,  stimulation  of  these  fibres  in  the 
deeper  parts  of  the  hemisphere  is  followed  by  the 
same  motor  results  {Gliky  and  Eckliard).  The 
stimulus  is  applied  merely  to  a  deeper  part  of  the 
motor  path.  If  the  stimulus  be  applied  to  parts  situated  still  more  deeply,  as  for  example  to 
the  internal  capside,  general  contraction  of  the  muscles  on  the  opposite  side  is  the  result. 

Time  Relations  of  the  Stimulation. — According  to  Franck  and  Pitres,  the  time  which  elapses 
between  the  moment  of  stimulation  of  the  cortex  and  the  resulting  movement,  after  de- 
ducting the  period  of  latent  stimulation  for  the  muscles,  and  the  time  necessary  for  the  con- 
duction of  the  impulse  through  the  cord  and  nerves  of  the  extremities,  is  0"045  second. 
Heidenhain  and  Bubnoff  found  that,  during  moderate  morphia  narcosis,  when  the  stimulating 
current  was  increased  in  strength,  the  muscular  contraction  and  the  reaction-time  became 
shorter.    After  removal  of  the  cortex,  the  occurrence  of  the  muscular  contraction  from  the 
moment  of  stimulation  of  the  white  matter  is  diminished  \  to  ^.    The  form  of  the  muscular 
contraction  is  longer  and  more  extended  when  the  cortex,  than  when  the  subcortical  paths,  are 
stimulated.    If  the  animal  (dog)  be  in  a  state  of  high  reflex  excitability,  these  ditterences  dis- 
appear ;  in  both  cases  the  contraction  follows  very  rapidly  {Bulnoff  and  Hcidcnlmin).    If  the 
stimulus  be  very  strong  the  muscles  of  the  same  side  may  contract,  but  somewhat  later  than 
those  of  the  opposite  side.    If  the  motor  areas  for  the  fore  and  hind  limbs  be  stimulated- 
simultaneously,  the  latter  contract  somewhat  after  the  former. 

Number  of  Stimuli.— If  40  stimuli  per  second  be  applied  to  a  motor  area,  then  the  corre- 
sponding muscles  yield  40  single  contractions  ;  while  with  46  single  stimuli  per  second  there 
results  a  continued  complete  contraction  {Franck  and  Pitrcs).    In  one  and  the  same  animal, 


Fig.  481. 

Orbital  surface  of  the  left  frontal  lobe  and 
the  island  of  Reil,  the  tip  of  the  temporo- 
sphenoidal  lobe  removed  to  show  the 
latter.  17,  convolution  of  the  margin  of 
the  longitudinal  fissure  ;  0,  olfactory  fis- 
sure, with  the  olfactory  lobe  removed  ; 
TR,  triradiate  fissure  ;  1"  and  1"',  con- 
volutions on  the  orbital  sm-face ;  1, 1, 1, 1, 
under  surface  of  the  infero-frontal  con- 
volution ;  4,  iinder  surface  of  the  ascending 
frontal,  and  5  of  the  ascending  parietal 
convolutions  ;  C,  central  lobe  or  island. 
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the  same  number  of  stimuli  is  required  to  produce  a  continuous  contraction,  whether  the  cortical 
centre,  the  motor  nerve,  or  even  the  muscle  itself  be  stimulated.  With  very  feeble  stimuli, 
summation  of  stimuli  takes  place,  for  the  muscular  contraction  only  begins  after  several  in- 
etfective  stimuli  have  been  applied.  [It  is  generally  held  that  the  rhythm  of  a  contracting 
muscle  is  the  same  as  the  rhythm  of  the  stimuli  applied  to  its  motor  nerve,  but  Schafer  and 
Horsley  contend  that  this  holds  good  for  rates  of  stimuli  to  about  10  or  12  per  second.  They 
find  that  the  same  is  true  for  the  cortex  cerebri,  corona  radiata,  and  medulla  spinalis,  viz.,  that 
the  muscular  response  does  not  vary  with  the  rhythm,  i.e.,  number  of  stimuli  per  sec),  but 
that  the  rhythm  is  constant — about  10  per  sec. — and  independent  of  the  number  of  stimuli  per 
sec,  provided  they  are  above  10  per  sec.  applied  to  these  parts.  Indeed,  all  voluntary  contrac- 
tions show  a  similar  rate  of  imdulation  in  the  muscle-curve.  Perhaps  the  rhythm  of  the 
efferent  impulses  is  modified  in  the  motor  nerve-cells  of  the  spinal  cord.] 

[The  matter,  as  regards  electrical  stimulation  of  the  cortex  cerebri,  resolves  itself 
into  this,  that  stimulation  of  certain  cortical  areas  always  causes  contraction  in 


Si,. 


Fig.  4S2. 

View  of  the  brain  from  above  (semi-diagrammatic).    S,,  end  of  ramus  of  the  Sylvian  fissure. 
The  other  letters  refer  to  the  same  ])arts  as  in  fig.  479. 

definite  muscles  or  groups  of  muscles,  resulting  in  definite  co-ordinated  movements 
on  the  opi-)Osite  side  of  the  body  ;  the  areas  have  been  called  "motor  areas."  They 
have  been  mapped  out  and  ascertained  in  a  large  number  of  animals,  and  the 
question  comes  to  be — Are  there  similar  areas  in  man  *?] 

Primary  Fissures  and  Convolutions  of  the  Dog's  Brain.— The  position  the  motor  centres  in 
the  dog's  brain  is  indicated  in  fig.  483,  I  and  II.  The  dog's  brain  is  mai;ked  by  two  prnnary 
fissures"  viz.,  the  sulcus  cruciatus  (S),  which  intersects  the  longitudnial  hssure  at  a  right 
ancrle  at  the  junction  of  its  anterior  with  its  middle  third.  This  fissure  has  been  called  the 
sulcus  frontalis,  or  the  fissura  coronalis.    The  second  iirimary  fissure  is  the  fossa  bylvu 
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Four  "primary  convolutions,"  inadditioii,  are  arranged  Avitli  reference  to  these  primary  fissures^ 
The  first TSaViry  convolution  (I),  in  the  form  of  a  sharply  curved  knee,  embraces  the  fossa 


Fig,  483. 

I,  Cerebrum  of  the  dog  from  above  ;  II,  from  the  side  ;  I,  II,  III,  IV,  the  four  primary  con- 
volutions,— S,  sulcus  cruciatus  ;  F,  Sylvian  fossa;  o,  olfactory  lobe  ;  7?,  optic  nerve;  1, 
motor  area  for  the  muscles  of  the  neck  ;  2,  extensors  and  abductors  of  the  fore  limb  ;  3, 
flexors  and  rotators  of  the  fore  limb  ;  4,  the  muscles  of  the  hind  limb  ;  5,  the  facial 
muscles  ;  6,  lateral  switching  movements  of  the  tail  ;  7,  retraction  and  abduction  of  the 
fore  limb  ;  8,  elevation  of  the  shoulder  and  extension  of  fore  limb  (movements  as  in  walk- 
ing) ;  9,  9,  orbicularis  palpebrarum,  zygomaticus,  closure  of  the  eyelids.  II,  «,  a,  retrac- 
tion and  elevation  of  the  angle  of  the  mouth  ;  h,  opening  of  the  mouth  and  movements  of 
the  oral  centre  ;  c,  c,  platysnia  ;  d,  opening  of  the  eye  ;  I,  t,  thermic  centre,  according  to 
Eulenburg  and  Landois.  Ill,  cerebrum  of  the  rabbit  from  above  ;  IV,  cerebrum  of  the 
pigeon  from  above  ;  V,  cerebrum  of  the  frog  from  above  ;  VI,  cerebrum  of  the  carp  from 
above — (in  all  these  0  is  the  olfactory  lobe  ;  1,  cerebrum  ;  2,  optic  lobe  ;  3,  cerebellum  ; 
4,  medulla  oblongata). 

Sylvii  (F).    The  second  convolution  (II)  runs  nearly  parallel  to  the  first.    The  fourth  primary 
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convolution  (IV)  bounds  the  longitudinal  fissure,  and  is  separated  from  its  fellow  of  the  opposite 
side  by  the  falx  cerebri  ;  anteriorly  it  embraces  the  sulcus  cruciatus  (S),  so  that  it  is  divided 
into  two  parts  by  this  sulcus,  a  })art,  the  gyrus  pnecruciatus  or  prieirontalis,  lying  in  front  of 
the  sulcus,  and  the  gyrus  postcruciatus  (postfrontalis)  lying  behind  it.  The  tliird  primary  con- 
volution (III)  runs  parallel  to  the  fourth.  Some  authors  count  the  convolutions  from,  the 
longitudinal  fissure  outwards.  In  fig.  483,  I  and  II,  tlie  motor  areas  ov  centres  are  indicated 
by  .lots  on  the  individual  primary  convolutions.  We  must  remember,  however,  that  the 
centres  are  not  mere  points,  but  that  they  vary  in  size  from  that  of  a  pea  upwards,  according  to 
the  size  of  the  animal.  Motor  areas  have  been  mapped  out  in  the  brain  of  the  monkey,  rabbit, 
rat,  bird,  and  frog. 

Position  of  the  Motor  Centres  (Dog)._Fritsch  and  Hitzig,  in  1870,  mapped  out  the  following 
motor  areas,  whose  ])ositiou  may  be  readily  found  on  referring  to  fig.  48-3  :— 1,  is  the  centre  for 
the  muscles  of  the  neck  ;  2,  for  the  extensors  and  adductors  of  the  fore  limb  ;  3,  for  the  llexion 
and  rotation  of  the  fore  leg  ;  4,  for  the  movements  of  the  hind  limb,  which  Luciani  and 
Tamburini  resolved  into  two  antagonistic  centres;  5,  for  the  muscles  of  the  face,  or  the  facial 
centre.  In  1873  Ferrier  discovered  the  following  additional  centres  :— 6,  for  the  lateral  switch- 
ing movements  of  the  tail;  7,  for  the  retraction  and  abduction  of  the  fore  limb  ;  8,  for  the 
elevation  of  the  shoulder  and  extension  of  the  fore  limb,  as  in  walking  ;  the  area  marked 
9,  9,  9,  controls  the  movements  of  the  orbicularis  palpebrarum,  and  of  the  zygomaticus  (closure 
of  the  eyelids),  together  with  the  upward  movement  of  the  eyeball  and  narrowing  of  the  pupil. 
Stimulation  of  the  areas  a,  a  (fig.  II)  is  followed  by  retraction  and  elevation  of  the  angle  of 
the  mouth,  with  partial  opening  of  the  mouth  ;  at  b,  Ferrier  observed  opening  of  the  mouth 
with  protrusion  and  retraction  of  the  tongue,  while  the  dog  not  unfrequently  howled.  He 
called  this  centre  the  "oral  centre."  Stimulation  of  c  c  causes  retraction  of  the  angle  of  the 
mouth,  owing  to  the  action  of  the  platysma,  while  c'  causes  elevation  of  the  angle  of  the  moutli 
and  of  one-half  of  the  face,  until  the  eye  may  be  closed,  just  as  in  9.  Stimulation  of  d  is 
followed  by  opening  of  the  eye  and  dilatation  of  the  pupil,  while  the  eyes  and  head  are  turned 
towards  the  other  side.  According  to  H.  Munk,  the  prefrontal  region  has  an  infiuence  upon 
the  attitude  of  the  body  (?).  The  perineal  muscles  contract  when  the  gyrus  postcruciatus  is 
stimulated.  Stimulation  of  the  gyrus  prajcruciatus  on  its  anterior  and  sloping  aspect  causes 
movements  in  the  pharynx  and  larynx. 

The  position  of  the  individual  motor  areas  may  vary  somewhat,  and  they  may  be 
slightly  different  on  the  two  sides  {Lticiani  and  Tamhurini). 

Strong-  Stimuli. — If  the  stimulation  be  very  strong,  not  only  the  muscles  on 
the  opposite  side,  but  those  on  the  same  side,  may  contract.  These  latter  move- 
ments belong  to  the  class  of  associated  movements,  and  are  due  to  conduction 
through  commissural  fibres.  Those  muscles,  which  usually  (muscles  of  mastication) 
or  always  (muscles  of  eye,  larynx,  and  face)  act  together,  appear  to  have  a  centre 
not  only  in  the  opposite  but  also  in  the  hemisphere  of  the  same  side  {Exner).  [All 
observers  have  found  that  stimulation  of  the  facial  centre  causes  identical  (associated) 
movements  on  both  sides  of  the  face,  so  that  both  sides  of  the  face  seem  to  be 
represented  in  each  hemisphere.  Scliiifer  and  Horsley's  experiments  make  it  very 
probable  that  some  other  muscles,  e.g.,  some  of  the  trunk  muscles,  pectorals,  and 
recti  abdominis,  are  represented  bilaterally  in  the  hemispheres.  This  is  an 
important  point  in  relation  to  recovery  after  the  supposed  destruction  of  a  centre, 
and  has  an  intimate  bearing  on  the  question  of  "  Substitution,"  in  reference  to  the 
restoration  of  nerve-function  (p.  682).] 

Mechanical  stimulation,  e.g.,  scraping  the  motor  areas  for  the  limbs,  produces 
movements  in  these  parts  [Luciani). 

Cerebral  Epilepsy. — It  is  of  great  practical  diagnostic  importance  to  ascertain  if 
stimulation  of  the  motor  areas  in  man,  due  to  local  diseases  (inflammation,  tumours, 
softening,  degenerative  irritation),  causes  movements.  [Hughlings-Jackson  has 
shown  that  local  diseases  of  the  cortex  may  cause  spasmodic  contractions  in  certain 
groups  of  muscles,  a  condition  known  as  "  Jacksonian  Epilepsy,"  and  he  explains 
in  this  way  the  occurrence  of  unilateral  local  epileptiform  spasms,  which  were 
observed  by  Ferrier  and  Landois  to  occur  after  inflammatory  irritation.]  Luciani 
observed  these  spasms  in  dogs,  and  sometimes  they  were  so  violent  and  general  as 
to  constitute  an  attack  of  epilepsy.  This  condition  became  hereditary,  and  the 
animals  ultimately  died  from  epilepsy  (§  373).    According  to  Eckhard,  epileptic 
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attacks  are  never  produced  by  stimulation  of  the  surface  of  the  posterior  convolu- 
tions. 

StroiK'  stimulation  of  the  motor  regions  may  give  rise  in  dogs  to  a  complete  general  convul- 
sive epifeptic  attack,  which  usually  begins  with  contractions  of  the  groups  of  muscles  specially 
related  to  the  stimulated  centre  {Fcrricr,  Euhnhurg  and  Landois,  Albertoni,  Luciuin  and 
Tamhuriai) ;  then  often  passes  to  the  corresponding  limb  of  the  opposite  side  (associated  move- 
ments) ;  and  htstly,  all  the  muscles  of  the  body  arc  thrown  into  tonic  and  then  into  clonic 
spasms.  The  opposite  side  of  the  body  lias  been  observed  to  pass  into  spasm  from  below  up- 
wards, after  the  contractions  were  developed  in  the  other  side.  The  spasmodic  excitement 
passes  from  centre  to  centre,  an  intermediate  motor  region  never  being  passed  over.  Alter  this 
condition  has  once  been  produced,  the  slightest  stimulation  may  suliice  to  bring  on  a  new 
epileptic  attack  (§  373).  During  the  attack,  the  cerebral  circulation  is  accelerated.  According 
to  Eckhard  and  Danillo,  epileptic  attacks  cannot  be  discharged  from  the  posterior  part  of  the 
cerebrum  by  means  of  weak  currents.  Stimulation  of  the  subcortical  white  matter  causes 
epilepsy,  which,  liowever,  begins  in  the  muscles  of  the  same  side  [Hubnojf'  and  Heidcnludn). 
These  contractions  are  due  to  an  escape  of  the  electrical  current,  which  thus  reaches  the  medulla 
oblongata  (§  373). 

If  certain  motor  areas  are  extirpated,  the  epileptic  attack  is  absent  from  the  muscles  con- 
trolled by  these  areas  (Ludani).  Separation  of  the  motor  cortical  area  by  means  of  a  horizontal 
section  durinf/  an  attack  cuts  short  the  latter  {Munk).  During  an  epile])tic  attack  it  is  possible 
to  excise  the  inotor  area  of  one  extremity,  and  thus  exclude  this  limb  from  the  attack  whilst  the 
rest  of  the  body  is  convulsed. 

Drugs.— The  continued  use  oi imtassium  bromide  prevents  the  production  of  epilepsy  on  stimu- 
lating the  cortical  areas. 

Cbemical  Stimulation. — Substances  such  as  occur  in  urine,  e.r/.,  kreatinin, 
kreatin,  acid  potassic  phosphate,  and  sediment  of  urates,  when  sprinkled  on  the 
motor  areas  of  the  dog,  cause  pronounced  eclampsic,  clonic  convulsioTis,  which  recur 
spontaneously,  and  are  followed  by  deep  coma.  These  symptoms  are  like  those  of 
uremic  poisoning.  The  sensory  centres,  especially  that  for  vision,  seem  also  to  be 
aflfected  by  chemical  stimulation  (Landois). 

[Motor  Centres  in  the  Monkey. — Ferrier  has  mapped  out  a  large  number 
of  centres  on  the  outer  surface  of  the  brain  in  the  monkey,  and  to  each  centre  he 
has  given  a  number.  These  numbers  have  been  transferred  to  corresponding  con- 
volutions on  the  human  brain,  numbered  accordingly.  These  areas  are  specially 
distributed  on  the  convolutions  around  the  fissure  of  Rolando,  including  in  the 
monkey,  the  posterior  extremities  of  the  posterior  and  middle  frontal  convolutions, 
the  ascending  frontal,  ascending  parietal,  and  part  of  the  parietal  lobule.] 

[Fig.  484  represents  these  areas  transferred  to  the  corresponding  areas  in  man.  (1)  On  the 
superior  parietal  lobule  (advance  of  the  opposite  hind  limb,  as  in  walking).  (2),  (3),  (4)  Around 
the  upper  extremity  of  the  fissure  of  Rolando  (complex  movements  of  the  opposite  leg  and  arm, 
and  of  the  trunk,  as  in  swimming).  («),  {b),  (c),  [d),  On  the  ascending  parietal  or  posterior 
central  convolution  (individual  and  combined  movements  of  the  fingers  and  wrist  of  the  opposite 
hand  or  prehensile  movements).  (5)  Posterior  end  of  the  sujierior  frontal  convolution  (exten- 
sion forward  of  the  opposite  arm  and  hand).  (6)  Upper  part  of  the  ascending  frontal  or  anterior 
central  convolution  (supination  and  ilexion  of  the  opposite  fore-arm).  (7)  Middle  of  the  same 
convolution  (retraction  and  elevation  of  the  opposite  angle  of  the  mouth).  (8)  At  the  lower 
end  of  the  same  convolution  (elevation  of  the  ala  nasi  and  upper  lip,  and  depression  of  the 
lower  lip  on  the  opposite  side).  (9),  (10)  Broca's  convolution  (opening  of  the  mouth  with  pro- 
trusion and  retraction  of  the  tongue — aphasic  region).  (11)  Between  10  and  the  lower  end  of 
the  ascending  parietal  convolution  (retraction  of  the  opposite  angle  of  the  mouth,  the  head 
turns  towards  one  side).  (12)  Posterior  part  of  the  superior  and  middle  frontal  convolu- 
tions (the  eyes  open  widely,  the  pupils  dilate,  and  the  head  and  eyes  turn  towards  the 
opposite  side).  (13),  (13')  Supra-marginal  and  angidar  gyrus  (the  eyes  move  towards  the 
opposite  side,  and  upwards  or  downwards— centre  of  vision).  (14)  Superior  teniporo-sphcnoidal 
convolution  (pricking  of  the  opposite  ear,  pupils  dilate,  and  the  head  and  eyes  turn  to  the 
opposite  side — hearing  centre).] 

[Experiments  on  Monkeys.— Electrical  stimulation  of  the  anterior  part  of  the 
frontal  lobes  yields  negative  results ;  but  behind  the  anterior  end  of  the  sagittal 
limb  of  the  precentral  sulcus,  there  are  lateral  movements  of  the  head  and  eyes. 
If  the  anterior  third  or  fourth  be  removed,  Schiifer  and  Horsley  observed  no  motor 
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paralysis  nor  any  deficiency  of  general  or  special  sensibility.  Excitation  of  the 
external  surface  (motor  area)  led  Ferrier  to  map  out  the  areas  named  on  p.  695. 
Schjifer  and  Horsley's  experiments  agree  with  Ferrier's,  and  they  map  out  the 
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Fig.  484. 

The  brain  with  the  chief  convolutions  (after  Ecker).  Sec  also  figs.  498,  499  in  their  relation  to 
the  skull.  The  numbers  1  to  14,  and  the  letters  a  to  d,  indicate  cortical  areas  (p.  696). 
S,  Sylvian  fissure  ;  C,  central  sulcus,  or  fissure  of  Rolando  ;  A,  anterior,  and  13,  posterior 
central  convolutions  ;  Fj,  upjter,  Fq,  middle,  and  F3,  lowest  frontal  convolutions  ; 
superior,  and  /g,  inferior  frontal  fissure  ;  f.^,  sulcus  pra;centralis  ;  Pj,  superior,  Po,  inferior 
parietal  lobe,  with  Pg,  gyrus  supra-niarginalis  ;  Pj^  gyrus  angularis  ;  ip,  sulcus  inter- 
parietalis  ;  cm,  end  of  calloso-niarginal  fissure  ;  Oj,  Og,  O3,  occipital  convolutions  ;  ^w, 
parieto-occipital  fissure;  Tj,  T.,,  T3,  temporo-splienoidal  convolutions;  K,,  K^,  K.„  points  in 
the  coronal  suture  ;  4i,  L^,  in  the  laiubdoidal  suture. 

motor  area  into  a  number  of  main  areas,  each  of  which  is  particularly  concerned 
with  the  movement  of  a  particular  part  or  limb,  and  in  some  of  which,  centres  con- 
cerned with  more  specialised  movements  may  be  marked  out.  The  arm-area  is 
roughly  triangular  (lig.  485),  and  "occupies  most  of  the  upper  half  of  the  ascend- 
ing parietal  and  ascending  frontal  gyri,  from  a  little  beneath  the  level  of  the  sagittal 
part  of  the  precentral  fissure  below,  nearly  to  the  margin  of  the  hemisphere  above, 
together  with  the  adjacent  part  of  the  frontal  lobe  below  the  small  antero-posterior 
sulcus."  It  bends  round  and  is  continuous  with  a  part  of  the  marginal  gyrus. 
The  special  movements  of  the  arm  are  indicated  in  fig.  485.] 

[The  face-area  gives  rise  not  only  to  movements  of  the  facial  muscles,  but  also  of 
the  whole  of  the  upper  end  of  the  alimentary  tube.    It  comprises  the  whole  of  the 
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ascending  parietal  and  frontal  convolutions  below  the  arm-area,  down  to  the  fissure 
of  Sylvius,  and  including  the  external  surface  of  the  operculum.] 

[The  head-area,  or  area  for  visual  direction,  comprises  part  of  the  frontal  lobe 
from  the  margin  of  the  hemisphere  to  the  face-area.  In  front  it  is  bounded  by  the 
non-excitable  part  of  the  frontal  lobe.  Its  stimulation  gives  the  results  obtained 
by  Ferrier  on  stimulating  his  No.  12  centre.  The  leg-area  is  partly  situate  on 
the  mesial  surface,  but  it  extends  over  to  the  external  surface  from  the  parieto- 
occipital fissure  nearly  to  the  level  of  the  anterior  end  of  the  small  sulcus  marked 
X.  The  trunk-area  scarcely  extends  over  the  margin  to  reach  the  external 
surface.] 

[Schiifer  and  Horsley  have  extended  Terrier's  researches,  and  shown  that  motor 
centres  exist  in  the  marginal  convolution  (fig.  486),  which  is  excitable  only  in 
that  portion  corresponding  in  extent  (antero-posteriorly)  to  the  excitable  portion 


Fig.  485.  Fig.  486. 

Fig.  485. — Diagram  of  the  motor  areas  on  the  outer  surface  of  a  monkey's  brain  {Horsley  and 
Schafar).  Fig.  486. — Diagram  of  the  motor  areas  on  the  marginal  convolution  of  a 
monkey's  brain  {Horsley  and  Schdfer). 


of  the  outer  surface  of  the  hemisphere.  Anteriorly  it  reaches  forward  to  a  line 
which  is  opposite  the  junction  of  the  posterior  and  middle  thirds  of  the  superior 
frontal  convolution  (centre  12),  while  posteriorly  it  extends  backwards  opposite  to 
the  parietal  lobule,  including  the  paracentral  lobule,  which  contains  large  multipolar 
pyramidal  motor  cells.  The  rest  of  the  mesial  surface  is  excitable.  They  find  that 
the  centres  are  arranged  from  before  backwards  in  the  following  order  : — (1) 
Movements  of  the  head- — this  area  is  very  small,  and  belongs  to  the  large  head- 
area  on  the  external  surface ;  (2)  of  the  fore-arm  and  hand ;  (3)  of  the  arm  at  the 
shoulder  ;  (4)  of  the  upper  dorsal  part  of  the  trunk  ;  (6)  of  the  leg  at  the  hip  ;  (7) 
of  the  lower  leg  at  the  knee ;  (8)  of  the  foot  and  toes.] 

Excitation  of  the  Area  AS  produces  movements  of  the  arm  (fig.  489).  Tliese  vary  according 
to  the  spot  stimulated,  but  towards  the  anterior  part  of  the  area,  movements  of  the  wrist  and 
fore-arm,  towards  the  posterior  part  movements  of  the  arm  and  shoulder,  are  more  frequently 
the  result  of  the  excitation.  Excitation  of  Tr  produces  movements  of  the  trunk,  generally 
arching  and  rotation.  Those  movements  which  are  called  forth  by  stimulating  the  anterior 
part  of  the  area  are  usually  confined  to  the  upper  part  of  the  trunk  (thoracic  region),  and  are 
often  associated  with  movements  of  the  shoulder  and  arm  ;  those  called  forth  by  stimulating 
the  posterior  part  are  movements  of  the  abdominal  and  pelvic  regions  and  of  the  tail,  and  are 
often  associated  with  movements  of  the  hip  and  leg.  Excitation  of  the  area  L  produces  move- 
ments in  the  lower  limb.  These  vary  according  to  the  part  stimulated,  extension  of  the  hip 
being  especially  associated  with  excitation  of  the  anterior  part  of  tlie  area,  and  contraction  of 
the  hamstrings  with  excitation  of  the  middle  part.] 

[Do  similar  Centres  exist  in  Man  ?— The  results  of  clinical  and  pathological 
investigations  show,  that  similar  although  not  absolutely  identical  areas  exist  in 
man.    The  motor  areas,  or  those  which  have  a  special  relation  to  voluntary  motion 
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in  man,  exist  in  part  on  the  convolutions  bounding  the  fissure  of  llolando,  and 
occupy  the  "central"  convolutions,  i.e.,  the  ascending  frontal  and  ascending 
parietal  convolutions  along  with  the  superior  parietal  lobule,  and  along  the  mesial 
surface  of  the  hemisphere,  the  paracentral  lobule  and  precuneus  {fig.  488).  In  this 
region,  the  upper  third  of  the  ascending  frontal  and  parietal  convolutions  along 
with  the  superior  parietal  are  the  leg  area  (fig.  488,  le(j),  the  middle  third  of  the 
ascending  parietal  and  ascending  frontal  for  the  arm,  "and  the  upper  part  of  the 
lowest  third  of  these  convolutions  for  the  face,  while  the  very  lowest  part  of  the 
ascending  frontal  convolution  is  the  area  for  the  movements  of  the  lips  (L)  and 
tongue  (T).  (Compare  figs.  485,  490.)  The  last  area,  with  the  posterior  extremity 
of  the  third  left  frontal  convolution,  is  the  centre  for  voluntary  speech.  We  can- 
not say  whether  these  "  centres  "  are  sharply  mapped  off  from  each  other.  In  any 
case  a  very  strong  stimulation  of  one  centre  may  involve  an  adjacent  area.  So  far 
as  is  yet  known,  centres  Nos.  5  and  12,  as  represented  on  the  monkey's  brain — 
those  on  the  posterior  extremity  of  the  superior  and  middle  frontal  convolutions, — 
(5)  for  extension  forward  of  the  arm  and  hand,  and  (12)  for  opening  the  eyes  and 
turning  the  head  towards  the  opposite  side  (as  in  surprise),  are  not  represented  in 
the  human  brain.  So  accurately  have  certain  of  these  areas  been  located,  that 
surgeons,  in  suitable  cases,  have  been  able  to  excise  a  tumour  causing  certain 
symptoms,  with  relief  of  those  symptoms.] 

[We  may,  therefore,  assert  as  a  general  proposition  that  the  muscles  of  one 
lateral  half  of  the  body  are  regulated  by  certain  areas  in  the  opposite  cerebral 
hemisphere.] 

[Gowei's  maintains  that  the  motor  region  is  not  exclusively  motor,  but  that  destruction  of  this 
area  also  leads  to  some  loss  of  sensation.  Starr  also  asserts  that  perceptions  occur  in  the  grey 
matter  of  the  cortex  of  the  "central"  region'and  parietal  convolutions,  and  that  the  various  sensory 
areas  for  the  various  parts  of  the  body  lie  about,  and  coincide  to  some  extent  with,  the  motoi 
various  areas  for  similar  parts,  but  the  sensory  area  is  more  extensive  than  the  motor  area, 
extending  into  the  parietal  behind  the  motor  area,  which  is  confined  to  the  ascending  frontal 
and  parietal  convolutions.] 

II.  Method  of  Destruction  or  Ablation  of  Parts  of  the  Cortex. — Much  confusion  in  this 
matter  has  arisen  from  comparing  the  results  obtained  on  animals  of  different  sjiecies.  [It  seems 
quite  certain  that  the  results  obtained  in  the  dog  are  quite  dilferent  from  those  in  the  monkey. 
The  motor  areas  may  be  simply  excised  with  a  knife,  or  the  surface  of  the  brain  may  be  washed 
away  with  a  stream  of  water,  as  was  done  by  Goltz  in  dogs.] 

[In  the  dog,  the  areas  which  are  described  as  motor  may  be  removed  either  by  the  knife 
{Ilermann)  or  b}'  means  of  a  stream  of  water  so  directed  as  to  wash  away  the  grey  matter 
{Goltz).  In  both  cases,  although  there  was  some  paralysis  on  the  opposite  side  of  the  body, 
this  was  but  temporary,  for  the  paralysis  disappeared  within  a  few  ilays,  the  animals  having 
very  decided  control  over  their  muscles,  although  Goltz  admits  that  certain  acts,  especially 
those  which  the  dogs  had  been  trained  to  execute,  e.c/.,  giving  a  paw,  were  executed  "  clumsily," 
indicating  some  failure  of  complete  control,  which  Goltz  ascribed  to  loss  of  tactile  sensibility. 
Goltz  thinks  that  the  extent  of  the  injury  has  more  to  do  with  the  result  than  the  locality. 
The  restoration  of  motion  was  not  due  to  the  action  of  the  corres[)on(ling  centre  of  the  o])posite 
side,  as  destruction  of  this  centre,  although  it  produced  the  usual  symptoms  on  the  side  which 
it  governed,  had  no  effect  on  the  previous  result  {CarviUc  mid  Durct).] 

[In  the  monkey,  there  can  be  no  doubt  from  the  experiments  of  Ferrier  that 
destruction  of  a  motor  centre,  e.g.,  that  for  the  arm,  results  in  jicrmaneut  paralysis 
of  the  arm  of  the  opposite  side,  and  if  the  centres  for  the  arm  and  leg  are  destroyed, 
there  is  permanent  hemiplegia  of  the  opposite  side.  "In  order  that  the  hemiplegia 
or  paraplegia  produced  by  cortical  ablation  shall  be  complete,  it  is  necessary  to 
include  the  part  of  the  marginal  gyrus  corresponding  in  longitudinal  extent  to  the 
excitable  areas  of  the  external  surface."  The  amount  of  paralysis  produced  by 
ablation  of  the  marginal  gyri  alone  is  as  great  as  that  caused  by  removal  of  the 
much  more  extensive  external  areas ;  but  the  complexity  of  the  muscular  move- 
ments which  are  governed  from  these  areas  is  much  greater  than  in  those  governed 
from  the  marginal  gyrus  {Schdfer  and  Horsleij).'] 
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[In  man,  records  of  destructive  lesions  of  the  motor  areas  in  whole  or  part  have 
now  accumulated  to  such  an  extent  as  to  leave  no  doubt,  that  if  there  be,  say,  a 
destructive  lesion  of  the  middle  third  of  the  cortex  of  the  ascending  frontal  and 
ascending  parietal  convolutions,  there  will  be  paralysis  of  the  arm  of  the  opposite 
side ;  and  the  same  is  true  for  the  other  centres.] 

[In  extirpation  or  ablation  of  the  motor  centres,  again,  much  confusion 
has  arisen  from  comparing  the  results  obtained  on  different  animals.  In  the  dog, 
there  is  no  permanent  motor  paralysis,  in  the  monkey  and  man  there  is.  The 
difference  is  this,  that  in  the  dog  the  lower  centres,  perhaps  the  basal  ganglia,  are 
able  to  subserve  the  execution  of  those  co-ordinated  movements  required  for  stand- 
ing, progression,  etc.  As  we  proceed  higher  in  the  animal  scale,  the  motor  cortical 
centres  assume  more  and  more  of  the  functions  subserved  by  the  basal  ganglia  in 
lower  animals.  There  is,  as  it  were,  a  gradual  displacement  of  motor  centres  to 
the  cortical  region,  as  we  ascend  in  the  zoological  scale.] 

Differences  in  Animals. — The  higher  the  development  of  the  intelligence  of  animals,  the 
more  liave  their  movcnieiits  been  learned,  and  the  more  have  they  gradually  come  to  be  con- 
trolled by  the  will ;  in  them  the  disturbance  of  the  motor  phenomena  becomes  more  pronounced 
and  persistent  after  destruction  of  the  cortical  psychomotor  centres.  Whilst  in  the  lower 
vertebrates,  including  the  birds,  extirpation  of  the  whole  hemispheres  does  not  materially 
interfere  with  movements,  the  co-ordinated  reflex  movements  being  sufficient — in  dogs 
occasionally,  but  exceptionally,  extirpation  of  sevei'al  motor  areas  produces  visible  permanent 
disturbance  of  motor  acts — and  in  monkeys  and  man  (§  378),  the  paralytic  phenomena  may  be 
intense  and  persistent. 

Acquired  Movements. — Among  the  movements  performed  bj'  men  are  many  which  have  been 
acquired  after  much  practice,  and  have  been  subjected  to  voluntary  control,  e.g.,  the  move- 
ments of  the  hands  for  many  manual  occupations.  After  a  lesion  of  certain  motor  areas,  such 
movements  are  reacquired  only  very  slowly  and  incompletely,  or  it  may  be  not  at  all.  [The 
interference  with  these  finer  acquired  movements  sometimes  becomes  very  marked  in  lesions  of 
the  motor  areas  produced  by  hajniorrhage,  and  in  some  cases  of  hemiplegia.]  Those  move- 
ments, however,  5 which  are,  as  it  were,  innate  [or  as  they  are  sometimes  termed  fundamental 
in  opposition  to  acquired],  and  are  under  the  control  of  the  will  without  much  practice — such 
as  the  associated  movements  of  the  eyes,  face,  some  of  those  of  the  limbs — are  either  rapidly 
restored  after  the  lesion,  or  tliey  appear  to  sutler  but  slightly  after  a  lesion  of  the  cerebral  cortex ; 
the  facial  muscles  are  never  so  completely  paralysed  as  from  a  lesion  of  the  trunk  of  the  facial 
nerve  ;  usually  the  eye  can  be  closed  in  the  former  case.  The  movements  necessary  for  sucking 
have  been  performed  by  hemicephalic  infants. 

Theoretical. — Hitzig  ascribes  the  disturbance  of  movement,  after  the  removal  of  the  motor 
centres,  to  the  loss  of  the  "  muscular  sensibility. "    Schiff  refers  it  to  the  loss  of  tactile  sensibility. 
According  to  Ferrier,  the  tactile  and  sensory  impressions  are  not  appreciablj^  diminished  or 
altered.    The  descending  degeneration  of  the  pyramidal  tracts  in  the  lateral  columns,  according 
to  Schiff,  occurs  after  section  of  the  posterior  half  of  the  cervical  spinal  cord,  or  even  after 
section  of  the  posterior  part  of  the  lateral  columns.    After  dividing  the  latter,  and  allowing 
secondary  degeneration  to  take  place,  it  is  not  possible  to  discharge  movements  by  stimulating 
the  cortex  cerebri.    [Schiff  divided  the  posterior  column  of  the  cord,  and  found  that  stinuila- 
tion  of  the  ojiposite  motor  cortex  failed  to  excite  movements  in  the  opposite  fore  limbs.  He 
supposed  that  tins  result  was  due  to  ascending  degeneration.    Horsley  finds,  however,  that 
Schifi"s  results  are  due  to  transverse  aseptic  myelitis  at  the  seat  of  operation,  thus  causing  a 
"block"  there  in  the  motor  tract.]    The  posterior  columns,  and  their  continuation  upwards 
to  the  brain,  are  supposed  to  carry  the  impulses  upwards  to  the  cerebrum  (ascending  the 
limb  of  the  reflex  arc),  where,  after  being  modified  in  the  centres,  they  are  carried  outwards  by  the 
pyramidal  tracts  (descending  limb  of  the  reflex  arc).    [Some  hold  that  the  posterior  columns 
are  directly  connected  with  the  cortical  motor  area,  while  others  think  that  a  sensory  perceptive 
centre  is  interposed  between  the  afferent  and  efferent  impulses.]    Between,  but  deeper  in  the 
brain,  lie  the  centres  for  tactile  sensibility.    Landois  and  Eulenburg  observed  in  a  dog,  from 
which  the  motor  centres  for  the  extremities  had  been  removed  on  botJi  sides,  that  the  move- 
ments became  completely  fttoic,  i.e.,  the  animal  could  not  execute  such  co-ordinated  move- 
ments as  walking,  standing,  &c.    Goltz  regards  the  disturbances  of  movement  after  injury  of 
tlie  cortex  as  due  to  inhibition.    Schiff  maintains  that  when  the  cortex  cerebri  is  stimulated  we 
do  not  stimulate  a  cortical  centre,  but  only  the  sensory  channels  of  a  reflex  arc,  the  continua- 
tion of  the  posterior  columns,  so  that  on  this  supposition  the  movements  resultiu"-  from 
stimulation  of  the  motor  points  would  be  reflex  movements.    The  centres  lie  deeper'^in  the 
brain.    Tliis  view  is  not  generally  entertained. 

Modifying  Conditions.— The  excitability  of  the  motor  centres  is  capable  of 
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being  considerably  modified.  Stimulation  of  sensory  nerves  diminishes  it ;  thus, 
the  curve  of  contraction  of  the  muscles  becomes  lower  and  longer,  while  the 
reaction-time  is  lengthened  simultaneously.  Only  Avhen,  owing  to  strong  stimula- 
tion, the  reflex  muscular  contractions  are  vigorous,  the  excitability  of  the  cortical 
centres  appears  to  be  increased.  Specially  noteworthy  is  the  fact  that,  in  a  certain 
stage  of  morpMa-narcosis,  a  stimulus  which  is  too  feeble  to  discharge  a  contrac- 
tion becomes  effective  at  once,  if  immediately  before  the  stimulus  is  applied  to  the 
cortical  centre,  the  skin  of  certain  cutaneous  areas  be  subjected  to  gentle  tactile 
stiniulation.^  "When  stromj  pressure  is  applied  to  the  foot,  the  contractions  become 
tonic  in  their  nature,  so  that  all  stimuli,  which  under  normal  conditions  produce  only 
temporary  stimulation,  now  stimulate  these  centres  continuously.  If,  during  the 
tonic  contraction,  one  gently  strokes  the  back  of  the  foot,  blows  on  the  face,  gently 
taps  the  nose,  or  stimulates  the  sciatic  nerve,  suddenly  relaxation  of  the  muscles 
again  occurs.  These  phenomena  call  to  mind  the  analogous  observations  in 
hypnotised  animals  (§  374).  Another  very  remarkable  observation  is,  that  when 
either  owing  to  a  reflex  effect,  or  to  strong  electrical  stimulation  of  a  cortical  centre, 
contraction  of  the  corresponding  muscles  is  produced,  then  feeble  stimulation  of  the 
same  centre,  but  also  of  other  centres,  suppresses  the  movement.  Thus,  we  have 
the  remarkable  fact  that,  according  to  the  strength  of  the  stimulus  applied  to  the 
motor  apparatus,  we  can  either  produce  movement  or  suppress  a  movement  already 
in  progress  {Buhnoff  and  Heidenhain). 

[Excision  of  the  Thyroid  afiects  the  nerve-centres.  After  thyroidectomy  (twenty-four  hours) 
the  tetanus  obtained  by  stimulating  tlie  cortex  is  greatly  changed.  It  ceases  wlien  the  stimu- 
lating current  is  shut  off,  as  sutldenly  as  that  observed  on  stimulating  the  corona  radiata.  In 
more  atlvanced  cases,  the  tetanus  is  soon  exhausted,  and  is  often  followed  by  clonic  epileptoid 
spasms.  In  the  latter  stages,  after  thyroidectomy,  there  may  be  only  a  feeble  tetanus,  or  none 
at  all,  on  stimulating  the  motor  areas,  so  great  is  the  state  of  depression  of  function  of  these 
centres  {Horsley).  ] 

[Warner  has  directed  attention  to  visible  muscular  movements  apart  from  those  studied  in 
epilepsy,  chorea,  athetosis — and  including  attitude,  gait,  movements  of  the  eyeballs,  position  of 
the  hand,  and  posture  in  general,  &c.  — as  expressive  of  states  of  the  brain  and  nerve-centres.  ] 

376.  SENSORY  CORTICAL  CENTRES.— [There  must  be  some  connection 
between  the  surface  of  the  brain  and  the  afferent  channels  through  which  sensory 
impulses  pass  inwards,  and  although  the  channels  for  sensory  impulses  are,  perhaps, 
not  so  definitely  localised  as  those  for  voluntary  motion,  still  we  know  that  sensory 
impulses  for  the  opposite  half  of  the  body  travel  upwards  through  the  posterior 
third  of  the  posterior  limb  of  the  internal  capsule  (fig.  500,  S),  to  radiate  in  all 
probability  into  the  occipital  and  temporo-sphenoidal  lobes.  Parts  of  these  convolu- 
tions are  sometimes  spoken  of  as  "  sensory  centres  "  or  "  psycho-sensorial "  areas.] 

[The  same  methods  have  been  applied  to  the  investigation  of  these  centres,  viz.,  stimulation 
and  extirpation.  Stimulation. — Ferrier  found  that  electricJal  stimulation  of  the  angular  gyrus 
(monkey)  caused  movements  of  the  eyeballs  towards  the  side,  with  sometimes  associated  move- 
ments of  the  head,  but  he  regarded  these  as  reflex  movements,  so  that  for  this  and  other  reasons 
he,  in  his  earliest  contributions,  considered  the  angular  gyrus  and  adjacent  parts  as  the  "centre 
for  vision."  On  stimulating  the  first  temporo-sphenoidal  convolution,  the  monkey  pricked  the 
opposite  ear,  the  pupils  dilated,  while  the  head  and  cars  turned  to  the  opposite  side,  it  exhibited 
movements  similar  to  those  caused  by  a  loud  sound ;  these  movements  are  also  reflex  pheno- 
mena, so  that  he  located  the  "auditory  centre"  in  this  region,  and  on  somewhat  similar 
grounds.  As  the  result  of  inferences  from  the  stimulation  and  extirpation  of  other  parts,  he 
referred  the  centres  for  smell  and  taste  to  the  tip  of  the  temporo-sphenoidal  lobe,  and  for  touch 
to  the  hippocampus  major,  but  all  these  statements  have  not  been  confirmed.] 

[Goltz  experimented  on  dogs  by  washing  away  the  cortex  cerebri,  and  found  that  when  a 
sufficient  amount  of  the  grey  matter  is  removed,  and  after  recovery  from  the  immediate  effects 
of  the  operation,  there  is  a  peculiar  defect  of  vision  and  other  sensory  defects,  but  so  far  Goltz 
has  not  found  that  there  is  any  difference  in  this  respect  between  removal  of  the  anterior  and 
posterior  lobes  of  the  dog's  brain.  The  dog  is  not  blind,  as  it  can  see  and  use  its  eyes  to  avoid 
obstacles,  but  it  seemed  as  if  the  animal  failed  to  recognise  food  or  flesh  as  such,  when  placed 
before  it ;  while  exhibitions,  which,  before  the  operation,  greatly  excited  the  dog,  ceased  to  do 


702 


SENSORY  CORTICAL  CENTRES. 


so.  Goltz  caused  his  servant  to  dress  hiiiiself  in  a  mummer's  red  coloured  garb,  which 
previously  had  greatly  excited  the  dog,  but  after  the  operation  the  dog,  although  it  was  not 
blind,  was  no  longer  excited  thereby.  Nor  was  it  afterwards  cowed  by  the  appearance  of  a 
whip.  After  a  time  there  was  recovery  to  a  certain  extent  if  the  animal  was  trained,  whether 
by  the  deposition  of  new  impressions,  or  by  opening  up  new  channels,  or  by  tlie  partial 
recovery  of  sonic  parts  of  the  grey  matter  not  removed,  it  is  impossible  to  say.] 

[Munk  has  mapped  out  the  surface  of  the  brain  into  a  series  of  "sensory  "  or  psycho-sensorial 
centres,  but  he  distinguishes  between  complete  and  total  extiri)ation  of  these  centres  and  the 
phenomena  which  follow  these  operations.] 

When  these  centres  are  partially  disorganised,  the  mechanism  of  the  sensory 
activity  may  remain  intact,  but  "the  conscious  link  is  wanting."  A  dog  with  its 
centres  thus  destroyed,  sees,  hears,  or  smells,  but  it  no  longer  knows  what  it  sees, 
hears,  or  smells.  These  centres  are  in  a  certain  sense  the  seat  of  experience  that 
has  been  acquired  through  the  organs  of  sense.  Stimulation  of  these  centres 
may  give  rise  to  movements,  such  as  occur  when  sudden  intense  sensory  impressions 
are  produced.  These  movements,  therefore,  are  to  be  regarded  as  reflex,  partly  as 
extensive  co-ordinated  reflex  movements,  and  are  in  no  way  to  be  confounded  with 
the  movements  which  result  from  direct  stimulation  of  the  motor  cortical  centres. 
To  this  belongs  dilatation  of  the  pupil  and  the  fissure  of  the  eyelids,  as  well  as 
lateral  movements  of  the  eyeball. 

1.  The  "visual  area,"  according  to  Munk,  embraces  the  outer  convex  part  of 
the  occipital  lobe  of  the  dog's  brain.    [This  area  and  its  connections  are  represented 

in  fig.  487.  It  is,  therefore,  in  the  area  supplied  by 
the  posterior  cerebral  artery.]  If  the  occipital  lobes  be 
completely  destroyed,  the  dog  remains  permanently 
blind  ("  cortical  or  absolute  blindness  ").  If,  how- 
ever, only  the  central  circular  area  be  destroyed,  there 
is  loss  of  the  conscious  visual  sensation,  which  may  be 
called  "psychical  blindness"  (Mmik)  [a  condition  of 
visual  defect  like  that  observed  by  Goltz  in  the  dog,  in 
which  the  dog  saw  an  object,  e.g.,  its  food,  but  failed 
to  recognise  it  as  such.  There  is  a  certain  amount  of 
recovery  if  the  whole  visual  area  be  not  removed. 
According  to  Schiifer,  the  visual  area  of  the  cerebral 
cortex  in  the  monkey  comprises  the  Avhole  of  the  oc- 
cipital lobe,  and  perhaps  a  part  of  the  angular  gyrus. 
He  finds,  with  Munk,  that  removal  of  one  occipital 
lobe  is  followed  by  hemianopia,  i.e.,  blindness  in  the 
lateral  half  of  each  retina  corresponding  to  the  side 
operated  on.  The  blindness  passes  off.  Removal  of 
both  occipital  lobes  is  said  to  produce  total  and  per- 
manent blindness,  whereas  destruction  of  the  cortex  of 
both  angular  gyri  is  not  followed  by  any  appreciable 
permanent  defect  of  vision.  Ferrier,  however,  does  not 
accept  these  statements.] 
[Ferrier  and  Yeo  find  that  after  operations  conducted  antiseptically,  removal  of 
both  occipital  lobes  (monkeys)  does  not  cause  any  recognisable  disturbance  of 
vision,  or  other  bodily  or  mental  derangement,  provided  the  lesion  does  not  extend 
beyond  the  parieto-occipital  fissure.  Nor  does  destruction  of  both  angular  gyri 
cause  permanent  loss  of  vision ;  such  loss  of  vision  lasts  only  three  days,  so  that  in 
Ferrier's  original  experiments,  the  animals  lived  for  too  short  a  time  after  the 
operation,  to  enable  a  just  conclusion  to  be  arrived  at.  Destruction  of  both 
angular  gyri  and  occipital  lobes  causes  total  and  permanent  blindness  in  both  eyes 
in  monkeys,  without  any  impairment  of  the  other  senses  or  motor  power.  This 
region  Ferrier  calls  the  "  occipito-angular  region." 


Fig.  487. 

Course  of  the  psycho-optic 
fibres  (after  Munk). 
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[Stimulation  of  the  angular  gyrus  causes  movements  of  the  eyes  to  the 
opposite  side,  with  closure  of  the  eyelids  and  contraction  of  the  pupil.  The  eye- 
balls were  directed  upwards  or  downwards  according  as  the  electrodes  were  applied 
to  the  anterior  or  posterior  limb  of  the  angular  gyrus  (Ferrier).  Stimulation  of 
the  whole  of  the  cortex  of  the  occipital  lobe,  including  its  mesial  and  under 
surfaces,  causes  conjugate  deviation  of  the  eyes  to  the  opposite  side,  the  direction 
of  movement  varying  with  the  position  of  the  electrodes.] 

Mauthner  denies  the  existence  of  cortical  blindness,  and  believes  that,  after  destruction  of 
the  middle  of  the  visual  centre,  the  reason  why  the  dog  does  not  recognise  the  object  with  the 
opposite  eye  is  because,  owing  to  there  being  only  indirect  vision,  there  is  no  distinct  impression 
on  the  retina.  The  position  of  the  visual  centre  has  been  variously  stated  by  different 
observers.  According  to  Ferrier,  in  the  dog  it  lies  in  the  occipital  part  of  the  III  primary  con- 
volution, near  the  spot  marked  c,  e,  e,  in  tig.  483  ;  according  to  his  newer  researches,  in  the 
occipital  lobe  and  gyrus  angularis. 

Connection  with  the  Betina. — JMunk  asserts" that  in  dogs  loth  retiniB  are  connected  Avith  each 
visual  cortical  centre,  and  in  such  a  manner  that  the  greatest  part  of  each  retina  is  connected 
with  the  opposite  cortical  centre,  and  only  by  its  most  external  lateral  marginal  part  with  the 
centre  of  the  same  side  (fig.  487).  If  we  imagine  the  surface  of  one  retina  to  be  projected  upon 
the  centres,  then  the  most  external  margin  of  the  tirst  is  connected  with  the  centre  of  the  same 
side,  the  inner  margin  of  the  retina  with  the  inner  area  of  the  opposite  centre,  the  upper  margin 
with  the  anterior  area,  and  the  lower  marginal  part  of  the  retina  with  the  posterior  area  of  the 
opposite  side.  The  (shaded)  middle  of  the  centre  corresponds  to  the  position  of  direct  vision  of 
the  retina  of  the  opposite  side  (compare  §  344). 

Stimulation  of  the  visual  centre  in  dogs  causes  movements  of  the  eyes 
towards  the  other  side,  sometimes  with  similar  movements  of  the  head  and  con- 
traction of  the  pupils.  If  one  eye  be  excised,  from  new-born  dogs,  the  opposite 
visual  centre,  after  several  months,  is  less  developed  {Munk).  After  extirpation 
of  the  visual  centre  in  young  dogs,  the  channels  which  connect  it  with  the  optic 
nerve  undergo  degeneration  {Mouakow)  (§  344). 

In  monkeys,  the  centre  occupies  the  occipital  lobe.  Unilateral  destruction  causes  temporary 
blindness  of  the  halves  of  both  retinse,  i.e.,  hemianopia  on  the  side  of  the  injury.  The  visual 
centre  in  pigeons  (tig.  483,  IV,  where  1  is  placed)  lies  somewhat  behind  and  internal  to  the 
highest  curvature  of  the  hemispheres  {M'Kendrick,  Ferrier,  Musehold).  The  visual  centre 
in  the  frog  lies  in  the  optic  lobe  {Blaschko). 

[The  visual  path  is  along  the  optic  nerve  to  the  chiasma,  where  the  fibres  from  the  nasal  half 
of  each  retina  cross  to  the  optic  tract,  some  of  the  fibres  perhaps  becoming  connected  with  the 
external  corpora  geniculata,  and  some  with  the  pulvinar  of  the  optic  thalamus  and  corpora 
quadrigemina,  while  the  great  mass  sweeps  backwards  to  the  occipital  lobes  as  the  optic  expan- 
sion of  Gratiolet.  Destruction  of  this  path  behind  the  chiasma  causes  hemiopia  or  hemianopia, 
and  certain  diseases  of  the  occipital  cortex  cause  a  similar  result.  Perha^js,  however,  there  is 
another  centre  in  the  angular  gyrus  (and  supra-marginal  lobe),  for  in  cases  of  word-blindness 
disease  has  been  found  in  these  regions.  Sometimes  flashes  of  light  or  the  appearance  of  a  ball 
of  fire  form  the  aura  in  epilepsy,  and  Hughlings  Jackson  thinks  that  discharging  lesions  of  the 
right  occipital  lobe  cause  coloured  vision  more  frerpiently  than  on  the  left.] 

2.  The  centre  for  hearing,  or  "  auditory  area,"  lies  in  the  dog,  according  to 
Ferrier,  in  the  region  of  the  second  primary  convolution  at  /j  /,  /  (fig.  483,  II), 
while  in  the  monkey  and  man  it  is  in  the  first  temporal  or  temporo-sphenoidal 
gyrus  (Feri'ier's  centre.  No.  14).  Munk  locates  it  in  the  same  region.  According 
to  Munk,  destruction  of  the  entire  region  causes  deafness  of  the  opposite  ear,  wdiile 
destruction  of  the  middle  shaded  part  alone  causes  "psychical  deafness"  Seelen- 
tauhheit").  Electrical  irritation  of  the  upper  two-thirds  of  the  superior  temporal 
convolution  is  follow^ed  by  a  reaction  which  closely  resembles  that  produced  by  a 
sudden  fright,  or  that  produced  by  a  sudden  unexpected  noise.  [There  is  a  quick 
retraction  of  the  opposite  ear,  i.e.,  "pricking"  of  the  ear  as  if  toward  the  supposed 
origin  of  the  sound,  combined  generally  with  turning  of  the  head  and  eyes  to  that 
side,  and  dilatation  of  the  pupil.]  Ferrier  locates  the  centre  for  hearing  in  the 
monkey  in  the  superior  temporo-sphenoidal  convolution,  and  he  finds  that,  when  the 
centres  on  both  sides  are  extirpated,  the  animal  is  absolutely  deaf;  it  takes  no 
cognisance  of  a  pistol  fired  in  its  neighbourhood.   [From  his  experiments  on  monkeys, 
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Schiifer  denies  absolutely  the  conclusions  of  the  above-named  experiments.  Sch;ifer 
points  out  that  it  is  not  difficult  to  substantiate  hearing  in  monkeys ;  it  is  difficult 
to  substantiate  deafness,  for  quite  normal  monkeys  will  often  fail  to  pay  the  least 
attention  to  loud  sounds.  In  six  monkeys,  Schiifer  asserts  that  after  more  or  less 
complete  destruction  of  the  superior  temporal  gyrus  on  both  sides,  hearing  was  not 
perceptibly  afl'ected.  In  one  case,  both  temporal  lobes  were  completely  removed 
without  any  permanent  diminution  in  the  acuteness  of  hearing.  These  results  are 
opposed  to  the  ordinary  clinical  teaching  on  this  subject.]  In  man,  injuries  to  the 
first  and  second  temporo-sphenoidal  convolutions  on  one  side  do  not  appear  to 
cause  complete  deafness  of  one  ear,  as  it  seems  that  the  sense  of  hearing  for  each 
ear  is  perhaps  represented  on  both  sides.  Bilateral  lesions  of  these  convolutions 
in  man  cause  complete  deafness.  Disease  of  these  two  convolutions  is  associated 
with  word-deafness  (p.  713).  Wernicke  cites  the  case  of  a  person  first  affected 
with  word-deafness,  who  afterwards  became  completely  deaf;  and  after  death,  a 
bilateral  lesion  was  found  in  the  first  temporo-sphenoidal  convolution.  These  con- 
volutions are  supplied  with  blood  by  the  middle  cerebral  or  Sylvian  artery. 

[The  auditory  paths  are  from  the  auditory  nuclei  in  the  medulla  oblongata 
through  the  pons,  where  they  perhaps  cross  into  the  tegmentum,  thence  into  the 
"  sensory  crossway,"  and  onwards  to  the  auditory  centre.] 

[Auditory  Aiirae. — Equally  important  with  these  effects  of  disease  are  the  sensory  inipressious, 
or  "aurse,"  which  sometimes  usher  in  an  attack  of  epilepsy  ;  sometimes -these  aurse  consist  of 
sounds  or  noises,  and  in  these  cases  the  seat  of  the  disease  isjoften  in  the  first  temporo-sphenoidal 
convolution.] 

[3.  The  olfactory  centre  has  not  been  so  definitely  located  as  some  of  the 
others.  There  is  strong  presumptive  evidence  that  it  is  situated  in  the  hippo- 
campal  region  of  the  temporal  lobe,  at  its  lower  extremity.  This  view  is  strength- 
ened by  the  anatomical  relations  of  this  region  to  the  olfactory  tract  and  anterior 
commissure  {Ferrier).  M'Lane  Hamilton  has  recorded  a  case  of  epilepsy  ushered 
in  by  an  aura  of  a  disagreeable  odour,  in  which  there  was  atrophy  of  the  grey 
matter  of  the  right  uncinate  gyrus.] 

[Olfactory  Path. — Although  the  outer  root  of  the  olfactory  tract  runs  direct  to  the  uncinate 
gyrus,  in  hcmianccsthcsia  resulting  from  injury  to  the  "sensory  crossway,"  smell  is  lost  on  the 
opposite  side,  while  it  is  lost  on  the  same  side  when  the  imcinate  gyrus  is  involved.  It  may  be 
that  the  impulses  go  first  to  their  own  side,  and  cross  afterwards.] 

[4.  We  do  not  know  the  centre  for  taste,  and  even  the  course  of  the  nerve  of 
taste  is  disputed.    Ferrier  places  it  close  to  that  of  smell.] 

On  stimulating  the  subiculum  in  monkeys,  dogs,  cats,  and  rabbits,  he  observed  peculiar 
movements  of  the  lips  and  partial  closure  of  the  nostrils  on  the  same  side  (§  365).  In  man, 
subjective  olfactory  and  gustatory  perceptions  are  regarded  as  irritative  phenomena,  while  loss 
of  these  sensory  activities,  often  complicated  with  other  cerebral  phenomena,  is  regarded  as  a 
symptom  of  their  paralysis. 

[The  gustatory  path  crosses  in  the  posterior  part  of  the  posterior  segment  of  the  internal  cap- 
sule. While  Gowers  admits  that  the  chorda  tympani  is  the  nerve  of  taste  for  the  anterior  two- 
thirds  of  the  tongue,  he  thinks  that  it  reaches  the  facial  nerve  from  the  spheno-palatine  ganglion 
tlu'ough  the  Vidian  nerve.  He  denies  that  the  glosso-pharyngeal  is  concerned  in  taste,  and 
"  he  believes  that  taste  impressions  reach  the  brain  solely  by  the  roots  of  the  5th  nerve."  He 
admits  that  the  nerves  of  taste  to  the  back  part  of  the  tongue  may  be  distributed  with  the 
glosso-pharyngeal,  reaching  them  through  the  otic  ganglion  by  the  small  superficial  petrosal  and 
tympanic  plexus.] 

[5.  Ferrier  places  the  centre  for  tactile  sensation  in  the  hippocampal  region,  close 
to  the  distribution  of  part  of  the  posterior  cerebral  artery  ;  so  far  this  has  not  been 
confirmed.  The  centre  for  the  sensation  of  pain  has  not  been  defined  ;  probably  it 
is  very  diffuse.  The  limbic  lobe,  according  to  Broca,  includes  the  hippocampal 
convolution  and  the  gyrus  fornicatus.  Ferrier  found  that  removal  of  the  hippo- 
campal region  resulted  in  a  diminution  of  the  sensibility  of  the  opposite  side  of  the 
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body.  Horsley  and  Scbiifer  observed  only  a  temporary  hemianifistbesia,  but  they 
found  that  an  extensive  lesion  of  the  gyrus  fornicatus  was  followed  by  hemiantes- 
thesia,  more  or  less  marked  and  persistent.  From  their  experiments,  these  observers 
conclude  that  the  limbic  lobe  "  is  largely,  if  not  exclusively,  concerned  in  the  appreci- 
ation of  sensations,  painful  and  tactile."] 

6.  Munk  is  of  opinion  that  the  surface  of  the  cerebrum  in  the  region  of  the  motor  centres  acts 
at  the  same  time  as  "sensory  areas"  Fiihhjihare"),  i.e.,  they  serve  as  centres  for  the  tactile 
and  rauscular  sensations  and  those  of  the  innervation  of  the  opposite  side.  He  asserts  that  after 
injury  to  these  regions  the  corresponding  functions  are  afiected. 

According  to  Bechterew,  the  centres  for  the  perception  of  tactile  impressions,  those  of  inner- 
vation, of  the  muscular  sense,  and  painful  impressions  are  placed  in  the  neighbourhood  of 
the  motor  areas  (dog)  ;  the  first  immediately  behind  and  external  to  the  motor  areas,  the  others 
in  the  region  close  to  the  origin  of  tlie  Sylvian  fissure.  [So  far  this  agrees  with  the  views  of 
Starr  (p.  699).] 

Goltz,  who  first  accurately  described  the  disturbances  of  vision  following  upon  injuries  to  the 
cortex  in  dogs,  is  opposed  to  the  view  of  sensory  localisation.  He  believes  that  each  eye  is 
connected  with  both  hemispheres.  He  asserts  that  the  disturbance  of  vision,  after  injury  to 
the  brain,  consists  merely  in  a  diminished  colour-  and  space-sense.  The  recovery  of  the  visual 
perception  of  one  eye  after  injury  of  one  side  of  the  cortex  cerebri,  he  explains  by  supposing 
that  this  injury  merely  causes  a  temporary  inhibition  of  the  visual  activity  in  the  opposite  eye, 
■which  disappears  at  a  later  period.  Instead  of  psychical  blindness  and  deafness  he  speaks  of  a 
"  cerebro-optical  "  and  "  cerebro-acoustical  weakness." 

377.  THERMAL  CORTICAL  CENTRES.— Euleu berg  and  Landois  discovered  an  area  on 
the  cortex  cerebri,  whose  stinmlatiou  produced  an  undoubted  effect  upon  the  temperature  and 
condition  of  the  blood-vessels  of  the  opposite  extremities.  This  region  (fig.  483,  I,  t)  generally 
embraces  the  area  in  which,  at  the  same  time,  the  motor  centres  for  the  flexors  and  rotators  of 
the  fore  limb  (3),  and  for  the  muscles  of  the  hind  limb  (4)  are  placed.  The  areas  for  the  anterior 
and  posterior  limbs  are  placed  apart,  that  for  the  anterior  limb  lies  somewhat  more  anteriorly, 
close  to  the  lateral  end  of  the  crucial  sulcus.  Destruction  of  this  region  causes  increase  of  the 
temperature  of  the  opposite  extremities;  the  temperature  may  vary  considerably  (1  "S"  to  2°, 
and  even  rising  to  ]3''  C. ).  This  result  has  been  confirmed  by  Hitzig,  Bechterew,  Wood,  and 
others.  This  rise  of  the  temperature  is  usually  present  for  a  considerable  time  after  the  injury, 
although  it  may  undergo  variations.  Sometimes  it  may  last  three  months,  in  other  cases 
it  gradually  reaches  the  normal  in  two  or  three  days.  In  well-marked  cases,  there  is  a  dimin- 
ution of  the  resistance  of  the  wall  of  the  femoral  artery  to  pressure,  and  the  pulse-curve 
is  not  so  high  {licinkc).  Local  electrical  stimulation  of  the  area  causes  a  slight  temporary 
cooling  of  the  opposite  extremities,  which  may  be  detected  by  the  thermo-electric  method. 
Stimulation  by  means  of  common  salt  acts  in  the  same  way,  but  in  this  case  the  phenomena  of 
destruction  of  the  centre  soon  appear.  As  yet,  it  has  not  been  proved  that  there  is  a  similar  area 
for  each  half  of  the  head.  The  cerebro-epileptic  attacks  (§  375)  increase  the  bodily  temperature, 
partly  owing  to  the  increased  production  of  heat  by  the  muscles  (§  302),  partly  owing  to  dimin- 
ished radiation  of  heat  through  the  cutaneous  vessels,  in  consequence  of  stimulation  of  the 
thermal  cortical  nerves.  The  experiments  led  to  no  definite  results  when  performed  on  rabbits. 
According  to  Wood,  destruction  of  these  centres  occasions  an  increased  production  of  heat  that 
can  be  measured  by  calorimetric  methods,  while  stimulation  causes  the  opposite  result. 

These  experiments  explain  how  psychical  stimulation  of  the  cerebrum  may  have  an  effect 
upon  the  diameter  of  the  blood-vessels  and  on  the  temperature,  as  evidenced  by  sudden  paleness 
and  congestion  ({5  378,  III.). 

[Heat  Production. — Injury  to  the  fore-brain  has  no  effect  on  the  temperature.  If  the  brain 
of  a  rabbit  be  punctured  through  the  large  fontanelle,  and  the  stylette  be  forced  through  the 
grey  matter  on  the  surface,  white  matter,  and  the  median  portion  of  the  corpus  striatum  right 
to  the  base  of  the  brain,  there  is  a  rapid  rise  of  the  temperature  which  may  last  several  days. 
Injury  to  the  gi-ey  cortex  does  not  affect  the  temperature.  After  puncture  of  the  corpus  stri- 
atum, the  highest  temperature  is  reached  only  after  twenty-four  to  seventy  hours,  but  when 
the  puncture  reaches  the  base  of  the  brain  this  result  occurs  in  two  to  four  hours.  Electrical 
stimulation  of  these  areas  causes  the  same  efiect  on  the  temperature.  Direct  injury  to  certain 
parts  of  the  brain  is  followed  by  a  rise  of  the  temperature— or  fever.  See  also,  p.  329,  for  further 
evidence  of  the  existence  of  thermal  centres.  There  is  at  the  same  time  an  increase  of  the  0 
taken  in,  the  CO.^  given  off  and  a  decided  increase  of  the  N  given  ofT,  indicating  an  increase  in 
the  proteid  metabolism,  which  points  to  an  increased  production  of  heat  {Aronsohn  and  Sachs, 
Eichct,  Wood).] 

General  and  Theoretical.— Goltz's  View. — Goltz  uses  a  different  method  to  remove  the  cortex 
cerebri— he  makes  an  opening  in  the  skull  of  a  dog,  and  by  means  of  a  stream  of  water  washes 
away  the  desired  amount  of  brain-matter.  He  describes,  first  of  all,  inhibitory  phenomena, 
which  are  temporary  and  due  to  a  temporary  suppression  of  the  activity  of  the  nervous 
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apparatus,  which,  however,  is  not  injured  anatomically;  this  may  be  explained  in  the  same  way 
as  the  sujiiiressioii  of  reflexes  by  strong  stimulation  of  sensory  nerves  (§  361,  3).  In  addition, 
there  are  the  permanent  phenomena,  due  to  the  disappearance  of  the  activity  of  the  nervous 
apparatus,  whicli  is  removed  by  the  operation.  A  dog,  with  a  large  mass  of  its  cerebral  cortex 
removed,  may  be  compared  to  an  eating,  complex,  reflex  machine.  It  behaves  like  an  intensely 
stupid  dog,  walks  slowly,  with  its  head  hanging  down  ;  its  cutaneous  sensibility  is  diminished 
in  all  its  qualities— it  "is  less  sensitive  to  pressure  on  the  skin  ;  it  takes  less  cognisance  of 
variations  of  temperature,  and  does  not  comprehend  how  to  feel  ;  it  can  with  difliculty 
accommodate  itself  to  the  outer  world,  especially  with  regard  to  seeking  out  and  taking  its  food. 
On  the  other  hand,  there  is  no  paralysis  of  its  muscles.  The  dog  still  sees,  but  it  does  not 
understand  what  it  does  see  ;  it  looks  like  a  somnambulist,  who  avoids  obstacles  without 
obtaining  a  clear  perception  of  their  nature.  It  hears,  as  it  can  be  wakened  from  sleep  by  a 
call,  but  it  hears  like  a  person  just  wakened  from  a  deep  sleep  by  a  voice— such  a  person  does 
not  at  once  obtain  a  distinct  perception  of  the  sound.  The  same  is  the  case  with  the  other 
senses.  It  howls  from  hunger,  and  eats  until  its  stomach  is  filled  ;  it  manifests  no  symptoms 
of  sexual  excitement. 

Goltz  supposes  that  every  part  of  the  brain  is  concerned  in  the  functions  of  willing,  feeling, 
perception,  and  thinking.  Every  section  is,  independently  of  the  others,  connected  by  con- 
<lucting  paths  with  all  the  voluntary  muscles,  and,  on  the  other  hand,  with  all  the  sensory  nerves 
of  the  body.    He  regards  it  as  possible  that  the  individual  lobes  have  difl"erent  functions. 

After  removal  of  the  anterior  or  frontal  convohitions  ami  the  motor  areas,  there  is  at  first 
unilateral  motor  and  sensory  paralysis  and  affection  of  vision.  After  some  months,  there  remains 
only  the  loss  of  the  muscular  sense.  If  the  operation  be  bilateral,  the  phenomena  are  more 
marked ;  there  are  innumerable  purposeless  associated  movements,  and  the  dogs  become 
vicious.  Marked  and  permanent  disturbance  in  the  capacity  to  utilise  the  impressions  from  the 
sense-organs  is  not  a  necessary  consequence  of  removal  of  the  frontal  convolutions. 

Removal  of  the  occipital  lobes  interferes  most  with  vision.  Bilateral  removal  makes  the 
animal  almost  blind.  The  dog  remains  obedient  and  lively.  There  is  no  disturbance  of  motion 
or  of  the  muscular  sense. 

Inhibitory  Phenomena. — Injury  to  the  brain  also  causes  inhibitory  phenomena,  such  as  the 
disturbances  of  motion,  the  complete  hemiplegia  which  is  frequently  observed  after  large 
unilateral  injuries  of  the  cortex  cerebri ;  these  are  regarded  by  Goltz  as  inhibitoi-y  phenomena, 
due  to  the  injury  acting  on  lower  infra-cortical  centres,  whose  action  inhibits  movement,  but 
these  movements  are  recovered  as  soon  as  the  inhibitory  action  ceases. 


378.  TOPOGRAPHY  OF  THE  CORTEX  CEREBRI.— A  short  resume  of 
the  arrangement  of  convolutions,  according  to  Ecker,  is  given  in  §  375. 

I.  The  cortical  motor  areas  for  the  face  and  the  limbs  are  grouped  around  the 


Fig.  488.— Motor  areas  in  man  shaded— outer  surface  of  the  left  side  of  human  brain  Dotted 
area,  the  aphasic  region  (modified  from  Gowers).    Fig.  489.— Inner  surface  of  rif^ht  hemi 
sphere.    AS,  area  governing  the  movements  of  the  arm  and  shoulder  ;  Tr  of  the  trunk  • 
leg,  those  of  the  leg;  Gf,  gyrus  fornicatus  ;  CO,  corpus  callosum  ;  U,  uncinate  "vrus  •  o' 
occipital  lobe.  oj      >  > 


fissure  of  Rolando,  including  the  ascending  frontal,  ascending  parietal  and  part  of 
the  parietal  lobule  (fig.  488).  The  centre  for  the  face  occupies  the  lowest  third  of 
the  ascending  frontal  convolution,  and  reaches  also  to  the  lowest  fifth  of  the  ascend- 
ing parietal.   The  arm  centre  occupies  the  middle  third  of  the  ascendino-  frontal  and 
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middle  tliree-fifths  of  the  ascending  parietal  convolutions,  while  the  leg  centre  lies 
at  the  upper  end  of  the  sulcus  and  extends  backwards  into  the  parietal  lobule  (and 
perhaps  on  to  the  superior  frontal  convolution)  (fig.  488).  The  leg  centre  is  con- 
tinued over  on  to  the  paracentral  lobule,  opposite  the  upper  end  of  the  fissure  of 
Ixolando,  in  the  marginal  convolution  on  the  mesial  aspect  of  the  hemisphere  (fig. 
490),  where  the  centres  for  the  muscles  of  the  trunk  also  exist  (p.  698).  The  centre 
for  speech  is  in  the  posterior  part  of  the  third  left  frontal  convolution  (fig.  488). 

Blood  Supply.— These  convolutions  are  supplied  with  blood  from  4  to  5  hranches  of  the 
Sylvian  artery,  whicli  may  sometimes  be  plugged  with  an  embolon.  When  a  clot  lodges  in 
this  artery,  the  branches  to  the  basal  ganglia  may  remain  pervious,  whilst  the  cortical  branches 
may  be  plugged  {Buret,  ffeubner)  {§  381). 

[Hemiplegia  consists  of  motor  paralysis  of  one-half  of  the  body,  although,  as  a 
rule,  all  the  muscles  are  not  paralysed  to  the  same  extent ;  in  some  there  may  be 
complete  paralysis,  i.e.,  they  are  entirely  removed  from  voluntary  control,  while  in 
others,  there  is  merely  impaired  voluntary  control.  It  may  be  caused  by  affections 
of  the  cortical  areas  or  by  lesion  of  the  motor  tracts  above  the  medulla,  and  the 


Fi".  490.  Transverse  section  of  a  cerebral  hemisphere.    CCa,  corpus  callosum  ;  NC,  caudate 

°  nucleus  ;  NL,  lenticular  nucleus  ;  IC,  internal  capsule  ;  CA,  internal  carotid  artery ;  (tSL, 
lenticulo'-striate  artery  ;  ("  Artery  of  hemorrhage")  ;  F,  A,  L,  T,  position  of  motor  areas 
governing  the  movements  of  the  face,  arm,  leg,  and  trunk  muscles  of  the  o])posite  side 
XHorslcy).    Fig.  491. — Scheme  of  the  innervation  of  bilaterally  associated  muscles  {Ross). 

more  affected  than  the  upper  half,  which  is  usually  not  much  affected.  All  those 
movements  under  voluntary  control,  and  especially  those  that  have  been  learned, 
are  abolished,  whilst  the  associated  and  bilateral  movements,  which  even  animals 
can  execute  immediately  after  birth,  remain  more  or  less  unaffected.  Hence,  the 
hand  is  more  paralysed  than  the  arm ;  this,  again,  than  the  leg ;  the  lower  facial 
branches  more  than  the  upper  ;  the  nerves  of  the  trunk  scarcely  at  all  {Farier). 
When  an  extraordinary  effort  is  made,  it  will  be  found  that  there  is  some  impair- 
ment of  the  power  of  the  muscles  of  mastication  and  respiration,  although  the 
muscles  on  opposite  sides  act  together  (Gomrs).    The  trunk-muscles,  as  a  rule,  are 
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but  slightly  affected,  or  not  at  all,  as  their  centre  is  elsewhere.  There  may  be 
alterations  of  sensibility  and  of  the  reflexes.] 

[Coiiductiou  through  the  whole  of  the  pyramidal  fibres  coming  from  one  liemisphere  may  be 
interrupted,  and  yet  all  the  muscles  on  the  opposite  side  of  the  body  are  not  paralysed.  The 
muscles  which  are  comparatively  unaffected  are  those  associated  in  their  action  with  the  muscles 
of  the  opposite  side,  caj.,  the  respiratory  muscles.  Broadbent  assumes  that  such  muscles  have 
a  bilateral  representation  in  the  motor  areas.  Suppose  in  tig.  491,  B,  B',  to  represent  the  cerebral 
corte.K ;  M,  M,  motor  centres  in  it ;  N,  N',  nerve  nuclei  in  the  spinal  cord  or  medulla  oblongata  ; 
P,  P',  the  pyramidal  tracts  passing  to  spinal  nuclei  N,  N' ;  m,  m',  nerves  proceeding  from  the  last. 
1,  2,  3,  4,  5,  represent  different  lesions.  In  the  case  of  muscles  on  opposite  sides  of  the  bodj% 
which  act  independently,  e.g.,  those  of  the  hand,  this  is  all  the  mechanism,  but  in  bilaterally 
associated  muscles  there  is  another  mechanism,  viz.,  commissural  fibres  between  the  nerve 
nuclei,  the  one  c  conducting  from  right  to  left,  and  c'  from  left  to  right.  When  there  is  an 
injury  at  1  or  3,  impulses  can  still  pass  from  the  uninjured  side  M  to  N'  and  through  c'  to  the 
muscles  m,  m'.    In  this  way,  both  muscles  receive  motor  impulses  from  one  hemisphere  {Iloss).] 

Conjugate  deviation  of  the  eyes,  with  rotation  of  the  head,  is  frequently  jiresent  in  the  early 
period  of  hemiplegia,  although  it  usually  disappears.  When  a  person  turns  his  head  to  one  side, 
there  is  an  associated  movement  of  certain  of  the  ocular  muscles  with  those  of  the  neck.  The 
head  and  eyes  are  usually  turned  to  the  side  of  the  lesion  ;  this  is  termed  "  conjugate  deviation," 
so  that  the' power  of  voluntarily  moving  the  eyes  and  head  to  the  paralysed  side  is  temporarily 
lost.  The  unopposed  muscles  rotate  the  head  and  eyes  to  the  sound  side.  If  the  lesion  be  in 
the  posterior  part  of  the  pons,  the  deviation  is  to  the  paralysed  side  {Pr6vost). 

[Subsequent  Eflfects. — If  there  be  a  hajmorrhage,  say  into  these  motor  regions,  or  from  the 
leuticulo-striate  artery,  so  as  to  compress  the  pyramidal  fibres  in  the  knee  and  anterior  two- 
thirds  of  the  posterior  segment  of  the  internal  capsule,  then  there  is  usuallj'  tonic  or  persistent 
contraction  of  the  muscles  affected.  These  tonic  spasms  may  accompany  the  ha3morrhage,  or 
come  on  a  few  days  after  it,  and  set  up  the  condition  of  early  rigidity.  The  contraction  or 
spasm — if  any — accompanying  the  hsemorrhage,  is  due  to  direct  irritation  of  the  pyramidal 
fibres,  while  that  which  comes  on  a  few  days  later,  and  usually  lasts  a  few  weeks,  is  also  due 
to  irritation  of  these  fibres,  probably  produced  by  inflammatory  action  in  and  around  the  seat 
of  the  lesion.  The  affected  limb  is  stiff'  and  resists  passive  movement.  After  a  few  weeks,  late 
rigidity  sets  in  and  is  persistent,  and  it  is  characterised  by  structural  changes  in  the  pyramidal 
paths  which  lead  to  other  results.  There  is  secondary  descending  degeneration  in  the  pyramidal 
tracts,  which  causes  "contracture"  in  the  paralysed  limbs,  while  at  the  same  time,  the  deep 
or  tendinous  and  periosteal  reflexes  (ankle-clonus,  rectns-clonus,  and  the  deep  reflexes  of  the 
arm-tendons,  are  exaggerated).  The  .spastic  rigidity  is  usually  more  marked  in  the  arm  than  in 
the  leg,  and  it  generally  att'ects  the  flexors  more  than  the  extensors,  so  that  the  upper  arm  is 
ilrawn  close  to  the  trunk,  the  elbow,  arm,  and  fingers  flexed ;  in  the  leg,  the  extensors  of  the 
leg  overcome  the  peronei.  Hitzig  has  pointed  out  that  the  contracture  is  less  during  sleep,  and 
after  rest.  The  muscles  at  first  can  be  stretched  by  sustained  pressure,  but  after  months  or 
years,  structural  changes  occur  in  the  muscles,  ligaments,  and  tendons,  and  the  limbs  assume  a 
permanent  and  characteristic  attitude.] 

In  hemiplegic  persons,  the  power  of  the  unparalysed  side  is  sometimes  diminished,  which  is 
not  sufficiently  explained  by  the  fact  that  some  bundles  of  the  pyramidal  tracts  remain  on  the 
same  side  {Broivn  Sequard,  Charcot). 

Acquired  Movements. — Some  movements  performed  by  man  are  learned  only  after  much 
practice,  and  are  only  completely  brought  under  the  influence  of  the  will  after  a  "time,  such  as 
the  movements  of  the  hand  in  learning  a  trade.  Such  movements  are  reacquired  only  very 
slowly,  or  not  at  all,  after  injury  to  the  motor  areas  in  which  they  are  represented.  Those 
movements,  however,  which  the  body  performs  without  previous  training,  such  as  the  associated 
movements  of  the  eyeballs,  the  face,  and  some  of  those  of  the  legs,  are  rapidly  recovered  after 
such  an  injury,  or  they  suffer  but  little,  if  at  all.  Thus,  the  facial  muscles  seem  never  to  be  so 
completely  paralysed  after  a  lesion  of  the  facial  cortical  centre,  as  in  affections  of  the  trunk  of 
the  facial  nerve;  the  eye  especially  can  be  closed.  Sucking  movements  have  been  observed  in 
hemicephalous  fcetuses. 

Degeneration  of  the  Pyramidal  Tracts. — After  destruction  of  the  cortical 
motor  areas,  descending  degeneration  of  the  cortico-niotor  paths,  or  i^yramidal 
tracts,''  takes  place  (§  365).  Degenerative  changes  have  been  found  to  occur  within 
the  white  matter  under  the  cortex  in  the  anterior  two-thirds  of  the  posterior  segment 
of  the  internal  capsule,  [in  the  middle  third  of  the  crusta  {figs.  492,  *,  493,  L],  pons, 
in  the  anterior  pyramids  of  the  medulla  oblongata  (fig.  492),  and  thence  they  have 
been  traced  into  the  pyramidal  paths  (direct  and  crossed)  of  the  spinal  cord  {  Charcot, 
Singer).    It  is  evident  that  lesions  of  these  tracts  at  any  part  of  their  course  must 
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have  the  same  result,  viz.,  to  produce  hemiplegia.  (For  the  subsequent  effects,  see 
p.  649.)  In  a  case  of  congenital  absence  of  the  left  fore-arm,  Edinger  found  that 
the  right  central  convolutions  were  less  developed. 


Fig.  492.  Fig.  493. 

Fig.  492. — Secondary  descending  degeneration  in  middle  third  of  right  crus  and  medulla,  after 
destruction  of  the  cortical  motor  centres  on  the  right  side.  Fig.  493. — Horizontal  section 
of  the  cerebral  peduncle  in  secondary  degeneration  of  the  pyramidal  tracts,  where  the  lesion 
was  limited  to  the  middle  third  of  the  posterior  segment  of  the  internal  capsule.  F,  healthy 
crusta  ;  L,  locus  niger  ;  P,  internal  third  of  the  crusta  on  the  diseased  side  ;  D,  secondary 
degeneration  in  the  middle  third  of  the  crusta  ;  CQ,  corpora  quadrigemina  with  the  iter 
below  them. 

It  is  doubtful  if  the  muscular  sense  is  represented  in  the  motor  areas  ;  Nothnagel  supposes  it 
to  be  located  in  the  temporal  parietal  lobes.  It  is  to  be  noted,  liowever,  that  in  man  there  may 
be  general  loss  of  the  muscular  sense  or  of  motor  representations,  and,  on  the  other  hand,  a  pure 
motor  paralysis  without  loss  of  the  former. 

Ataxic  motor  conditions,  similar  to  those  that  occur  in  animals  (p.  700),  take  place  in  man, 
and  are  known  as  cerebral  ataxia. 

The  position  of  the  centres  is  given  at  p.  696. 

[But  we  may  have  localised  lesions  affecting  one  or  more  of  the  cortical  motor 
areas  ;  these  are  called  monoplegise.  Cases  in  man  are  now  sufficiently  numerous 
to  permit  of  accurate  diagnosis.]  Crural  monoplegia  [rare  lesions  recorded  in  the 
convolutions  at  the  upper  end  of  the  fissure  of  Rolando,  and  the  continuation  of 
this  area  on  to  the  paracentral  lobule  of  the  marginal  convolution], — brachio- 
crural,  more  common,  in  the  upper  and  middle  thirds  of  the  ascending  frontal  and 
ascending  parietal  convolutions— brachial,  braehio-facial — facial,  the  last  in  the 
lowest  part  of  the  central  convolutions. 

Paralysis  of  the  muscles  of  the  neck  and  throat  indicates  a  lesion  of  the  central  convolutions, 
and  so  does  paralysis  of  the  muscles  of  the  eye.  Lesions  of  the  cortex  always  cause  simultaneous 
movements  of  the  head  and  eyeballs. 

Irritation  of  the  Motor  Centres. — If  the  motor  centres  are  irritated  by  patho- 
logical processes,  such  as  hypertemia,  or  inflammation  in  a  syphilitic  diathesis — 
more  rarely  by  tumours,  tubercle,  cysts,  cicatrices,  fragments  of  bone — there  arise 
spasmodic  movements  in  the  corresponding  muscle-groups.  This  condition  of  a 
sudden  discharge  of  the  grey  matter  resulting  in  local  spasms  is  called  "  Jacksonian, 
or  cerebral  epilepsy." 

[Convulsions  and  spasms  may  be  discharged  from  motor  cortical  lesions,  and 
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these,  whether  they  affect  the  general  or  localised  areas,  give  rise  to  unilateral  con- 
volutions and  monospasm  respectively. 

Monospasm.— According  to  the  seat  of  the  spasm,  it  is  called  facial,  brachial,  crural  mono- 
spasm, &c.  Of  course  these  spasms  may  affect  several  groups  of  muscles.  _  Bartholow  and 
Sciam'anna  liave  stimulated  the  exjjosed  human  brain  successfully  with  electricity. 

Cerebral  Epilepsy. — Very  powerful  stimulation  of  one  side  may  give  rise  to 
Ul'tkral  spasms,  with  loss  of  consciousness.  In  this  case,  impulses  are  conducted 
to  the  other  hemisphere  by  commissural  fibres  (§  379). 

Movements  of  the  Eye.— Nothing  definite  is  known  regarding  the  centre  in  the  cortex  for 
voluntary  comhincd  movements  of  the  eyeballs  in  man.  In  paralytic  aftections  of  the  cortex  and 
of  the  paths  proceeding  fronr  it,  we  occasionally  find  both  eyes  with  a  lateral  deviation.  If  the 
paralytic  affection  lies  in  one  cerebral  hemisphere,  the  conjugate  deviation  of  the  eyeballs  is 
towards  the  sound  side  (p.  588).  If  it  is  situated  in  the  conducting  paths,  after  these  have 
decussated,  viz.,  in  the  pons,  the  eyes  are  turned  towards  the  paralysed  side  (Prevost). 

If  the  part  be  irritated  so  as  to  produce  spasms  in  the  opposite  half  of  the  body,  of  course  the 
eyes  are  turned  in  the  direction  opposite  to  that  in  pure  paralysis.  Instead  of  the  lateral 
deviation  of  the  eyeballs  already  described,  tliere  is  occasionally  in  cerebral  paralysis  merely  a 
weakening  of  the  lateral  recti  muscles,  so  that  during  rest  the  eyes  are  not  yet  turned  towards 
the  sound  side,  but  they  cannot  be  turned  strongly  towards  the  affected  side  {Leichtenstern, 
Eunnius).  The  centre  for  the  levator  palpebrre  superioris  appears  to  be  placed  in  the  angular 
gyrus  {Grassct,  Landouzy). 

II.  The  Centre  for  Speech. — The  investigations  of  Bouilland  [1825],  Dax 
[1836],  Broca  [1861],  Kussmaul,  Broadbent,  and  others  have  shown  that  the  third 
left  frontal  convolution  of  the  cerebrum  (figs.  484,  F3,  and  488)  is  of  essential 
importance  for  speech,  while  probably  the  island  of  Reil  also  is  concerned.  The 
island  is  deeply  placed,  and  is  seen  on  lifting  up  the  overhanging  part  of  the  brain 
called  the  operculum,  lying  between  the  two  branches  of  the  Sylvian  fissure  (S). 
The  motor  centres  for  the  organs  of  speech  (lips,  tongue)  lie  in  this  region,  and 
here  also  the  psychical  processes  in  the  act  of  speech  are  completed.  In  the  great 
majority  of  mankind,  the  centre  for  speech  is  located  in  the  left  hemisphere.  The 
fact  that  most  men  are  right-handed  also  points  to  a  finer  construction  of  the  motor 
ai)paratus  for  the  upper  extremity,  which  must  also  be  located  in  the  left  hemisphere. 
Men,  therefore,  with  pronounced  right-handedness  ("  droiters ")  are  evidently  left- 
hrained  ("gauchers  du  cerveau" — Broca).  By  far  the  greater  number  of  mankind 
are  "  left-brained  speakers "  {Kussmaul) ;  still  there  are  exceptions.  As  a  matter 
of  fact,  cases  have  been  observed  of  left-handed  persons  who  lost  their  power  of 
speech  after  a  lesion  of  the  7'ir/ht  hemisphere  (Ogle).  Investigations  on  the  brains 
of  remarkable  men  have  shown  that  in  them  the  third  frontal  convolution  is  more 
extensive  and  more  complex  than  in  men  of  a  lower  mental  calibre.  In  deaf-mutes 
it  is  very  simple  ;  microcephales  and  monkeys  possess  only  a  rudimentary  third 
frontal  (Riidinger). 

The  motor  tract  for  speech  passes  along  the  upper  edge  of  tlie  island'of  Kcil,  then  into  the 
substance  of  the  hemispheres  internal  to  the  posterior  edge  of  the  knee  of  the  internal  capsule  ; 
from  thence,  through  the  crusta  of  the  left  cerebral  peduncle  into  the  left  half  of  the  pons,' 
where  it  crosses,  then  into  the  medulla  oblongata,  which  is  the  place  where  all  the  motor  nerves 
(trigeminus,  facial,  hypoglossal,  vagus,  and  the  respiratory  nerves)  concerned  in  speech  arise. 
Total  destruction  of  these  paths,  therefore,  causes  total  aphasia  ;  while  partial  destruction 
causes  a  greater  or  less  disturbauce  of  the  mechanism  of  articulation,  which  has  been  called 
"anarthna"  by  Leyden  and  Wernicke. 

Conditions. — Three  activities  are  required  for  speech — (1)  the  normal  movement 
of  the  vocal  apparatus  (tongue,  lips,  mouth,  and  respiratory  apparatus) ;  (2)  a 
knowledge  of  the  signs  for  objects  and  ideas  (oral,  written  and  imitative  or  mimetic 
signs) ;  (3)  the  correct  union  of  both. 

Aphasia  (d  priv.  and  (/>acns  speech).— Injury  of  the  speech-centre  causes  either  a 
loss  or  more  or  less  considerable  disturbance  of  the  power  of  speech.  The  loss  of 
the  power  of  speech  is  called  ''aphasia:'  [Aphasia,  as  usually  understood,  means 
the  partial  or  complete  loss  of  the  power  of  articulate  speech  from  cerebral  causes,] 
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The  following  foims  of  aphasia  may  be  distinguished  :  — 

1.  Ataxic  aphasia  (or  the  oro-lingual  hemiparesis  of  Ferrier),  i.e.,  the  loss  of  speech  owing 
to  inability  to  execute  the  various  movements  of  the  mouth  necessary  for  .speech.  "Whenever 
such  a  person  attempts  to  speak,  he  merely  executes  inco-ordinated  grimaces  and  utters  inarti- 
culate sounds.  [The  muscles  concerned  in  articulation,  however,  are  not  paralysed,  but  there 
is  an  absence  of  co-ordination  of  these  muscles  due  to  disease  of  the  cortical  centre.  ]  Hence,  the 
patient  cannot  repeat  wliat  is  said  to  him.  Nevertheless,  the  2)sychkal  processes  necessary  for 
speech  are  completely  retained,  and  all  words  are  remembered  ;  and  hence,  these  persons  can 
still  give  expression  to  their  thoughts  graphically  or  by  writing.  If,  however,  the  finely 
adjusted  movements  necessary  for  writing  are  lost,  owing  to  an  affection  of  the  centre  for  the 
hand,  then  there  arises  at  the  same  time  the  condition  of  agraphia,  or  inability  to  execute  those 
movements  necessary  for  writing.  Such  a  person,  when  he  desires  to  express  his  ideas  in 
writing,  only  succeeds  in  making  a  few  unintelligible  scrawls  on  the  paper.  Occasionally  such 
patients  sutler  from  loss  of  the  power  of  imitation  or  the  execution  of  particular  movements  of 
the  limbs  and  body  constituting  pantomime  speech  or  aminiia  (Kussmaul). 

2.  Amnesic  Aphasia,  or  Loss  of  the  Memory  of  Words. — Should  the  patient,  however,  hear 
the  word,  its  significance  recurs  to  him.  The  movements  necessary  for  speech  remain  intact  ; 
hence,  such  a  patient  can  at  once  repeat  or  write  down  what  is  said  to  him.  Sometimes  only 
certain  kinds  of  words  are  forgotten,  or  it  may  be  even  only  parts  of  certain  words,  so  that  only 
part  of  these  words  is  spoken.  [Nouns  and  proper  names  usually  go  first.]  Cases  of  amnesic 
aphasia,  or  the  mixed  ataxic-amnesic  form  of  disturbance  of  speech,  point  to  a  lesion  of  the 
third  frontal  convolution  and  of  the  island  of  Reil  on  the  left  side.  Another  form  of  amnesic 
aphasia  consists  in  this,  that  the  words  remain  in  one's  memory  but  do  not  come  when  they 
are  wanted,  i.e.,  the  association  between  the  idea  and  the  proper  word  to  give  expression  to  it 
is  inhibited  (Kussmaul).  It  is  common  for  old  people  to  forget  the  names  of  persons  or  proper 
names  ;  indeed,  such  a  phenomenon  is  common  within  physiological  limits,  and  it  may  ulti- 
mately pass  into  the  pathological  condition  of  amnesia  senilis.  Amongst  the  disturbances  of 
speech  of  cerebral  origin,  Kussmaul  reckons  the  following  : — 

3.  Paraphasia,  or  the  inability  to  connect  rightly  the  ideas  with  the  proper  words  to  express 
these  ideas,  so  that,  instead  of  giving  expression  to  the  proper  ideas,  the  sense  may  be  inverted, 
or  the  form  of  words  may  be  unintelligible.  It  is  as  if  the  person  were  continually  making  a 
"slip  of  the  tongue." 

4.  Agrammatism  and  ataxaphasia,  or  the  inability  to  form  the  words  gi'ammatically  and  to 
arrange  them  syntheticallj'  into  sentences.    Besides  these,  there  is — 

5.  A  pathological  slow  way  of  speaking  (bradyphasia),  or  a  pathological  and  stuttering  way 
of  reading  (tumultus  sermonis),  both  conditions  being  due  to  derangement  of  the  cortex 
(Kussmaul).  The  disturbances  of  speech  depending  essentially  uijou  affections  of  the  iyeri2)heral 
nerves,  or  of  the  mu.scles  of  the  organs  of  the  voice  and  speech,  are  alreadj'  referred  to  in 
§§  319,  349,  and  354. 

[In  word-blindness,  the  person  cannot  name  a  letter  or  a  word,  so  that  he  can- 
not understand  symbols,  such  as  printed  or  written  words,  or  it  may  be  any  familiar 
object,  although  he  can 
see  quite  well,  while  he 
can  speak  fluently  and 
write  correctly.] 

[In  word-deafness, 
the  person  hears  other 
sounds  and  is  not  deaf, 
but  he  does  not  hear 
words.] 

[The  study  of  aphasia 
in  its  various  forms  is 
simplified  by  a  study  of 
the  mode  of  acquisition  of 
language  by  a  child.  The 
child  hears  spoken  words 
and  obtains  auditory  me- 
mories or  impressions  of 
these  sounds  (called  by 

the  starting-point  o{  language,  aud  by  and  by  it  begins  to  co-ordinate  its  muscles  to  prO' 
duce  sounds  imitative  of  these.  Thus  we  have  two  centres,  one  for  "auditory  images' 
(fig.  494,  A),  and  the  other  for  "motor  images"  (fig.  494,  M),  and  these  two  must  be  con- 
nected, thus  establishing  a  reflex  arc.    There  is  a  receptive  and  an  emissive  department  as 


Fig.  494.  Fig.  495. 

Figs.  494,  495. — Schemes  of  apha.sia.   A,  centre  for  auditory  images; 
for  motor  images;  B,  perception  centre;  Oc,  eye;  E,  reading 


M, 


centre  ;  1  to  7,  lesions  (Lichthcim). 
Lichtheim  "auditory  word-representations") 


and  this  must  form 


712 


APHASIA. 


re}iresented  in  the  scheme.  We  must  assume  the  existence  of  a  hi.chei-  centre  (B),  "in  which 
concepts  are  elaborated,"  where  these  sounds  become  intelligible.  Volitional  language  requires 
a  connection  between  B  and  M,  as  well  as  between  A  and  M.  But  we  have  also  reading  and 
writing.  Suppose  O  to  represent  a  centre  for  visual  impressions  (printed  words  or  writing)  : 
these  we  can  understand  through  the  connection  between  such  visual  impressions  and  auditory 
impressions,  whereby  a  path  is  established  through  OA  (fig.  495).  In  reading  aloud,  however, 
the  oro-lingual  muscles  must  be  co-ordinated,  so  we  have  the  path  OAil  opened  up.  In 
writing,  or  copying  written  characters,  the  movements  of  the  hand  are  special,  and  ]ierhaps 
require  a  special  centre,  or  at  least  a  special  arrangement  of  the  channels  for  impulses  in  the 
centre  ;  the  movements  are  learned  under  the  guidance  of  ocular  impressions,  so  we  connect  O 
and  E,  E  being  the  centre  guiding  the  movements  in  writing.  As  to  volitional  writing,  the 
impulse  passes  through  M — but  does  it  pass  directly  to  E,  or  indirectly  through  A  ?  Lichtheim 
assumes  that  it  goes  direct  from  M  to  E.  It  is  evident  that  there  are  seven  channels  which 
may  be  interrupted,  each  one  giving  rise  to  a  difl'erent  form  of  aphasia  (1  to  7).] 

[Looked  at  from  another  point  of  view,  either  the  ingoing  (a)  or  outgoing  (m)  channels  or 
centi-es,  or  the  commissural  fibres  between  both,  may  be  affected.  If  the  motor  centre  is 
affected,  we  have  "Wernicke's  "  motor  aphasia"  ;  if  the  sensory,  his  "sensory  aphasia."] 

[In  the  most  common  form,  or  ataxic  aphasia  {Kussiiund),  which  was  that  described  by 
Broca,  or  the  "  motor  aphasia"  of  Wernicke,  the  lesion  is  in  fig.  494,  in  M,  i.e..  in  the  motor, 
or  what  Ross  calls  the  emissive  department.  In  such  a  case,  it  is  obvious  that  there  will  be 
loss  of  (I)  volitional  speech,  (2)  repetition  of  words,  (3)  reading  aloud,  (4)  volitional  writing, 
and  (5)  writing  to  dictation  ;  while  there  will  exist  {a)  understanding  of  spoken  words,  {h)  also 

of  written  words,  (c)  ancl  the  faculty  of  copying. 
If  the  lesion  be  in  A,  we  have  the  "sensorial  aphasia" 
of  Wernicke,  i.e.,  in  the  acoustic  word-centre;  we 
find  loss  of  (1)  understanding  of  spoken  language, 
(2)  also  of  written  language,  (3)  faculty  of  repeating 
words,  (4)  and  of  writing  to  dictation,  (5)  and  of 
reading  aloud  ;  there  will  exist  {a)  the  faculty  of 
writing,  {b)  of  copying  words,  and  (c)  of  volitional 
speech,  but  the  ■volitional  speech  is  imperfect,  the 
wrong  word  being  often  used,  so  that  there  is  the 
condition  of  f"  paraphasia."  If  the  connection  be- 
tween A  and  M  be  destroyed,  other  results  will 
follow,  and  such  cases  of  "commissural"  aphasia 
have  been  described  by  Wernicke.  If  the  interrup- 
tion be  between  B  and  M,  we  have  a  not  uncommon 
variety  of  motor  aphasia  (4),  where  there  is  loss  of 
(1)  volitional  speech,  and  (2)  volitional  writing,  and 
there  exist  (a)  understanding  of  spoken  language,  {h) 
of  written  language,  (c)  and  the  faculty  of  copying; 
but  it  differs  from  Broca's  aphasia  in  that  there  also 
exists  the  faculty  {d)  of  repeating  words,  (c)  of  writ- 
ing to  dictation,  (J),  and  of  reading  aloud.  If  the 
lesion  is  in  Mm  (5),  the  symptoms  will  be  those  of 
Broca's  aphasia,  but  there  will  exist  (1)  the  faculty  of 
volitional  writing,  and  (2)  of  writing  to  dictation. 
Many  examples  of  this  occur  where  patients  have 
lost  the  faculty  of  speaking,  but  can  express  their 
thoughts  in  writing.  In  lesions  of  the  path  AB  (6), 
there  will  be  loss  of  (1)  understanding  of  spoken 
language,  and  (2)  of  written  language,  and  there  will 
exist  {a)  volitional  speech  (but  it  will  be  para- 
phasic),  {h)  volitional  writing  (but  it  will  have  the 
characters  of  paragraphia),  (r)  the  faculty  of  repeat- 

1,^  ,        .  ,  ing  words,  (f?)  reading  aloud,  (c)  writing  to  dictation, 

and  (/)  power  of  copying  words.  The  person  will  be  quite  unable  to  understand  what  he 
repeats,  reads  aloud,  or  copies.  ] 

[Fig.  496  shows  diagrammatically  the  conditions  in  motor  and  sensory  aphasia  From 
the  eye  and  ear  centripetal  fibres  (v  and  a)  ascend  to  terminate  in  the  visual  (Y)  and  auditory 
centres  (A),  in  the  cortex,  while  afferent  fibres  (s,  s',  s"),  indicated  by  dotted  lines  also  pass 
from  the  articulations,  muscles  of  the  hand,  and  orbit  to  the  cerebrum.  The  dotted  lines  on  the 
surface  of  the  cortex  represent  the  association  system  of  fibres  which  connects  the  centres 


Fig.  496. 


with  each  other.    The  centres  for  vocal  (V)  and  written  expression  (\\0^are7onnVcTwrby  centrT- 
fii"al  fibres,  m  and  m',  with  the  hand  and  larynx  respectively  {Ross)  ]  i 
III.  The  thermal  centre  for  the  extremities  is  associated  with  the  motor  areas  (§  377)  Injury 


larynx  respectively  {Ross).} 

,  ,   ities  is  associated  with  the  m^t^i  aicrt«  ISO/ /I.  inn 

or  degeneration  of  these  areas  causes  inequality  of  the  temperature  on  both  sides  (Wiemt'). 


THE  AUDITORY,  GUSTATORY,  AND  OLFACTORY  CENTRES. 


IV.  The  sensory  regions  are  those  areas  in  which  conscious  perceptions  of 
the  sensory  impressions  are  accomplished.  Perhaps  they  are  the  substratum  of 
sensory  perceptions,  and  of  the  memory  of  sensory  impressions. 

1.  The  visual  centre,  according  to  Munk,  includes  the  occipital  lobes  (fig.  484, 
0^,  0-,  O  '),  while,  according  to  Ferrier,  it  also  includes  the  angular  gyrus.  Huguenin 
observed,  in  a  case  of  long-standing  blindness,  consecutive  disappearance  of  the 
occipital  convolutions  on  both  sides  of  the  parieto-occipital  fissure,  while  Giovanardi, 
in  a  case  of  congenital  absence  of  the  eyes,  observed  atrophy  of  the  occipital  lobes, 
which  were  separated  by  a  deep  furrow  from  the  rest  of  the  brain.  Stimulation  of 
the  centre  gives  rise  to  the  phenomena  of  light  and  colour.  Injury  causes  disturb- 
ance of  vision,  especially  hemiopia  of  the  same  side  (§  344—  Westphal).  When 
one  centre  is  the  seat  of  irritation,  there  is  photopsia  of  the  same  halves  of  both 
eyes  {Charcot).  Stimulation  of  both  centres  causes  the  occurrence  of  the  phenomena 
of  light  or  colour,  or  visual  hallucinations  in  the  entire  field  of  vision.  Cases  of 
injury  to  the  brain,  where  the  sensations  of  light  and  space  are  quite  intact,  and 
where  the  colour  sense  alone  is  abolished,  seem  to  indicate  that  the  colour  sense 
centre  must  be  specially  localised  in  the  visual  centre  {Samehohn).  After  injury  of 
certain  parts,  especially  of  the  lower  parietal  lobe,  %)&ycldc(il  Uindness  "  may  occur. 
A  special  form  of  this  condition  is  known  as  "  word-blindness "  or  alexia 
(Coecitas  verbalis),  which  consists  in  this  that  the  patient  is  no  longer  able  to 
recognise  ordinary  written  or  printed  characters  (p.  711). 

Charcot  records  an  interesting  case  of  psj^chical  blindness.  After  a  violent  paroxysm  of  rage, 
an  intelligent  man  suddenly  lost  the  memory  of  visual  impressions  ;  all  objects  (persons,  streets, 
houses)  which  were  well  known  to  him  appeared  to  be  quite  strange,  so  that  he  did  not  even 
recognise  himself  in  a  mirror.    Visual  perceptions  were  entirely  absent  from  his  dreams. 

Clinical  observations  on  hemianopia  (§  344)  show  that  the  field  of  vision  of  each  eye  is 
divided  into  a  larger  outer  and  a  smaller  inner  portion,  separated  from  each  other  by  a  vertical 
line  passing  through  the  macula  lutea.  Each  right  or  left  half  of  both  visual  fields  is  related 
to  one  hemisphere  ;  both  left  halves  are  projected  upon  the  left  occipital  lobes,  and  both  right 
upon  the  right  occipital  lobes  (fig.  487).  Thus,  in  binocular  vision,  every  picture  (when  not 
too  small)  must  be  seen  in  two  halves  ;  the  left  half  by  the  left,  the  right  half  by  the  right 
hemisphere  (^Fcrvtic^-c). 

As  a  result  of  pathological  stimulation  of  the  visual  centre,  especially  in  the  insane,  visual 
spectres  may  be  produced.  Pick  observed  a  case  where  the  hallucinations  were  confined  to  the 
right  eye.  Celebrated  examples  of  ocular  spectra  occurred  in  Cardanus,  Swedenborg,  Nicolai, 
J.  Kerner,  and  Hulderlin. 

After  degeneration  of  the  cortical  centre,  the  fibres  which  connect  the  occipital  lobes  with  the 
external  geniculate  body,  the  anterior  corpora  quadrigemina,  pulvinar,  these  structures  them- 
selves, and  the  origin  of  the  optic  tract  undergo  degeneration  {v.  Monakow). 

2.  The  auditory  centre  lies  on  both  sides  (crossed)  in  the  temporo-sphenoidal 
lobes  [according  to  Ferrier  in  the  superior  temporal  convolution] ;  when  it  is  com- 
pletely removed,  deafness  results,  while  partial  (left  side)  injury  causes  psychical 
deafness.  [See  p.  704  for  contradictory  results.]  Amongst  the  phenomena  caused 
by  partial  injury  is  surditm  verhalis  (word-deafness),  which  may  occur  alone  or  in 
conjunction  with  coecitas  verbalis.  Wernicke  found  in  all  cases  of  word-deafness 
softening  of  the  first  left  temporo-sphenoidal  convolution  (p.  704).  In  left-handed 
persons,  the  centre  lies  perhaps  in  the  right  temporo-sphenoidal  lobes  ( Westphal). 

Clinical. — We  may  refer  word-blindness  and  word-deafness  to  the  aphataxic  group  of  diseases, 
in  so  far  as  they  resemble  the  amnesic  form.  A  person  word-blind  or  word-deaf  resembles  one 
who  in  early  youth  has  learned  a  foreign  tongue,  which  he  has  completely  forgotten  at  a  later 
period.  He  hears  or  reads  the  words  and  written  characters  ;  he  can  even  repeat  or  write  the 
words,  but  he  has  completely  lost  the  significance  of  the  signs.  "While  an  amnesic  aphasic 
person  has  only  lost  the  key  to  open  his  vocal  treasure,  in  a  person  who  is  word-blind  or  word- 
deaf  even  this  is  gone.  From  a  case  of  recovery  it  is  known  that  to  the  patient  the  words  sound 
like  a  confused  noise.  Huguenin  found  atrophy  of  the  temporo-sphenoidal  lobes  after  long- 
continued  deafness. 

3.  Gustatory  and  Olfactory  Centre. — In  the  uncinate  gyrus  on  the  inner  side 
of  the  temporo-sphenoidal  lobe  (especially  on  the  inner  side  of  that  marked  U  in 
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fig.  4t<0),  Ferrier  locates  the  joint  centres  for  smell  and  taste.  These  two  centres 
do  not  seem  to  be  distinct  locally  from  each  other. 

4.  Tactile  Areas. —According  to  Tripier  and  others,  all  the  tactile  cerebral 
fields  from  different  parts  of  the  body  coincide  with  the  motor  cortical  centres  for 
these  parts  [compare  p.  7051. 

Occasionally,  in  epileiitics,  strong  stimulation  of  the  sensory  centres,  as  expressed  in  the 
excessive  subjective  sensations,  accompanies  the  spasmodic  attacks  (compare  §  393,  12).  Such 
epileptiform  hallucinations,  however,  occur  without  s[)asms,  and  are  accompanied  only  by  dis- 
turbances of  consciousness  of  very  short  duration  {Bcrgcr). 

Course  of  the  Sensory  Paths. — The  nerve-fibres  which  conduct  impulses  from  the 

sensory  organs  to  the  sensory  cortical  centres  pass  through  the  j^osterior  third  of  the 

posterior  limb  of  the  iniermd  capmle  between  the  optic  thalamus  and  the  lenticular 

nucleus  (fig.  500,  S).    Hence;  section  of  this  part  of  the  internal  capsule  causes 

hemianaesthesia  of  the  opposite  half  of  the  body  (Charcot).     In  such  a  case, 

sensory  functions  are  abolished — only  the  viscera  retaining  their  sensibility.  There 

may  also  be  loss  of  hearing,  smell,  and  taste, — and  hemiopia  {Bechtereiv). 

Pathological. — In  cases  where  there  is  more  or  less  injury  or  degeneration  of  these  paths, 
there  is  a  corresponding  greater  or  less  pronounced  loss  of  the  pressure  and  temperature  sense, 
of  the  cutaneous  and  muscular  sensibility,  of  taste,  smell,  and  hearing.  The  eye  is  rarely  quite 
blind,  but  the  sharpness  of  vision  is  interfered  with,  the  field  of  vision  is  narrowed,  while  the 
colour  sense  may  be  partially  or  completely  lost.  The  eye  on  the  same  side  may  sutler  to  a 
slight  extent. 

V.  Numerous  cases  of  injury  of  the  anterior  frontal  region,  without  interference 
with  motor  or  sensory  functions,  have  been  collected  by  Charcot,  Ferrier,  and 

others.  On  the  other  hand,  en- 
feeblement  of  the  intelligence 
and  idiocy  are  often  observed  in 
acquired  or  congenital  defects  of 
the  prefrontal  region.  In  highly 
intellectual  men,  Kiidinger  found 
in  addition  a  considerable  de- 
velopment of  the  temporo-sphe- 
noidal  lobe.  According  to 
Flechsig,  there  is  no  doubt  that 
the  frontal  lobes  and  the  tem- 
poro-occipital  zone  are  related 
to  intellectual  processes,  more 
especially  the  "  higher"  of  these. 

Topogiaphy  of  the  Brain. — The 
relations  of  the  chief  fissures  and  con- 
volutions of  the  brain  to  the  surface 
of  the  skull  are  given  in  fig.  484, 
the  brain  being  represented  after 
Ecker.  [Turner  and  others  have 
given  minute  directions  for  finding 
the  position  of  the  different  con- 
volutions by  reference  to  the  sutures 
and  other  prominent  parts  of  the 
skull.  The  annexed  diagram  by 
R.  W.  Reid  shows  the  relation  of 

Relation  of  the  fissures  and  convolutions  to  the  surface  of  {in'es?fi"JlSn  f  "''"'^ 

■      '     .",,1    ,•'    .1        ,       ,  ,     ,  ,  tamed  by  measuring  on  the  scalp  K 

m  the  middle  line  the  distance  between  the  glabella  and  the  external  occipital  protuberance  or 
the  inion,  which,  in  ordinary  heads,  varies  from  11  to  13  inches  (fig.  499).  Measured  from 
before  backwards,  along  this  line,  the  distance  from  the  glabella  to  the  top  of  the  fissure  is  557 
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per  cent,  of  the  length  of  the  whole  line.    The  direction  of 
wards,  and  the  long  axis  of  the  fissure  forms,  with  the 
the  ancle  openintr  forward 


average  length  is  32 


opening  torwanls.  Its 
inches.] 

[The  fissure  of  Slyviiis  is  found 
by  drawing  a  line  from  the  ex- 
ternal angular  process  of  the  frontal 
bone  backwarils  to  the  occipital 
protuberance,  taking  the  nearest 
route  between  these  two  points. 
A  point,  1^-  inch  backwards  from 
the  angular  process  along  this  line, 
marks  the  origin  of  the  fissure  ; 
while  a  straight  line  drawn  to  the 
centre  of  the  parietal  eminence 
marks  the  course  of  its  posterior 
limb.  The  parieto-occipital  fissure 
will  be  two  inches  behind  the  upper 
end  of  the  Rolandic  fissure  {A.  JF. 
Hare). 

[Corpus  Callosum.  —It  is  usually 
stated   that  the  corpus  callosum 
connects  the  convolutions  of  one 
side  of  the  brain  with  those  on  the 
other,  i.e.,  that  it  is  an  inter- 
hemispherical  commissure.     D.  J. 
Hamilton,  however,  is  of  opinion 
that  it  is  not  an  inter-hemispheric 
commissure,  but  is  due  to  cortical 
fibres    coming    from  the  cortex 
cerebri  to  be  connected  w'ith  the 
basal  ganglia  of  the  opposite  side. 
On  this  view,  the  "corona  radiata," 
as  usually  understood,  consists  only 
of  the  fibres  which  pass  from  the 
cerebral  peduncle  directly  up  to  the 
cortex  on  the  same  side,  and  are 
contained  in  the  posterior  division 
and  knee  of  the  internal  capsule. 
They   correspond    to    the  motor 
pyramidal  tracts.   Hamilton  main- 
tains that  all  the  other  fibres  of 
the  internal  capsule  pass  into  the 
crossed  callosal  tract,  and,  instead 
of  running  directly  up  to  the  cortex 
on  the  same  side,  cross  in  the 
corpus  callosum  to  the  cortex  of 
the  opposite  side.    Beevor,  relying 
on  the  examination  of  the  brain  of 
monkeys,  by   Weigert's  metliod, 
denies  that  any  fibres  of  the  corpus 
callosum  pass  into  the  external  or 
internal  capsules,  and  he  supports  Fi; 
the  old  view  that  tlie  corpus  cal- 
losum is  a  commissure  between  the 
two  hemispheres.] 

Erb  observed  a  case  of  its  almost 
complete  destruction  without  any 
considerable  effect  on  motility, 
co-ordination,  sensibility,  ireflexes, 
senses,  speech,  or  any  marked  im- 
pairment of  intelligence. 


the  fissure  is  downwards  ami  foi  - 
average  mesial  line,  an  angle  of  67", 


Fig. 


499. 


498. — The  fissures  of  Rolando  and  Sylvius  are  marked 
as  broad  dark  lines.  The  shaded  circles  mark  approxi- 
mately the  motor  areas.    1,  lower  extremity;  2,  3,  4,  5,  6, 

9,  10,  11,  oro- 


and  a,  b,  c,  d,  upper  extremity 

lingual  muscles  {A.  IV.  Hare).  Fi^.  499.— Head,  skull, 
and  cerebral  fissures.  OPr,  occipital  protuberance  ;  EAP, 
external  angular  process  ;  SF,  Sylvian  fissure  ;  A,  its 
ascending  limb  ;  FR,  fissure  of  Rolando  ;  PE,  parietal 
eminence  ;  MiMA,  middle  meningeal  artery  ;  TS,  tip  of 
temporo-sphenoidal  lobe ;  B,  Broca's  convolution ;  IF, 
inferior  frontal  sulcus ;  POF,  parieto-occipital  fissure ; 
IPF,  intra-parietal  sulcus  {A.  W.  Hare). 


379.  BASAL  GANGLIA 
— MID  BRAIN'. — [The  corpus  striatum  consists  of  two  parts,  an  intra-veutricular 
portion  projecting  into  the  lateral  ventricle,  the  caudate  nucleus,  and  an  extra- 
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ventricular  portion,  the  lenticular  nucleus.  Between  the  head  of  the  caudate 
nucleus  internally,  and  the  lenticular  nucleus  externally,  lies  the  anterior  division 
of  the  internal  capsule.  The  fibres  which  pass  between  these  ganglia  do  not 
seem  to  form  connections  with  them.  The  expanded  head  of  the  caudate  nucleus 
is  in  front,  and  lies  inside  and  around  the  front,  of  the  lenticular  nucleus,  with 
which  and  the  anterior  perforated  space  it  is  continuous  ;  it  sweeps  backwards 
into  a  tailed  extremity,  which  nearly  surrounds  the  lenticular  nucleus  like  a  loop. 
The  lenticular  nucleus  is  biconvex  in  a  horizontal  section,  but  triangular  and 
subdivided  into  three  divisions  when  seen  in  a  vertical  section  (fig.  501).  The 
older  observations  on  the  corpora  striata  in  man  may  be  dismissed,  as  a  distinction 
was  not  drawn  between  injury  to  its  two  parts  on  the  one  hand  and  the  internal 
capsule  on  the  other.] 

[The  caudate  nucleus  and  lenticular  nucleus  in  their  development  are  co- 
ordinate with  the  development  of  the  cortex  cerebri.  Electrical  stimulation  of 
these  ganglia  causes  general  muscular  contractions  in  the  opposite  half  of  the  body, 
which  are  due  to  simultaneous  stimulation  of  the  neighbouring  cortico-muscular 
paths.  The  same  result  is  obtained  as  if  all  the  motor  cortical  centres  were  stimu- 
lated simultaneously.] 

Gliky  did  not  observe  movements  on  stimulating  the  corpus  striatmn  in  rabbits  ;  it  would 
seem  that,  in  these  animals  the  motor  paths  do  not  traverse  these  ganglia,  but  merely  pass  along- 
side of  them. 

[Lesions  of  the  lenticular  nucleus  or  of  the  caudate  nucleus  do  not  seem  to  give 
rise  to  any  permanent  symptoms,  provided  the  internal  capsule  be  not  injured.] 
Destruction  of  the  internal  capsule,  however,  causes  paralysis  of  motion  or 
sensibility,  or  both,  on  the  opposite  side  of  the  body,  according  to  the  part  of  it 
which  is  injured.  The  corpus  striatum  is  quite  insensible  to  painful  stimulation 
[Longet). 

Pathological. — In  man,  a  lesion,  not  too  small,  destroying  the  anterior  part  of  the  corpus 
striatum  is  followed  by  permanent  paralysis  of  the  opposite  side,  provided  the  internal  capsule 
is  injured,  but  the  paralysis  gradually  disappears,  if  the  lenticular  and  caudate  nucleus  only  are 
affected  (compare  §  36.5).  Sometimes  there  is  dilatation  of  the  blood-vessels  in  consequence  of 
vaso-motor  paralysis  (§  377)  if  ^the  posterior  part  is  injured  [Notlinacjcl)  ;  redness  and  a  slightly 
increased  temperature  of  the  paralysed  extremities,  at  least  for  a  certain  time  ;  swelling  or 
redema  of  the  extremities  ;  sweating  ;  anomalies  of  the  pulse  detectable  by  the  sphygmograph  ; 
decubitus  acutus  on  the  paralysed  side  ;  abnormalities  of  the  nails,  hair,  skin  ;  acute  inflamma- 
tions of  joints,  especially  of  the  shoulder.  Later,  contracture  or  permanent  contraction  of  the 
paralj'sed  muscles  takes  place  {Hiigucnin,  Charcot).  In  some  cases  there  is  cutaneous  anaesthesia, 
and  occasionally  enfeeblement  of  the  sense-organs  of  the  paralysed  side,  and  both  when  the 
posterior  third  or  sensory  crossway  of  the  posterior  section  of  the  internal  capsule  is  affected. 
Usually,  however,  hemiplegia  and  hemianccsthesia  occur  together. 

Optic  Thalamus. — Ferrier  did  not  observe  any  movements  on  stimulating  the 
optic  thalami  with  electricity.  As  the  pulvinar,  or  posterior  extremity  of  the  optic 
thalamus,  is  in  part  the  origin  of  the  optic  nerve,  and  is  also  connected  by  fibres 
Avith  the  cortex  cerebri,  it  is  probably  related  to  the  sense  of  sight.  Injury  to  its 
posterior  third  in  man,  results  in  disturbance  of  vision  (Nothnagel).  Ferrier 
surmises  that  the  sensory  fibres  pass  through  the  optic  thalami  on  their  way  to  the 
cortex,  so  that  when  they  are  destroyed,  insensibility  of  the  opposite  half  of  the 
body  is  produced.  Eemoval  of  the  optic  thalamus,  or  destruction  of  the  part  in 
the  neighbourhood  of  the  inspiratory  centre  in  the  wall  of  the  third  ventricle, 
influences  the  co-ordinated  movements  in  the  rabbit  {Chrisiiani). 

We  know  very  little  definitely  as  to  the  functions  of  these  organs.  After  injury  to  one 
thalamus,  there  has  been  observed  enfeeblement  or  paralysis  of  the  muscles  of  the  opposite  side, 
together  with  mouvements  de  manege  ;  and  sometimes  hemianfesthesia  of  the  opposite  side[ 
with  or  without  affections  of  the  motor  areas,  have  been  recorded.  Extirpation  of  certain 
cortical  areas  (rabbit)  is  ibllowed  by  atrophy  of  certain  parts  of  the  thalamus  {v.  Monakoio). 

[Internal  Capsule. — In  connection  with  the  functions  of  the  basal  ganglia,  it  is 
most  important  to  remember  their  relation  to  the  internal  capsule.    The  corpus 
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striatum  consists  of  an  intra-ventricular  part,  the  caudate  micleus ;  and  an  extra- 
ventricular  part,  the  lenticular  nucleus.  The  lenticular  nucleus  consists  of  three 
parts,  best  seen  in  a  vertical  section  (fig.  501,  1,  2,  3),  with  white  matter  between 
them,  the  striae  meduUares.    The  anterior  limb  of  the  internal  capsule  sweeps 
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Fig.  500. 

Human  brain,  with  the  liemisphere.s  removed  by  a  horizontal  incision  on  the  right  side.  4, 
trochlear  ;  8,  acoustic  nerve  ;  6,  origin  of  the  abducens  ;  F,  A,  L,  position  of  the  pyramidal 
(motor)  libres  for  the  face,  arm,  and  leg  ;  S,  sensory  fibres. 

between  the  caudate  and  lenticular  nucleus,  while  the  posterior  segment  lies  between 
the  optic  thalamus  and  the  lenticular  nucleus  (fig.  500).  External  to  the  first 
division  of  the  lenticular  nucleus  is  the  external  capsule  (figs.  500,  501),  whose 
function  is  unknown.    External  to  this  is  the  claustrum,  whose  function  is  also 
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unknown  It  is  evident  that  hiemorrhage  into  or  about  the  basal  ganglia  is  apt 
to  involve  the  fibres  of  the  internal  capsule.  [When  the  lenticulo-striate  artery, 
or  as  it  is  called  the  "artery  of  haemorrhage,"  ruptures  (tig.  490,  aSL),  it  may  not 
only  destoy  the  lenticular  nucleus,  but  the  internal  capsule  will  oe  compressed  ; 
and  the  same  is  the  case  with  the  lenticulo-optic  artery— the  external  capsule  will 
tend  to  force  the  blood  inwards.  We  know  that,  in  the  posterior  segment  of  the 
capsule,  the  volitional  or  pyramidal  fibres  lie  in  the  following  order  from  before 
backwards— those  for  the  face  (and  tongue)  in  the  knee,  in  the  anterior  third 
tho^e  for  the  arm  and  hand,  and  in  the  middle  third  for  the  leg,  and  perhaps  behind 
these  those  for  the  trunk  (fig.  500,  F,  A,  L),  so  that  a  very  small  lesion  m  this 
region  will  affect  a  large  number  of  these  fibres,  converging  as  they  do  like  the 
rays  of  a  fan  from  the  motor  cortical  areas,  where  the  arrangement  of  these  centres 
is  a  supero-inferior  one  (fig.  488),  to  become  an  antero-posterior  one  in  the  knee 

and  posterior  limb  of  the 
internal  capsule  (fig.  500). 
The  posterior  third  of  this 
limb  is  sensory  and  is  the 
"sensory  crossway."] 

[Horsley  points  out  that  ha;- 
morrhage  from  the  lenticulo- 
striate  artery  affects  in  order  the 
muscles  of  the  face,  arm,  lej;,  and 
trunk,  while  recovery  is  in  the 
inverse  order.] 

[The  crura  cerebri  (fig. 
461,  P),  or  cerebral  pe- 
duncles, are  two  thick 
strands  as  they  emerge 
above  the  pons,  and  as  they 
are  much  larger  than  the 
pyramidal  tracts,  they  must 
receive  many  fibres  within 
the  pons.  A  transverse  sec- 
tion (fig.  502)  shows  that, 
on  them  posteriorly  and  con- 
necting them,  are  the  cor- 
pora quadrigemina  (CQ). 
The  crus  proper  is  divided 
by  the  substantia  nigra  (SN) 
into  a  lower  part,  the  cmsta 
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Fig.  501. 

Frontal  section  through  the  right  cerebral  hemisphere  in  front 
of  the  soft  commissure  (posterior  surface  of  the  section). 


or  basis,  and  an  upper  part,  or  tegmentum.  The  crusta  is  composed  of  ascending 
and  descending  nerve-fibres ;  but  the  tegmentum,  in  addition  to  many  nerve-fibres, 
contains  much  grey  matter  with  nerve-cells.  Near  the  middle  is  the  "  red  nucleus  " 
or  "  tegmental  nucleus  "  (RN).  Outside  this  is  the  fillet  (F),  a  well-defined  bundle 
of  nerve-fibres  running  upwards  from  the  pons.  Above  the  nucleus,  near  the  middle 
line,  is  the  "  posterior  longitudinal  bundle  "  (p.  1.  b.),  which  is  triangular  in  section. 
Above  the  tegmentum  lie  many  nerve-cells,  the  origin  of  the  third  nerve  (III),  and 
arranged  around  the  iter  is  much  grey  matter.] 

Injury  to  one  cerebral  peduncle  causes,  in  the  first  place,  violent  pain  and  spasm 
of  the  opposite  side,  while  the  blood-vessels  on  that  side  contract,  and  the  salivary 
glands  secrete.  These  phenomena  of  irritation  are  followed  by  paralytic  symptoms 
of  the  opposite  side,  viz.,  an-aesthesia  (§  365)  and  paresis,  or  incomplete  voluntary 
control  over  the  muscles,  as  well  as  paralysis  of  the  vaso-motor  nerves.  In 
affections  of  the  cerebral  peduncle  in  man,  we  must  remember  the  relation  of 
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the  oculomotoiius  to  it,  as  the  latter  is  often  paralysed  on  the  mme  side  [while 
the  extremities,  tongue,  and  half  the  face  are  paralysed  on  the  opposite  side  from 
the  lesion]. 

The  middle  third  of  tlie  cruBta  of  the  cerebral  peduncle  (fif;.  502)  includes  the  direct  pyrauiidal 
tracts  (§§  365,  378).  The  fibres  of  the  inner  third  connect  the  frontal  lobes  with  the  cerebellum 
through  the  superior  cerebellar  jieduncles.  In  the 
outer  third  are  fibres  which  connect  the  pons  with 
the  temporal  and  occipital  cerebral  lobes  {Flcch- 
sicj).  The  fibres  which  pass  from  the  tegmentum 
into  the  corona  radiata  conduct  sensory  imi)ulses 
{Flechsig). 

[The  pons  varolii  contains  ascending  and 
descending  fibres,  as  well  as  transverse  ones, 
and,  in  addition,  the  continuation  upwards 
of  grey  matter  from  the  medulla,  special 
masses  of  grey  matter,  and  the  nuclei  of 
certain  cranial  nerves.  Its  appearance  in 
section  necessarily  varies  with  the  region 


where  the  section  is  made.  Fig.  503  is 
a  transverse  section  through  part  of  the 
seventh  nerve.  The  lower  part  shows  the 
superficial  (s.t.f.)  and  deep  (d.t.f.)  trans- 
verse fibres,  with  the  pyramidal  fibres  (Py) 
between  them.] 

Stimulation  or  section  of  the  pons  causes 
pain  and  spasms ;  after  the  section,  there 
may  be  sensory,  motor,  and  vaso-motor 


Fig.  502. 

Scheme  of  transverse  section  of  the  cerebral 
peduncles.  CQ,  corpora  qiiadrigemina  ;  A(j, 
aqueduct ;  p.l.b.,  posterior  longitudinal 
bundle  ;  F,  fillet  or  lemniscus  ;  EN,  red 
nucleus  ;  SN,  substantia  nigra  ;  III,  third 
nerve  ;  Py,  pyramidal  tracts  ;  FC,  fronto- 
cerebellar ;  and  TOC,  temporo-occipital 
fibres  of  the  crusta  ;  CC,  caudate-cerebellar 
fibres  in  upper  part  of  crusta  (after  JF ev/iicke 

l)aralysis,  together  with  forced  movements.    ""^^  Gotveis). 
For  diagnostic  purposes  in  man,  it  is  important  to  observe  if  alternate  hemiplegia  be 
present. 

[In  lesions  situated  in  the  lower  half  of  one  side  of  the  pons,  there  is  facial  paralysis  on  the 
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Fig.  503.  Fig.  504. 

503. — Transverse  section  of  the  pons  through  part  of  the  seventh  nerve,  x  2.  F.R.,  for- 
niatio  reticularis;  VII,  seventh  nerve  ;  Ya.,  ascending  root,  and  Vm,  motor  root  of  the 
fifth  nerve;  F,  fillet;  s.o.,  superior  olive;  s.l.b.,  superior  longitudinal  bundle ;  Py,  pyra- 
midal fibres  ;  R,  restiform  body  ;  M.P.,  middle  peduncles  of  cerebellum  ;  d.t.f.  and  s.t.f., 
deep  and  transverse  superficial  fibres  of  the  pons  (after  Wernicke).  - 


the' fibres  in  the  pons;  PT,  pyramidal  tracts';  F,  facial 
MO,  medulla  oblongata  ;  DP,  decussation  of  pyramids, 


Fig.  504. — Scheme  of 
fibres  ;  u,  upper,  I,  lower  lesion 


same  side  as  the  lesion  and  paralysis  (motor  and  sensory,  and  more  or  less  complete)  on  the 
opposite  side  of  the  body— this  is  called  alternate  paralysis  ;  while,  if  the  lesion  be  in  the  upper 
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hall"  of  one  side  of  the  pons,  the  facial  paralysis  is  on  the  same  side  as  the  j)aralysis  of  the  body. 
But  the  parts  supplied  by  the  5th  and  6th  nerves  may  also  be  involved.  This  is  explained  by 
%.  504,  wliere  thf  uplier  facial  fibres  cross  in  the  pons.  Sudden  and  extensive  lesions  of  the 
pons  are  frequently  associated  with  hyperpyrexia,  the  temperature  often  rising  rapidly  within 
an  hour,  perhaps  from  the  grey  matter  in  the  floor  of  the  4th  ventricle  being  afiected  ;  but 
whether  it  is  due  to  some  effect  on  a  heat-regulating  or  heat-producing  centre  is  uncertain. 
Tumours  of  considerable  size  may  press  on  the  pons  witliout  producing  very  marked  symptoms, 
as  tumours  tend  to  push  aside  tissues,  unless  they  be  infiltrating  in  their  character.  Lesions  of 
the  transverse  supei'ficial  fibres  (middle  cerebellar  peduncles)  often  give  rise  to  involuntary 
forced  movements,  there  being  a  tendency  to  move  to  one  side  or  the  other.] 

The  Corpora  ftuadrig^emina. — Destruction  of  these  bodies  on  one  side  in 
mammals  (or  their  homologues,  the  optic  lobes  in  birds,  amphibians,  and  fishes) 
causes  actual  blindness,  which  may  be  on  the  same  or  the  opposite  side,  according 
to  the  relation  of  the  fibres  crossing  at  the  optic  chiasma  344).  Total  destruction 
causes  blindness  of  both  eyes.  At  the  same  time,  the  reflex  contraction  of  the 
pupil,  due  to  stimulation  of  the  retina  with  light,  no  longer  takes  place  (Flourens), 
where  the  optic  is  the  afferent  and  the  oculomotorius  the  efferent  nerve  345). 
If  the  cerebral  hemispheres  alone  be  removed,  the  pupil  still  contracts  to  light,  as 
well  as  after  mechanical  stimulation  of  the  optic  nerve  (If.  Mayo).  Destruction  of 
the  corpora  quadrigemina  interferes  with  the  complete  harmony  of  the  motor  acts ; 
disturbance  of  equilibrium  and  inco-ordination  of  movements  occur  [Sevres).  In 
frogs,  Goltz  observed  not  only  awkward  clumsy  movements,  but  at  the  same 
time  the  animals  have  to  a  large  extent  lost  the  power  of  completely  balancing  the 
body  (p.  683).  A  similar  result  was  observed  in  pigeons  (JPKendrick)  and 
rabbits  (Ferrier).  Extirpation  of  the  eyeball  is  followed  by  atrophy  of  the  opposite 
anterior  corpus  quadrigeminum  {Gudden). 

According  to  Bechterew,  the  fibres  of  one  optic  tract  pass  through  the  anterior  brachium  (fig. 
500)  into  the  anterior  pair  (nates)  of  the  corpora  quadrigemina  ;  while  those  fibres  which  cross 
in  the  chiasma  (fig.  425)  pass  into  the  posterior  ^lair  (testes).  According  to  this  arrangement 
we  have  partial  blindness,  according  as  one  or  other  pair  of  these  bodies  is  destroyed. 

[In  man,  very  little  is  known  regarding  the  effects  of  disease  of  the  corpora  "quadrigemina, 
interference  with  the  ocular  muscles  being  the  most  marked  symptom  ;  but  the  inco-ordination 
of  movement  which  has  been  observed  may  be  due  to  pressure  upon  the  superior  cerebellar 
peduncle,  while  it  is  by  no  means  certain  that  the  defects  of  vision  are  directly  due  to  lesions  of 
these  bodies.] 

Stimulation  of  the  Corpora  Quadrigemina. —The  corpora  quadrigemina  react  to  electrical, 
chemical,  and  mechanical  stimuli.  The  results  of  stimulation  are  very  variously  stated.' 
According  to  some  observers,  there  is  dilatation  of  the  ]iupil  on  the  same'  side  ;  accordincf  to 
Terrier,  it  may  be  the  pupil  on  the  opposite  or  on  the  same  side.  The  stimulation  niay 
be  conducted  from  the  corpora  quadrigemina  to  the  medulla  oblongata,  and  to  the  origin  of  the 
sympathetic,  for,  after  section  of  the  sympathetic  nerve  in  the  neck,  dilatation  of  the^ pupil  no 
longer  takes  place.  According  to  Knoll,  the  contraction  of  the  pupil  observed  by  the  older 
experimenters  occurs  only  when  the  adjoining  optic  tract  is  stimulated.  Stimulation  of  the 
right  anterior  corpus  quadrigeminum  causes  deviation  of  both  eyes  to  the  left  (and  converselv)  ; 
on  continuing  the  stimulation,  the  head  is  turned  to  this  side.  On  dividing  the  corpora  quad- 
rigemina by  a  vertical  median  incision,  stimulation  of  one  side  causes  the  result  to  take  place 
only  on  one  side  {Adamuk).  Ferrier  observed  signs  of  pain  on  stimulating  these  organs  in 
mammals.  Carville  and  Duret  conclude  from  their  exi)eriments,  that  these  organs  are  centres 
for  the  extensor  movements  of  the  trunk.  Ferrier  found,  on  stinuilating  one  optic  lobe  in  a 
pigeon,  dilatation  of  the  opposite  pupil,  turning  of  the  head  towards  the  other  side  and  back- 
wards, movement  of  the  opposite  wing  and  leg  ;  strong  stimulation  caused  flapping  movements 
of  both  wings.  Danilewsky,  Ferrier,  and  Lauder  Brunton  observed  a  rise  of  the  blood-pressure 
and  slowing  of  the  heart-beat,  together  with  deeper  inspiration  and  expiration. 

Bechterew  ascribes  all  the  phenomena,  except  those  of  vision  itself,  which  accompany  iniurv 
or  stimulation  of  these  bodies,  to  aflections  of  deeper  seated  parts.  He  asserts  that  the  corpora 
•luadrigemina  contain  neither  the  centre  for  the  movements  of  the  pupils  nor  that  for  the 
combined  movements  of  the  eyeballs  ;  not  even  the  centre  for  maintaining  the  equilibrium  of 
the  body.  Stimulation  of  these  bodies  causes  the  animals  to  perform  marked  movements 
Reflex  phenomena,  nystagmus,  forced  movements,  and  unsteadiness  of  the  gait  only  occur 
however,  when  the  deeper  parts  are  injured.  ' 

Pathological. —Lesions  of  the  anterior  pair  in  man,  according  to  the  extent  of  the  lesion 
cause  disturbance  of  vision,  failure  of  the  pupil  to  contract  to  light,  and  even  blindness  ;  there 
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may  be  paralj-sis  of  the  oculomotorii  on  both  sides.  Disease  of  the  posterior  i)air  may  bo 
associated  witli  disturbances  of  co-ordination  [Nothmujcl). 

Forced  Movements. — It  is  evident  from  what  has  been  said  regarding  the 
importance  of  the  corpora  quadrigemina  for  the  harmonious  execution  of  movements, 
that  unilateral  injury  of  such  parts  as  are  connected  with  them  by  conducting 
channels,  must  give  rise  to  peculiar  unilateral  disturbance  of  the  equilibrium, 
causing  variations  from  the  symmetrical  movements  of  both  sides  of  the  body. 
These  movements  are  called  forced  viovements.  To  this  class  belong  the  "mouve- 
ments  de  manege,"'  where  the  animal,  instead  of  moving  in  a  straight  line,  runs  round 
in  a  circle;  index  movements,  where  the  anterior  part  of  the  body  is  moved 
round  the  posterior  part,  which  remains  in  its  place,  just  like  the  movements  of  an 
index  round  its  axis ;  and  rolling  movements,  when  the  animal  rolls  on  its  long  axis. 
All  these  forms  of  movement  may  pass  into  each  other,  and  they  are,  in  fact,  merely 
different  varieties  of  the  same  kind  of  movement.  The  parts  of  the  nervous  system 
whose  injury  produces  these  movements  are  the  corpus  striatum,  optic  thalamus, 
cerebral  peduncle,  pons,  middle  cerebellar  peduncles,  and  certain  parts  of  the 
medulla  oblongata.  Eulenburg  observed  index  movements  in  the  rabbit,  after 
injury  to  the  surface  of  the  brain,  and  Bechterew  observed  the  same  in  dogs. 
Forced  movements,  together  with  nystagmus  and  rotation  of  the  eyeballs,  are 
caused  by  injury  to  the  olives  {Bechtereiv).  The  statements  of  observers  vary  as  to 
the  direction  and  kind  of  movement  produced  by  injuring  individual  parts.  The 
following  observations  have  been  made  : — Section  of  the  anterior  part  of  the  pons, 
and  of  the  crura  cerebelli  causes  index,  or,  it  may  be,  rolling  movements  towards 
the  other  side;  section  of  the  posterior  part  of  the  same  regions  causes  rolling  move 
ments  towards  the  same  side,  while  the  same  result  is  caused  by  a  deeper  puncture 
into  the  tuberculum  acusticum,  or  into  the  restiform  body.  Section  of  one  cerebral 
peduncle  causes  mouvements  de  manege,  while  the  body  is  curved  with  the  con- 
vexity towards  the  same  side.  The  nearer  to  the  pons  the  section  is  made,  the 
smaller  is  the  circle  described  ;  ultimately  index  movements  occur.  Injury  to  one 
optic  thalamus  produces  results  similar  to  puncture  of  the  anterior  part  of  the 
cerebral  peduncle,  because  the  latter  is  injured  along  with  it  at  the  same  time. 
Injury  to  the  anterior  part  of  one  optic  thalamus  causes  the  opposite  kind  of  forced 
movement,  viz.,  with  the  concavity  of  the  body  towards  the  injured  .side.  Injury 
to  the  spinal  portion  of  the  medulla  oblongata  is  followed  by  bending  of  the  head 
and  vertebral  column,  with  the  convexity  towards  the  injured  side,  along  with 
movements  in  a  circle.  When  the  anterior  end  of  the  calamus  and  the  part  above 
it  are  injured,  the  movements  are  towards  the  sound  side. 

Strabismus  and  Nystagmus. — Amongst  the  forced  movements  may  be  reckoned 
deviation  of  the  eyeballs,  strabismus  or  squinting,  and  involuntary  oscillation  of  the 
eyeballs,  constituting  nystagmus.  The  latter  condition  occurs  after  superficial 
lesions  of  the  restiform  body,  as  well  as  of  the  floor  of  the  4th  ventricle.  A 
unilateral,  deep,  transverse  injury,  from  the  apex  of  the  calamus  upwards  as  far  as 
the  tuberculum  acusticum,  causes  the  eye  of  the  same  side  to  squint  downwards 
and  forwards,  that  of  the  other  side  backwards  and  upwards.  Section  of  both  sides 
causes  this  condition  to  disappear  {Schivahn).  Hence,  Eckhard  assumes  that  the 
medulla  oblongata  is  the  seat  of  an  apparatus  controlling  the  movements  of  the 
eyes  {Eckhard),  which  can  be  excited  by  sudden  antemia,  e.g.,  ligature  of  the 
cephalic  arteries  in  a  rabbit. 

In  pathological  degeneration  of  the  olivary  body  of  the  medulla  oblongata  in  man,  Mcschede 
obsei-ved  intense  rotatory  movements  towards  the  same  side. 

Theory. — In  order  to  explain  the  occurrence  of  forced  movements,  it  is  suggested  that  there 
is  unilateral  incomplete  paralysis  {Lafarquc),  so  that  the  animal  in  its  eflbrts  to  move  onwards 
leaves  the  paralytic  side  slightly  behind  the  other,  and  hence  there  is  a  variation  from  tlie 
symmetry  of  the  movements.  Brown-Sequard  regards  the  matter  in  exactly  an  opjiosite  liglit, 
viz    as  due  to  stimulation  from  injury,  causing  an  excessive  activity  of  one-lmlf  of  the  body, 
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Henle  ascribes  the  inovenieuts  to  verlaju,  or  a  feeling  of  giddiness  caused  by  the  injury.  In  all 
operations  on  the  central  nervous  system,  where  the  ei|^uilibrium  is  deeply  affected,  there  is  a 
considerable  increase  in  the  number  and  depth  of  the  res))irations  {Landuis). 

Other  Effects. —Some  observers  noticed  variations  of  the  blood-pressure  and  a  change  in  the 
number  of  heart-beats  after  stimulation  of  the  cortex  cerebri,  c.cj. ,  after  electrical  stimulation  of  the 
motor  areas  for  the  extremities  {Bochcfontaim).  Balogh  observed  acceleration  of  the  pulse,  on 
stimulating  several  points  on  the  cortex  cerebri  of  a  dog,  and  from  one  point  slowing  of  the  pulse. 
Eckhard  stimulated  the  surface  of  the  brain  in  rabbits,  and,  as  a  rule,  he  observed  that,  as  long  as 
single  crossed  movements  occurred  in  the  anterior  extremities,  there  was  no  eti'ect  ux)on  the  heart, 
but  that  the  heart  became  atfected  as  soon  as  other  movements  occurred.  This  consists  in  slow 
strong  pulse-beats,  with  occasional  weaker  beats,  while  at  the  same  time  the  blood-pressure  is 
slightly  increased  [Bochcfontainc).  If  the  vagi  be  divided  beforehand,  the  effect  upon  the  pulse 
disappears,  while  the  increase  of  the  blood-jiressure  remains.  That  psychical  jii-oeesses  aifect  the 
action  of  the  heart  was  known  to  Homer  and  Clirysipp.  Bochefontaine  and  Lepine,  on  stimulat- 
ing several  points,  especially  in  the  neighbourhood  of  the  sulcus  cruciatus  in  the  dog,  observed 
increased  secretion  of  saliva,  slowing  of  the  movements  of  the  stomach,  peristalsis  of  the 
intestine,  contraction  of  the  spleen,  of  the  uterus,  of  the  bladder,  and  increased  respirations. 
Bufalini,  on  stimulating  those  parts  of  the  cortex  which  cause  movements  of  the  jaw,  observed 
secretion  of  gastric  juice  with  increase  of  the  temperature  of  the  stomach.  Schifl',  Brown- 
Sequard,  Ebstein,  Klosterhalfen,  and  otliers  have  observed  that  injur}'  to  the  pons,  corpus 
sti-iatum,  thalamus,  cerebral  peduncle,  and  medulla  oblongata  often  causes  hyper;emia  and 
hsemoiThage  into  the  lung  (according  to  Brown-Sequard,  especially  after  injury  to  one  side  of 
the  pons,  which  affects  the  opposite  lung),  under  the  pleura,  in  the  stomach,  intestine,  and 
kidneys.  Gastric  hemorrhage  is  conunon  after  injury  to  the  pons  just  where  the  cerebral 
peduncles  join  it.  Similar  phenomena  have  been  observed  in  man  after  apoplexy  or  cerebral 
haimorrhage. 

Specially  interesting  is  the  cerebral  unilateral  decubitus  acutus  or  bed-sore,  described  by 
Charcot,  which  always  occurs  on  the  jjaralysed  side  of  the  body,  i.e.,  on  the  side  opjiosite  to 

the  cerebral  injury.     It  be<;ins  on  the 
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second  or  third  day,  rapidlj'  causes  enor- 
mous destruction  and  sloughing  of  the 
tissues  on  the  back  and  lower  extremities, 
and  death  soon  takes  place.  The  decu- 
bitus which  occurs  after  spinal  injuries, 
usually  begins  in  the  middle  line  of  the 
buttocks,  and  extends  symmetrically  on 
both  sides.  In  cases  of  unilateral  injury 
to  the  spinal  cord,  the  decubitus  occurs 
on  the  corrcsimiding  side  of  the  sacral 
region  (p.  508). 

[The  Pineal  Gland  or  epiphysis  cerebri 
lies  on  the  back  of,  and  is  connected 
with,  the  third  ventricle  (fig.  505,  Z). 
It  projects  backwards  between  the  cor- 
pora quadrigemina.  It  is  originally 
developed  as  a  hollow  outgrowth  froiii 
that  part  of  tlie  embryonic  brain  which 
becomes  the  third  ventricle.  The  hollow 
centre  usually  disappears,  while  the  distal 
portion  becomes  enlarged  and  is  often 


Its  distal  portion  may  ter- 
minate outside  the  skull  ;  and  in  some 
animals  there  is  developed  in  the  median 
line  of  the  skull  an  eye — pineal  eye — 
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Fig.  505. 

Longitudinal  section  of  an  adult  human  brain 

aqueduct  of  Sylvius  ;  B,  corpus  callosum ;  Ca,  ante-  j^V ^j"" 
rior  commissure  ;   Cm,  middle  commissure  ;  Col,      ^  ^  ^ 
lamina  terminalis  ;  Cp,  posterior  commissure  ;  FM, 
foramen  of  Munro  ;       fornix  ;  U,  pituitary  body  ; 
HH,  cerebellum  ;  MU,  corpora  quadrigemiua  ;  MH, 
medulla  oblongata ;  P,  pons  Varolii;  R,  spinal  cord;  ^' 
SiJ,  septum  lucidum  ;  /,  infundibulum  ;  Tcli,  tela  ,^ 
choroidea  ;  To,  optic  thalamus  ;  VH,  cerebrum  ;  Z, 

pineal  gland  ;  /,  olfactory  lobe  and  nerve  ;  //,  optic  """^  o 

nerve  °       '  ^  '     '   i      cerebri  consists  oi  two  lobes,  ditierent  in 

origin  and  structure  (fig.  505,  R).  The 
-posterior,-  lobe  is  developed  as  a  hollow  outgrowth  from  the  part  of  the  embryonic  brain  con- 
nected with  the  third  ventricle.  It  loses  its  cavity  and  its  nervous  tissue  ;  is  permeated  bv 
connective-tissue  and  blood-vessels  ;  and  is  connected  with  the  floor  of  the  third  ventricle  by 
the  infundibulum.  The  anterior  lobe  is  developed  as  a  tubular  invagination  of  the  stoniodajuni 
from  the  ectoelerm  of  the  buccal  cavity  ■        --^  '       ■■  •       .-    -  » 


arranged  on  the  invertebrate  plan,  as  in 
'  nguis, 
405).; 

[The  pituitary  body  or  hypophysis 


mguis,  Hatteria,  &c.  {Be  Graaf; Spencer) 
(§  405).] 


%.e. 


L  of  the  buccal  cavity  ;  but  it  soon  loses  its  connection  with  this  cavity  as 
the  upper  end  enlarges,  and  the  stalk  atrophies.  In  mammalia,  the  upper  expanded  end  unites 
with  the  anterior  lobe  to  form  the  pituitary  body.    For  the  effects  of  its  removal  see  §  103  V  ] 
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380.  STEUCTURE  AND  FUNCTIONS  OF  THE  CEREBELLUM.— [Structure.— On  exaniin- 
iiifi^a  vertical  section  of  a  cerebellar  leailet,  we  obsei  ve  the  following  niicro.scopic  appearances  : 
— E.xternally,  is  the  pia  mater  with  its  blood-vessels  (fig.  506,  a),  which  penetrate  into  the 
grey  matter  ;  within  is  the  medulla,  composed  of  white  fibres.  The  grey  matter  consists  of  b, 
a  broad  outer  or  molecular  layer,  largely  composed  of  branched  libvils  ;  and  internal  to  it  is  d, 
the  "  granular,"  nuclear,  or  rust-coloured  layer.  On  the  boundary  line  between  the.«e  two,  is 
the  layer  of  Purkinje's  cells,  c.    The  cells  of  Purkinje  form  a  single  layer  of  large  multipolar 

flask-shaped  nerve-cells,  which  have  been 
compared  to  the  branched  antlers  of  a  stag 
(fig.  507).  From  their  outer  surface  is  given 
off  a  jirocess  which  rapidly  divides,  and  gives 
rise  to  a  large  number  of  smaller  processes 
running  outwards  in  the  outer  grey  layer. 
Some  of  these  processes  form  ])art  of  the 
ground-plexus  of  fibrils  in  this  layer.  An 
unbranclied  axial  cylinder  process  is  sent 
inwards  to  the  granular  layers,  where  it  be- 
comes continuous  with  a  nerve-fibre — every 
cell  of  Purkinje  being  continuous  with  a 
straight  unbranclied  medullated  nerve-fibre. 
The  unhranched  fibres  lun  straight  from  the 
medulla  through  the  granular  layer,  forming 
no  connection  with  its  granules.  A  second 
set  of  branched  or  anastomosing,  often  vari- 
cose, nerve-fibres,  finer  than  the  foregoing, 
pass  from  the  medulla  into  the  granular 
layer,  where  they  form  a  network  which  is 


Fig.  506.  Fig.  507. 

Fic.  506. — Vertical  section  of  the  cerebellum,    a,  pia  mater;  b,  external  layei'  ;  c,  layer  of 
°  Purkinje's  cells  :  d,  inner  layer  ;  e,  medullary  white  matter.    Fig.  507.  — I'urkinje's  cell, 
sublimate  preparation.     x  120. 

continued  into  the  molecular  layer.  The  granular  layer  is  composed  of  closely  packed 
crranules  of  two  kinds  ;  one  is  stained  by  hajmatoxylin,  and  the  other  witli  eosin  {Denissenko). 
The  hajmatoxylin  stained  cells  are  most  numerous  ;  they  consist  of  a  nucleus  surrounded 
by  protoplasm,  and  are  what  were  formerly  called  granules.  The  eosin-stained  cells,  which 
are  also  stained  by  nigrosin  (Bcevor),  are  interposed  in  the  course  of  medullated  nerve- 
fibres.  The  ha;matoxylin  cells,  called  glia-cells  by  Beevor,  have  i)rocesses,  and  form  a  net- 
work throughout  the  granular  layer,  which  also  extends  into  the  molecular  layer.  This  net- 
work is  regarded  as  the  continuation  of  the  modified  myelin  of  the  nerve-fibres,  and  it  forms 
a  capsule  for  the  cells  of  Purkinje.  The  molecular  layer  consists  of  a  ground  sulistance,  com- 
posed of  a  spongy  network  of  fine  fibrils,  which  seem  to  be  of  the  nature  of  neuro-keratin, 
strent'thened  here  and  there  by  stronger  fibres.    In  the  meshes  lies  a  homogeneous  substance. 
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Some  of  this  .substaiire  is  more  condensed  to  form  a  limitans  externa  on  the  surface  of  the 
cerebellum,  wliile  on  the  boundary  line  next  the  granular  layer  the  branches  of  the  glia-cells 
form  a  Uniilans  inter nu,  and  between  the  two  stretches  the  neuro-keratin  network.  Some 
small  varicose  nerve-libres  exist  in  tliis  layer  continuous  with  those  in  the  granular  layer.  The 
branched  process  of  the  cells  of  Purkinje  is  tibrillated,  and  the  finer  processes  are  composed 
also  of  fibrils,  which  are  gradually  distributed  until  they  become  isolated.  It  is  suggested  by 
Beevor  that  these  librils  bend  at  a  right  angle  in  a  plane  pai'allel  to  the  surface,  and  rearrange 
themselves  as  fibres  suri-ounded  by  a  meduUated  sheath,  and  that  these  fibres  run  inwards 
through  the  molecular  and  granular  layers— as  the  branched  fibres — to  the  medulla.] 

Function. — Injuries  of  the  cerebellum  cause  disturbances  in  the  harmony  of  the 
movements  of  the  body.  Most  probably,  the  cerebellum  is  a  great  and  important 
central  organ  for  the  finer  co-ordination  and  integration  of  movements.  The  fact 
that  it  is  connected  with  all  the  columns  of  the  spinal  cord  and  with  all  the  central 
ganglionic  masses,  renders  this  very  probable.  The  direct  cerebellar  tracts  from  the 
lateral  column  of  the  cord  conduct  sensory  impressions  to  the  cerebellum,  and  thus 
indicate  the  posture  of  the  trunk.  The  cerebellum  may  afiect  the  motor  nerves  of 
the  cord  through  fibres  which  pass  downward  in  the  lateral  columns  of  the  cord 
from  the  restiform  bodies  (Flechsir/).  Injury  of  the  cerebellum  neither  produces 
disturbance  of  the  psychical  activities,  nor  does  it  interfere  with  the  will  or 
consciousness.    Injuries  to  the  cerebellum  itself  do  not  give  rise  to  pain. 

According  to  SchiH',  the  cerebellum  does  not  actually  regulate  the  co-ordination  of  movements. 
According  to  him,  there  is  a  mechanism  on  both  sides  of  the  middle  line,  which  increases  all 
the  complicated  muscular  movements — not  only  those  for  powerful  contractions,  but  also  the 
peculiar  fine  movements  which  fix  the  limbs  and  joints.  Luciani  asserts  that  destruction  of 
the  cerebellum  produces  a  condition  of  incomplete  tonus,  there  being  a  want  of  energy  to  control 
the  voluntary  muscles.    Each  half  of  the  organ  acts  on  both  halves  of  the  body. 

Injury  or  Removal  of  Cerebellum. — The  immediate  results  produced  by  injury  to 
or  removal  of  the  cerebellum  have  been  admirably  described  by  Flourens  (fig.  508). 

On  removing  the  most  superficial  layers 
in  a  pigeon,  the  animal  merely  showed 
signs  of  weakness  and  interference  with 
the  uniformity  of  its  movements.  On 
removing  more  of  the  cerebellum,  the 
animal  became  greatly  excited,  and  made 
violent  irregular  movements,  which  did 
not  partake  of  the  character  of  con- 
vulsions. The  sensorium  was  unaffected, 
while  vision  and  hearing  were  intact. 
Co-ordinated  movements,  such  as  walk- 
ing, flying,  springing,  and  turning,  could 
be  executed  but  imperfectly.  After  re- 
moval of  the  deepest  layers,  the  power  of 
executing  the  above-named  movements 
was  completely  abolished.    On  placin, 


Fig.  508. 

Pigeon  with  its  cerebellum  removed. 


the  pigeon  on  its  back,  it  could  not  get  on  its  legs;  at  the  same  time  it  made  con- 
tinually the  greatest  exertions  in  its  movements,  but  these  were  always  inco-ordinated, 
and  therefore  without  any  satisfactory  result.  The  will,  intelligence,  and  percep- 
tion remained  intact ;  the  animal  could  see  and  hear,  and  sought  to  avoid  obstacles 
placed  in  its  way.  It  gradually  exhausted  itself  in  fruitless  efforts  to  get  on  its 
legs,  and  ultimately  remained  in  its  abnormal  position,  quite  exhausted.  Flourens 
concluded  from  these  experiments  that  the  cerebellum  is  the  centre  for  co-ordinating 
voluntary  niovements.  Lussana  and  Morganti  regard  the  cerebellum  as  the  seat  of 
the  muscular  sense. 

[Extirpation  in  Mammals. — The  dangers  attending  this  operation  are  so  great,  that  but  few 
animals  survive.  Luciani,  however,  by  using  antiseptic  and  other  precautions,  has  been  able 
to  operate  so  that  complete  cicatrisation  was  obtained,  the  animal  (young  bitch)  being  restored 
to  health  for  a  few  months.    The  cerebellum  alone  was  removed,  but  not  its  peduncles.    As  in 
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all  other  sinular  operations,  we  must  distinguish  sliarply  tlic  phenomena  manifested  during  re- 
cover\-  from  those  after  complete  recover3\  During  the'jird  jJcriod  of  six  weeks,  from  tlie  time 
of  the  o[)eration  until  complete  recovery,  the  symptoms  are  those  of  injury  and  irritation  of  the 
divided  peduncles,  along  with  those  resulting  from  the  removal  of  the  organ.  They  are  clonic 
contractions  of  the  muscles  of  the  fore  limb,  neck,  and  back,  passing  into  tonic  contractions 
when  the  animal  attempts  to  move,  and  also  weakness  of  the  hind  legs,  so  that  all  the  normal 
voluntary  movements  are  interfered  witli,  i.e.,  inco-ordinated,  although  these  symptoms  may 
be  explained  by  the  injury  to  adjoining  parts.  There  was  no  sensory  disturbance  or  loss  of  the 
muscular  sense,  altliough  closing  the  eyes  rendered  standing  impossible.  As  recovery  takes 
place,  these  symptoms  disappear,  and  the  animal  enters  on  the  .secoml  period,  where  the 
symptoms  depending  on  the  actual  loss  of  the  organ  are  pronounced.  The  contracture  and 
pseuilo-paralytic  weakness  disappear,  while  there  are  alterations  in  the  tone  of  the  individual 
muscles,  producing  a  sort  of  ''cerebellar  ataxy."  The  dog  could  swini  in  quite  a  normal 
manner,  its  power  of  equilibration  was  not  interfered  with,  but  acts  requiring  a  greater  develop- 
ment of  muscular  energy  could  not  be  properly  executed.  This  period  lasted  four  to  five  months. 
After  this  time  its  health  gave  way,  there  was  otitis,  conjunctivitis,  articular  and  cutaneous 
inflammations,  while  a  peculiar  form  of  marasnuis  set  in,  the  animal'dying  after  eight  months. 
In  fishes  also,  the  removal  of  the  cerebellum  does  not  atlect  their  power  of  locomotion 
{Baiulelot).'] 

Duration  of  the  Phenomena. — After  superficial  lesions,  or  after  a  deep  incision, 
the  disturbances  of  co-ordination  soon  pass  away  {Flourens).  If  the  injury  affects 
the  lowest  third  of  the  cerebellum,  the  motor  disturbances  remain  permanently. 
Symmetrical  lesions  do  not  disturb  co-ordination  (Schif).  After  removing  the 
greater  portion  of  the  cerebellum  in  birds,  AVeir-!Mitchell  has  observed  that  the 
original  disturbances  gradually  disappear ;  and  after  montJis  only  slight  weakness 
and  a  condition  of  rapid  fatigue  remain. 

After  ablation  of  the  cerebellum,  secondary  degeneration  occurs  in  the  part  of  the  pons 
around  the  pyramids,  the  lower  olives,  all  the  cerebellar  peduncles  and  the  direct  cerebellar 
tract,  usually  on  the  same  side  (Flechsi/j).  It  is  found  also  in  individual  iibres  in  all  the 
cranial  nerves  and  the  anterior  roots  of  the  spinal  nerves  {Marclii). 

In  the  dog,  superficial  injuries  of  the  vermiform  process,  or  of  one-half  of  the  organ,  produce 
merely  temporary  disturbances;  while  deep  injuries  to  the  vermifoim  process,  or  removal  of  one 
hemisphere  and  a  part  of  the  vermiform  process,  cause  permanent  rigidity  of  the  legs  and  shaking 
of  the  head  ;  if  the  worm  and  both  halves  are  destroyed,  there  follows  permanent  pronounced 
disturbance  of  co-ordination  [c.  Mering).  According  to  Haginsky,  destruction  of  a  large  part 
of  the  vermiform  process  alone  causes  in  mammals  permanent  disturbance  of  co-ordination. 
Terrier  found  that  a  vertical  section  of  the  cerebellum  in  monkeys,  produced  only  inconsiderable 
disturbances  of  equilibrium  ;  after  injury  of  the  anterior  part  of  the  middle  lobe,  the  animal 
often  tumbles  forward;  while,  when  the  posterior  part  is  injureil,  it  falls  backward.  After 
injury  of  the  lateral  lobe,  the  animal  is  drawn  towards  the  affected  side  {Scliiff,  J^idinan, 
Feii-ier,  Hitzig).  If  the  middle  commissure  be  injured,  the  animal  rolls  violently  on  its  long 
axis  towards  the  injured  side  {Magendie).  Paralysis  never  occurs  after  injuries  of  the  cerebellum, 
nor  is  there  ever  disturbance  of  sensation  or  of  the  sense  of  touch.  Luciani  found  that,  in 
animals  with  the  cerebellum  extirpated,  marasmus  ultimately  set  in.  In  frogs,  an  important 
oro-an  concerned  with  motion  lies  at  the  junction  of  the  oblongata  with  the  cerebellum  [Eckhnrd). 
After  it  is  removed  the  animal  can  no  longer  execute  co-ordinated  jumping  movements,  nor  can 
it  crawl  {Gollz). 

[In  man,  the  cerebellum  is  connected  with  the  maintenance  of  the  equilibrium.  There  may 
be  a  lesion  of  the  hemispheres  without  any  markcil  symptoms;  but  if  the  middle  lobe  be  injured 
or  pressed  on  by  a  tumour,  there  is  usually  a  reeling  or  staggering  gait,  like  that  of  a  drunken 
man.  Ross  points  out  that,  if  the  tumour  affect  the  upper  pai  t  of  this  lobe,  the  tendency  is  to 
fall  backwards,  and  if  in  the  lower  part,  to  fall  forwards  or  to  revolve  round  a  horizontal  axis. 
A^omiting  is  frequently  persistent  and  well  marked,  while  there  may  be  nystagmus  and  tonic 
retraction  of  the  head.] 

After  injuries  of  the  cerebellum,  involuntary  oscillations  of  the  eyeballs  or  nystagmus,  as 
well  as  squinting  {Magcndie,  Hcrtic/ig),  have  been  observed ;  while  Ferrier  observed  movements 
of  the  eyeballs  after  electrical  stimulation.  According  to  Curschmann,  Eckhard,  and  Schwann, 
this  occurs  onlv  when  the  medulla  oblongata  is  involved  (§  379). 

Effects  of  Electricity  and  Vertigo.— If  an  electrical  current  be  passed  through  the  head,  by 
niacin^  the  electrodes  in  the  mastoid  fossaj  behind  both  ears,  with  the  -f  pole  behind  the  right 
and  th"  -  pole  behind  the  left  ear,  then  on  closing  the  current,  there  is  severe  vertigo,  and  the 
liead  and  body  lean  to  the  -f-  pole,  while  the  objects  around  seem  to  be  displaced  to  the  left. 
If  the  eyes  be  closed,  while  the  current  is  jjassing,  the  movements  appear  to  be  transferred  to 
the  person  himself,  so  that  lie  has  a  feeling  of  rotation  to  the  left  {Purkinjc).    At  the  moment 
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the  head  leans  towar.ls  the  anode,  the  eyes  turn  in  that  direction,  and  often  exhibit  nystagmus. 
The  electrical  current  probably  stimulates  the  nerves  of  the  ampulla;,  as  we  know  that  atlections 
of  these  bodies  cause  vertigo  (§  3f.O).    The  cerebellum  has  no  relation  to  the  sexual  activities 
as  was  maintained  by  Gall.    The  contractions  of  the  uterus  observed  by  Valentin,  budge,  and 
ripiefplberf,  after  stimulation  of  the  cerebellum,  are  as  yet  unexplained. 

Pathological. —Lesions  of  one  hemisphere  may  give  rise  to  no  symptoms  ;  but  n  the  middle 
lobe  is  involved,  there  is  inco-ordination  of  movement,  especially  a  tendency  to  fall,  unsteady 
<rait  and  pronounced  vertigo.  Irritative  lesions  of  the  middle  peduncle  cause  complete  gyrating 
movements  of  the  body  around  its  axis,  together  with  rotation  of  the  eyes  and  head  {Nothnagel). 

381.  PROTECTIVE  APPARATUS  OF  THE  BRAIN.— The  Membranes. —The  dura  mater 
cerebralis  is  intimately  united  to  the  periosteum  of  the  cavity  of  the  skull,  while_  the  sjjinal 
dura  mater  forms  around  the  spinal  cord  a  freely  suspended  long  sac,  fixed  only  on  its  anterior 
.surface.    It  is  a  fibrous  membrane,  consisting  of  firm  bundles  of  connective-tissue  intermixed 

with  numerous  elastic  fibres,  and 
provided  with  flattened  connective- 
tissue   corpuscles   and  Waldeyer's 
plasma  cells.     The  smooth,  inner 
surface  is  covered  with  a  layer  of 
endothelium.     It  is  but  slightly 
supplied  with  blood-vessels,  although 
they  are  more  numerous  in  the  outer 
layers;  the  lymphatics  are  numerous, 
while  nerves  whose  terminations  are 
unknown  give  to  the  dura  its  ex- 
quisite sensibility  to  painful  opera- 
tions on  it.     Pacinian  corpuscles 
have  been  found  in  the  dura  over 
the  temporal  bone.    The  lymphatic 
subdural  space  {Key  and  Rctziits) 
lies  between  the  dura  and  the  arach- 
noid, and  between  the  pia  and  arach- 
noid is  the  subarachnoid  space  (tig. 
509).     These   two   spaces  do  not 
,  .       .    .        .....        ,  '  communicate  directly.    The  delicate 

;rebri;2J,  intima  piai  dipping  into  the  ^nd  partiallv  per- 

1,  connected  with  2?  by  means  of  the  fo^.,.^tgd  in  bl^^^^^ 

loose  subarachnoid  trabecule  in  the  subarachnoid  space,  ^yithout  nerves  is  covered  on  both 
sa  ;  V,  V,  blood-vessels  ;  d,  dura  ;  sd,  .subdural  space.  surfaceswith  s.piamous  endothelium. 
Only  on  the  spinal  cord  is  it  separated  from  the  pia,  so  that  between  the  two  lies  the  lymphatic 
subarachnoid  space  ;  over  the  brain,  the  two  membranes  are  for  the  most  part  united  together, 
except  the  parts  bridging  over  the  sulci  between  adjacent  convolutions.'  The  arachnoid  passes 
from  convolution  to  convolution  without  dipping  into  the  sulci,  while  the  pia  dips  into  each 
sulcus  (fig.  509,  a).  The  ventricles  of  the  brain  communicate  freely  with  the  lymphatic 
subarachnoid  space,  but  not  with  the  subdural  space.  The  pia  consists  of  delicate  bundles  of 
connective-tissue  without  any  admixture  of  elastic  fibres ;  it  is  richly  supplied  with  blood- 
vessels antl  lymphatics,  and  carries  nerves  which  accompany  the  blood-vessels  into  the  substance 
of  the  brain.    The  lymphatics  open  into  the  subarachnoid  space  (§  196). 

[Subarachnoid  Fluid,  or  cerebro-spinal  fluid,  lies  in  the  subarachnoid  space,  which  is 
traversed  by  trabeculaj  of  connective-tissue.  Within  the  brain  are  a  series  of  cavities  called 
ventricles,  which  communicate  one  with  another  in  a  definite  way.  The  fourth  ventricle  is 
lined  by  a  layer  of  columnar  epithelium,  and  covered  in  dorsally  by  a  membrane  and  continua- 
tion of  the  pia  mater,  from  the  middle  of  which  there  hangs  into  the  roof  of  the  fourth  ventricle 
two  vascular  processes  composed  of  capillaries — the  choroid  plexuses  of  the  fourth  ventricle, 
which  are  comparalile  to  the  larger  plexuses  of  the  lateral  ventricles.  In  this  membrane  is  the 
foramen  of  Magendie  and  two  other  smaller  foramina,  whereby  the  fluid  in  the  subarachnoid 
space  communicates  with  that  in  the  fourth  ventricle  ;  but  the  lymphatics  of  the  nerve-sheaths 
can  be  injected  from  the  subarachnoid  space,  so  that  there  is  direct  continuity  of  the  fluid  in 
the  ventricles  of  the  brain  with  that  in  the  subarachnoid  space,  perivascular  spaces  of  the 
cerebral  substance,  and  the  perineural  lymphatics  of  nerves.  The  average  quantity  is  about  2 
ounces,  and  if  it  be  suddenly  withdrawn,  epilepsy  or  convulsions  may  be  produced  ;  or,  if  it  be 
rapidly  increased  in  amount,  coma  may  be  produced.  The  middle  and  posterior  parts  of  the 
brain  and  the  medulla  oblongata  do  not  rest  directly  on  hone,  but  are  separated  by  a  distinct 
interval  from  their  osseous  case,  an  interval  occupied  by  the  cerebro-spinal  fluid  and  traversed 
by  trabeculfe,  so  that,  as  Hilton  expresses  it,  this  fluid  forms  a  jierfect  water-bed  for  those  parts, 
being  sustained  by  the  venous  circulation  and  the  elasticity  of  the  dura.  It  has  important 
mechanical  functions,  protecting  delicate  parts  of  the  brain  from  injury;   by  distributiuw 
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vibratory  impulses  it  insulates  the  nerve-roots,  and  lias  important  relations  to  the  quantity  of 
blood  hi  the  brain  and  the  cerebral  circulation  (Chemical  Composition,  §  198).] 

[Spina  bifida. — Sometimes  the  lainimv  of  the  vertebiw.  in  the  lumbar  or  other  region  of  the 
spinal  column  are  imperfectly  developed,  in  which,  case  the  membranes  project  through  as 
a  tumour  distended  by  cerebro-spinal  fluid  and  covered  by  skin.  The  effects  of  rapid  tapping 
or  compressing  the  sac  are  readily  studied  in  such  cases.] 

The  Pacchionian  bodies,  or  granulations,  are  connective-tissue  villi,  which  serve  for  the  out- 
flow of  lymph  from  the  subdural  and  subarachnoid  spaces  into  the  sinuses  of  the  dura  mater, 
especially  the  longitudinal  sinus.  The  subarachnoid  space  also  communicates  with  the  spaces  in 
the  spongy  bone  of  the  skull,  and  with  the  veins  of  the  skull  and  surface  of  the  face  {KoUmann). 
The  subdural  space  also  communicates  with  the  lyni}>hatic  spaces  in  tlie  dura,  while  tlie 
latter  communicate  directly  with  the  veins  of  the  dura,  l^oth  the  subdural  and  subarachnoid 
lymphatic  spaces  communicate  with  the  lymphatics  of  the  nasal  mucous  membrane.  The  space 
outside  the  dura  of  the  spinal  cord  is  called  the  epidural  space,  and  may  be  regarded  as 
lymphatic  in  its  nature  ;  the  pleural  and  peritoneal  cavities  may  be  tilled  from  it ;  but  it  does 
not  communicate  with  the  cavity  of  the  skull.  The  plexuses  of  blood-vessels  are  surrounded 
by  undeveloped  connective-tissue.  The  telaj  choroidese  in  the  new-born  are  still  covered  with 
ciliated  epithelium. 

Movements  of  the  Brain. — The  pulsations  of  the  large  basal  cerebral  vessels 
communicate  their  pulsatile  movements  (§  79,  6)  to  the  brain— the  respiratory 
movements  also  affect  it,  so  that  the  brain  rises  during  expiration  and  sinks  during 
inspiration.  Lastly,  there  are  slight  alternating  vascular  elevations  and  depressions, 
occurring  2  to  6  times  per  minute,  due  to  the  periodic  dilatation  and  contraction  of 
the  blood-vessels  (i^  371).  Psychical  excitement  influences  these,  and  they  are  most 
regular  during  sleep.  The  movements  are  best  seen  especially  where  the  membranes 
of  the  brain  offer  little  resistance,  e.g.,  over  the  fontanelles  in  children,  and  where 
the  membranes  have  been  exposed  by  trephining.  The  presence  of  the  cerebro- 
spinal fluid  is  most  important  for  the  occurrence  of  these  movements,  as  it  propa- 
gates the  pressure  uniformly,  so  that  every  systolic  and  expiratory  dilatation  of  the 
blood-vessels  is  concentrated  upon  those  parts  of  the  cerebral  membrane  which  do 
not  offer  any  resistance  {Bonders).  When  the  fluid  escapes,  the  movements  may 
almost  disappear. 

Mental  excitement  increases  the  pulsations  of  the  brain.  At  the  moment  of  awaking,  the 
amount  of  Idood  in  the  brain  diminishes  ;  .sensory  stimuli  applied  during  sleep,  so  that  the 
sleeper  does  not  awake,  increase  the  amount  of  blood.  As  the  arteries  within  the  rigid  skull- 
case  change  their  volume  with  each  pulse-beat,  the  veins  (sinuses)  exhibit  at  every  beat  a 
puLsatile  variation  in  volume,  the  opposite  of  that  occurring  in  the  arteries  (Mosso). 

The  Cerebral  Blood-Vessels. — The  blood-vessels  of  the  pia,  of  course,  are  regulated  by  the 
vaso-motor  nerves  (§  3.56,  A,  3),  and  their  calibre  may  also  be  influenced  by  the  stimulation  of 
more  distant  parts  of  the  body  (§  347).  Bonders  trephined  the  skull  so  as  to  make  a  round 
hole,  and  filled  it  with  a  piece  of  glass,  .so  that  with  a  microscope  he  could  observe  changes  in 
the  calibre  of  the  blood-vessels.  Paralysis  of  tlie  vaso-motor  nerves  and  narcotics  dilate  the 
blood-vessels;  they  become  greatly  contracted  at  death  (§  373,  I.).  The  blood-vessels  are 
dilated  during  cerebral  activity  (§  100,  A),  as  well  as  during  sleep.  Increased  pressure  within 
the  skull  causes  great  derangement  of  tlie  cerebral  activity— laboured  respiration  (§  368,  B), 
unconsciousness  even  to  coma,  and  ]iaralytic  phenomena — all  of  which  may  in  part  be  referable 
to  disturbances  of  the  circulation.  If  all  the  cranial  arteries  be  ligatured  suddenly,  there  is 
immediate  loss  of  consciousness,  together  with  strong  stimulation  of  the  medulla  oblongata  and 
its  centres,  and  deatli  takes  ]dace  rapidly  with  convulsions  (compare  §  373). 

By  the  free  anastomosis  which  takes  place  at  the  base  of  the  brain,  forming  the  circle  of 
Willis  (fig.  510),  the  individual  ]iarts  of  the  brain  are  preserved  from  want  of  blood,  when  one 
or  other  blood-vessels  is  compressed  or  ligatured.  Within  the  brain,  the  arteries  are  distributed 
as  "terminal"  arteries,  i.e.,  the  terminal  branches  of  any  one  artery  end  in  their  own  area,  and 
do  not  anastomose  with  those  of  adjoining  areas  {Cohnhcim).  On  the  other  hand,  the  peripheral 
arteries  (arteries  of  the  corpus  callosum,  Sylvian  fissure,  and  deep  cerebral)  which  run  externally 
on  the  brain,  form  free  anastomoses  (Tichomirov:). 

[The  nutrient  or  ganglionic  arteries  for  the  central  ganglia  arise  in  groups  from  the  circle 
of  Willis,  or  from  the  first  two  centimetres  of  its  trunks.  The  antero-median  group  (1)  supplies 
the  anterior  part  of  the  head  of  the  caudate  nucleus.  The  postero-median  (2)  enter  the 
posterior  perforated  space  and  supply  the  internal  surface  of  the  optic  tlialami  and  the  walls  of 
the  third  ventricle.  The  antero-lateral  groups  (3,  3)  from  the  middle  cerebral  enter  the 
anterior  perforated  space,  supply  the  corpora  striata,  the  anterior  part  of  the  optic  thalamus, 
and  the  internal  capsule.    These  branches  are  apt  to  rupture.    The  postero-lateral  (4,  4) 
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siu.i.lv  a  lar-e  i.ait  of  tlie  optic  thalami  [Charcot).  A  line  drawn  at  a  distance  of  two  centi- 
nLtreslts'fethe^  ofSvillis,  encloses  the  ganglionic  area.  The  cerebra  convolutions 
a  e  supS  by  he  1^^^^^  branches  of  the  circle  of  Willis.  The  anterior  cerebral  curves  round 
XTo^;  t  cai\osun.,  and  supplies  the  gyrus  -ctus  and  the  supraorbrtal  the^^  second 
frontal  convolutions,  the  up-per  part  of  the  ascending  frontal,  and  the  innei  surtace  ot  the 


heniisphere  as 


far  as  the  quadrate  lobule  (tig.  510,  1).    The  posterior 


re<^ion"  of  the  occipital  lobe  and  the  inferior  aspect  of  the  temporal  lobe  ;  the  m: 
orlsylyian  artery  divides  into  four  branches,  which  go  to  the  posterior  part  ol^  th 


cerebral  goes  to  the 
the  middle  cerebral 
e  frontal  lobe, 
ascending  frontal,  and  to  all  the 
parietal  lobes,  i.e.,  chiefly  to  the 
motor  areas  (III),  the  angular 
gyrus,  and  to  the  fust  temporo- 
sphenoidal  lobule.  The  terminal 
branches  of  these  ganglionic 
arteries  do  not  anastomose  with 
the  cortical  system.  Fig.  511 
shows  the  ganglionic  arteries 
piercing  the  ba.sal  ganglia.  Ob- 
viously, when  hemorrhage  of 
the  lenticulo-striate  artery  or 
"artery  of  haemorrhage"  (4,  4) 
occurs,  it  will  compress  the  len- 
ticular nucleus,  or  tear  it  up,  and 
may  even  injure  the  parts  out- 
side, such  as  the  external  cap- 
sule, claustrum  (T),  and  island 
of  Eeil  (R),  or  those  inside,  c.rj., 
the  internal  cajjsule.] 

[Thus,  the  anterior  cerebral 
supplies  the  prefrontal  area  and 
a  small  part  of  the  motor  area, 
that  for  the  leg-centre  in  the 
paracentral  lobule  and  upper  end 
of  the  ascending  frontal  (and 
]ierhaps  that  for  the  trunk).  The 
posterior  cerebral  supplies  the 
centre  for  vision,  and  that  con- 
nected with  the  course  of  the 
posterior  part  of  the  optic  ex- 
pansion, and  also  the  sensory 
part  of  the  internal  capsule.  The 
middle  cerebral  supplies  the 
motor  areas  of  the  cortex,  except 
})art  of  the  leg-centre  and  the 
basal  ganglia,  theauditory  centre, 
and  that  for  speech.] 

[The  cerebral  circulation  has 
The  curves  on  the  arteries  serve  to  modify  the  effect  of  the  cardiac  shock. 


Fig.  510. 

Arteries  of  the  base  of  the  brain,  or  circle  of  Willis.  C,  C,  in- 
ternal carotids;  CA,  anterior  cerebral ;  S,  S,  Sylvian  arteries; 
V,  V,  vertebrals;  B,  basilar;  CP,  posterior  cerebrals ;  1,  2, 
3,  3,  4,  4,  groups  of  nutrient  arteries.  The  dotted  line  shows 
the  limit  of  the  ganglionic  area. 

many  peculiarities. 

the  circle  of  Willis  permits  within  limits  a  free  circulation  ;  but,  in  as  far  as  the  skull  is  largely 
a  rigid  box,  it  was  at  one  time  taught  that,  as  the  brain  substance  and  its  fluids  were  prac- 
tically incompressible,  it  was  impossible  to  alter  the  amount  of  blood  in  the  brain.  This  is  a 
mistake.  The  amount  of  blood  undergoes  an  alteration  in  this  way,  that  when  more  blood 
passes  in,  some  ccrebro-spinal  fluid  moves  out,  and  vice  vcrsd,  so  that  there  is  an  intimate  relation 
between  these  fluids.  In  the  developing  skull,  the  cerebro-spinal  fluid  may  accumulate  in  large 
amount  within  the  ventricles^  and  greatly  distend  both  them  and  the  yielding  skull-case  from 
internal  pressure,  as  in  acute  hydrocephalus.  The  peculiarities  and  independence  of  the  cortical 
and  ganglionic  arteries  have  already  been  referred  to.  Plugging  by  means  of  a  clot,  vegetation, 
or  wart,  carried  from  the  heart,  is  common  in  the  left  middle  cerebral  artery. — W' hy  'i — ^When 
the  plug  is  washed  away  by  the  blood-stream,  owing  to  the  left  carotid  springing  from  the  aorta 
nearly  in  line  with  the  blood-current,  the  plug  readily  passes  into  the  carotid  and  so  into  the 
left  middle  cerebral  which  is  in  line  with  the  internal  carotid.  In  such  a  case,  the  convolutions 
and  parts  supplied  by  it  are  suddenly  deprived  of  blood  with  immediate  and  serious  results.] 

[The  venous  circulation  is  peculiar.  The  sinuses  are  really  spaces  between  the  layers  of  the 
tough  dura  mater,  and  partly  bounded  by  bone.  The  blood  moves  in  the  longitudinal  sinus 
from  before  backwards,  but  most  of  the  cortical  veins  open  into  it  in  a  forward  direction,  so 
that  their  stream  is  opposed  to  that  in  the  sinus.  Thus,  the  blood  which  enters  the  brain  by 
ascending  arteries  reaches  the  sinuses  by  ascending  veins,  the  reverse  of  what  obtains  elsewhere, 
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in  parts  where  ascending  veins  convey  blood  from  descending  arteries,  whereby  the  liydrostatic 
pressure  and  gravity  aid  the  circulation,  but  here  gravitation  is  o))posed  to  the  How  of  blood  in  the 
cerebral  veins.  This  will  help  to  explain  the  occurrence  of  thrombosis  in  these  vessels.  Some 
of  the  veins  on  the  surface  communicate  with  intracranial  veins,  e.g.,  those  of  the  nose,  the 
facial  through  the  ophthalmic,  mastoid  veins,  and  veins  of  the  diploce.  Hence,  morbid  processes 
affecting  the  scalp  (erysipelas),  ear  (caries),  or  face  (carbuncle)  may  readily  alTect  intracranial 
structures  {Goiccrs).'] 

If  a  person  wlio  has  been  in  bed  for  a  long  time,  and  whose  blood  is  small  in  amount,  be 
suddenly  raised  into  the  erect  position,  cerebral  an;emia  is  not  unfrequently  produced,  owing  to 
hydrostatic  causes.  At  the  same  time,  there  may  be  loss  of  consciousness  and  impairment  of 
tlie  senses.  Liebermeister  regards  the  thyroid  gland  as  a  collateral  blood-reservoir  which 
empties  its  blood  towards  the  head  during  such  changes  of  the  position  of  the  body.  Perhaps 
this  may  explain  the  swelling  of  the  thyroid  as  a  compensatory  act,  when  the  heart  beats 
violently,  and  the  brain  is  surcharged  with  blood  (^§  103,  III.,  and  371).  Very  violent 
muscular  exertion,  as  well  as  marked  activity  of  other  organs,  causes  a  very  considerable  fall  of 
the  blood-pressure  in  the  caiotid. 

Pressure  on  the  Brain. — The  bi'ain  and  the  lluid  surrounding  it  are  constantly  subjected  to 
a  certain  mean  presfmrc,  which  must  ultimately  depend  upon  the  blood-pressure  within  the 
vascular  system.  The  investigations  of  Naunyn  and  Schreiber  on  the  cerebral  pressici-e  (or 
cerebro-spinal  pressure)  showed  that  the  pressure  must  be  slightly  less  than  the  pressure 
within  the  carotid,  before  the  symptoms  proper  to  pressure  on  the  brain  occur.  These  are, 
sudden  attacks  of  headache,  with  vertigo,  or  it  ma}-  be  loss  of  consciousness,  vomiting,  slowing 
of  the  pulse,  slow  and  shallow  respiration,  convulsions — while  the  pressure  of  the  cerebi'o 


Fig.  511. 

Transverse  section  of  the  cerebrum  behind  the  optic  chiasma.  Arteries  of  the  corpus  striat\im. 
C  /t,  optic  chiasma  ;  B,  section  of  optic  tract ;  L,  lenticular  nucleus  ;  I,  internal  capsule  ; 
C,  caudate  nucleus  ;  E,  external  capsule  ;  T,  claustruni  ;  I!,  convolutions  of  the  island  of 
Reil ;  V,  V,  section  of  the  lateral  ventricles ;  P,  P,  pillars  of  the  fornix  ;  0,  grey  substance 
of  the  third  ventricle.  Vascular  areas — I,  anterior  cerebral  artery  ;  II,  Sylvian  artery  ; 
III,  posterior  cerebral  artery  ;  1,  internal  carotid  ;  2,  Sjdvian,  3,  anterior  cerebral  artery  ; 
4,  4,  lenticulo-striate  arteries  ;  5,  5,  lenticular  arteries. 

spinal  fluid  is  increased.  The  cause  of  these  phenomena  lies  in  the  anajmia  of  the  brain.  If 
the  pressure  is  moderate,  the  above-named  symptoms  may  remain  latent ;  nevertheless, 
disturbances  of  the  nutrition  of  the  brain  occur,  witli  consecutive  phenomena,  such  as 
persistent  slight  headache,  feeling  of  vertigo,  muscular  weakness,  and  disturbances  of  vision 
(owin<r  to  neuro-retinitis  with  choked  disc).  Increase  of  the  blood -pressure  diminishes  the 
symproms,  while  diminution  of  the  blood-pressure  causes  more  pronounced  phenomena  of 
cerebro-spinal  pressure.  In  the  dog,  pain  begins  with  a  pressure  of  70  to  80  mm.  Hg. 
Conscioiisncss  is  abolished  when  the  pressure  is  higher,  and  at  80  to  100  mm.  .spasm-t  take  place. 
A  pressure  of  100  to  120  mm.  causes  sloxeingof  the  pulse,  owing  to  stimulation  of  the  vagus  at 
its  origin  ;  the  respirations  are  temporarily  accelerated  and  then  diminish.  Long-continued 
severe  compression  ahvavs,  sooner  or  later,  ends  fatally.  The  blood-pressure  at  first  is  increased, 
owino-  to  reflex  stimulation  of  the  vaso-motor  centre  from  the  pressure  stinnilating  the  sensory 
nerves  ;  ultimately,  the  blood-pressure  falls,  and  the  pulse  becomes  very  slow.  Irregular 
variations  in  the  blood -pressure  point  to  a  direct  central  stimulation  of  the  vaso-motor  centre 
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COMPARATIVE  AND  HISTORICAL. 


by  pressure.  The  application  of  continued  slowly  increasing  pressure  compresses  the  brain 
(AdamHavicz). 

382.  COMPARATIVE— HISTORICAL.— Comparative.— Nerves  are  absent  in  the  protozoa. 

Neuro-n'iuseular  cells  occur  in  the  ccelenterata,  in  the  hydroida  and  niedusis,  and  they  are  the 
first  indications  of  a  nervous  ajiparatus  (§  296).  The  umbrella  of  the  medusa,  is  covered  with 
a  plexus  of  nerve-fibrils,  which  at  various  parts  along  its  margin  is  provided  with  small 
cellular  thickenings  corresponding  to  ganglia,  and  from  these,  nerve-fibres  proceed^  to  the 
sense  organs.  ]\Iany  of  the  worms  possess  a  nervous  ring  in  the  cephalic  portion,  and  in  those 
provided  with  an  intestine  a  single  or  double  nervous  cord,  in  the  form  of  a  ring,  surrounds 
the  phar3'nx.  Branches  (often  two)  pass  from  this  into  the  elongated  body,  and  usually  these 
carry  ganglia  corresponding  to  each  ring  of  the  body  of  the  animal.  In  the  leech,  only  one 
gangliated  cord  is  present.  In  the  echinodermata,  a  large  nerve-ring  surrounds  the  mouth  ; 
and  from  it  large  nerves  proceed,  corresponding  to  the  chief  trunks  of  the  water-vascular 
system.  At  the  points  where  the  nerves  are  given  off,  the  nervous  ring  is  provided  with  the 
so-called  " ambulacral  brains."  The  arthropoda  are  provided  with  a  large  cephalic  ganglion 
placed  above  the  pharynx,  froui  which  nerves  pass  to  the  sense  organs.  Another  ganglion  lies 
on  the  under  surface  of  the  pharynx,  and  is  connected  with  the  former  by  commissures.  The 
])harynx  is  thus  embraced  by  a  gangliated  ring,  and  from  it  proceeds  the  abdominal  gangliated 
double  chain,  along  the  ventral  surface  of  the  body,  through  the  thorax  and  abdomen.  Some- 
times several  ganglia  unite  to  form  a  large  compound  ganglion,  while,  in  other  cases,  each 
segment  of  the  body  contains  its  own  ganglia.  In  the  mollusca,  the  oesophageal  nervous  ring 
is  present,  although  the  ganglionic  masses  vary  much  in  position  within  it.  A  number  of 
compound  ganglia  lie  scattered  in  different  parts  of  the  body,  and  are  united  by  nerves  to  the 
former.  They  represent  the  sympathetic  system.  In  the  cephalopoda,  the  cesophageal  ring 
has  almost  no  commissure,  and  a  part  of  the  ganglionic  matter  is  enclosed  in  a  cartilaginous 
capsule,  and  is  often  spoken  of  as  a  "brain."  Additional  ganglia  are  found  in  the  mantle, 
heart,  and  stomach.  In  vertebrates,  the  nervous  system  invariably  lies  on  the  dorsal  aspect 
of  the  body.  In  the  amphioxus,  there  is  no  separation  into  brain  and  spinal  coi'd.  (See 
§§  374  and  375.) 

Historical. — Alkmaon  (580  B.C.)  placed  the  seat  of  consciousness  in  the  brain  ;  Galen 
(131-203  A.r. )  regarded  it  as  the  seat  of  the  impulses  for  voluntarj' movements.  Aristotle 
(384  B.C.)  ascribed  the  relatively  largest  brain  to  man;  he  stated  that  it  was  inexcitable  to 
stimuli  (insensible).  One  of  the  functions  he  ascribed  to  the  brain  was  to  cool  the  heat 
ascending  from  the  heart.  Herophilus  (300  B.C.)  gave  the  name  calamus  scriptorius  ;  and  he 
regarded  the  4th  ventricle  as  the  most  important  organ  for  the  maintenance  of  life.  Even  in 
Homer  there  are  repeated  references  to  the  dangers  of  injuries  of  the  neck.  Aretaeus  and 
Cassius  Felix  (97  a.d.)  were  aware  of  the  fact  that  lesion  of  one  cerebral  hemisphere  caused 
paralysis  on  the  opposite  side  of  the  body.  Galen  was  acquainted  with  the  path  in  the  spinal 
cord  connected  with  movement  and  sensation.  Yesalius  (1540)  described  the  five  ventricles  of 
the  brain.  R.  Colombo  (1559)  observed  the  movements  of  the  brain  isochronous  with  the 
action  of  the  heart.  A  more  careful  description  of  these  movements  was  given  by  Riolan 
(1618).  Goiter  (1573)  discovered  that  an  animal  can  live  after  removal  of  its  cerebrum.  About 
the  middle  of  the  17th  century,  Wepfer  discovered  the  hitmorrhagic  nature  of  apoplexy. 
Schneider  (1660)  estimated  the  weight  of  the  brain  in  different  animals.  Mistichelli  (1709) 
and  Petit  (1710)  described  the  decussation  of  the  fibres  of  the  spinal  cord  below  the  pons. 
Gall  discovered  the  partial  origin  of  the  ojjtic  nerve  from  the  anterior  pair  of  the  corpora 
quadrigemina,  and  by  dissecting  the  brain  from  below,  he  attempted  to  trace  the  course  of  the 
nerve-fibres  to  the  convolutions  (1810).  Rolando  described  more  accurately  the  form  of  the 
grey  matter  of  the  spinal  cord.  Carus  (1814)  discovered  the  central  canal.  The  most 
compendious  work  on  the  brain  was  written  by  Burdach  (1819-1826).  The  more  recent 
observations  are  referred  to  in  the  text. 


Physiology  of  the  Sense  Organs. 


383.  INTRODUCTORY  OBSERVATIONS.— Requisite  Conditions.— The 
sense  organs  have  the  function  of  transferring  to  the  sensorium  impressions  of  the 
various  phenomena  of  the  external  world ;  they  are,  in  fact,  the  intermediate 
instruments  of  sensory  perceptions.  In  order  that  this  may  occur,  the  following 
conditions  must  be  fulfilled  : — (1)  The  sense  organ,  provided  with  its  specific  end- 
organ,  must  be  anatomically  perfect,  and  capable  of  acting  physiologically.  (2) 
A  "  specific  stimulus  "  must  be  present,  which  under  normal  conditions  acts  upon 
the  end-organ.  (3)  The  sense  organ  must  be  connected  with  the  cerebrum  by 
means  of  a  nerve,  and  the  conduction  through  this  path  must  be  uninterrupted. 
(4)  During  the  act  of  stimulation,  the  psychical  activity  (attention)  must  be 
directed  to  the  process,  and  then  the  sensation  results,  e.g.,  of  light  or  sound, 
through  the  sense  organ.  (5)  Lastly,  when,  by  a  psychical  act,  the  sensation  is 
referred  to  the  external  cause,  then  there  is  a  conscious  sensory  perception.  Often, 
however,  this  relation  is  completed  as  an  unconscious  conclusion,  as  it  is  essentially 
a  deduction  from  previous  experience. 

Stimuli. — "With  regard  to  the  stimuli  which  are  applied  to  the  sensory  apparatus,  we  dis- 
tinguish : — (1)  Adequate  or  homologous  stimuli,  i.e.,  stimuli  for  whose  action  the  sense  organs 
are  specially  adapted,  such  as  the  rods  and  cones  of  the  retina  for  the  vibrations  of  the  ether. 
Thus,  each  sense  organ  has  a  specific  form  of  stimulus  best  adapted  to  act  upon  it.  This  is 
what  Johannes  IMilller  called  the  "  law  of  specific  energy."  (2)  There  are  many  other  forms 
of  stimuli  (mechanical,  thermal,  chemical,  electrical,  internal  somatic)  which  act  upon  the  sense 
organs,  producing  the  flash  of  light  beheld  when  the  eye  is  struck  ;  singing  in  tne  ears' when 
there  is  congestion  of  the  head.  These  heterologous  stimuli  act  upon  the  nervous  elements  of 
the  sensory  ai^paratus  along  their  entire  course,  froin  the  end-organ  to  the  cortex  cerebri.  The 
homologous  stimuli,  on  the  other  hand,  act  only  on  the  end-organ,  i.e.,  light  has  no  effect 
whatever  upon  the  trunk  of  the  exposed  optic  nerve. 

Strength  and  Liminal  Intensity. — Homologous  stimuli  act  upon  the  sensory 

organs  only  within  certain  limits  as  to  strength.    Very  feeble  stimuli  at  first 

produce  no  effect.    That  strength  of  stimulus  which  is  just  sufficient  to  cause  the 

first  trace  of  a  sensation  is  called  by  Fechner  the  "  liminal  intensity "  of  the 

sensation.    As  the  strength  of  the  stimulus  increases,  so  also  do  the  sensations,  but 

the  sensations  increase  equally  when  the  strength  of  the  stimulus  increases  in 

relative  proportions.    Thus,  we  have  the  same  sensation  of  equal  increase  of  light 

when,  instead  of  10  candles,  11,  or  instead  of  100  candles,  110  are  lighted — the 

proportion  of  increase  in  both  cases  is  equal  to  one-tenth.    As  the  logarithm  of  the 

numbers  increases  in  an  equal  degree,  when  the  numbers  increase  in  the  same  relative 

proportion,  the  law  may  be  expressed  thus  : — "  The  sensations  do  not  increase  with 

the  absolute  strength  of  the  stimuli,  but  nearly  as  tlie  logarithm  of  the  strength  of 

the  stimulus."    This  is  Feclmer's  "psycho-physical  law,"  but  its  accuracy  has 

recently  been  challenged  by  E.  Hering.    [It  holds  good  only  with  regard  to  stimuli 
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of  medium  strength.]  If  the  specific  stimulus  be  too  intense,  it  gives  nse  to 
peculiar  painful  sensations,  e.g.,  a  feeling  of  blindness  or  deafness,  as  the  case  may 
be.  The  sense  organs  respond  to  adequate  stimuli,  but  only  within  certain  hmiU 
of  the  stimulus,  e.g.,  the  ear  responds  only  to  vibrating  bodies  emitting  a  certain 
range  of  vibrations  per  second  ;  the  retina  responds  only  to  the  vibrations  of  the 
ether  between  red  and  violet,  but  not  to  the  so-called  heat  vibrations  or  to  the 
chemically  active  vibrations. 

[It  was  Weber  who  worked  out  the  relation  between  the  intensity  of  stimuli  and  the  chaiiges 
in  the  quantity  of  the  resulting  sensations.  He  used  the  method  of  "least  observable  differ- 
ences," as  applie<l  to  sensations  of  pressure  and  the  measurements  of  lines  by  the  eye.  Hence, 
it  is  called  Weber's  Law  ;  but  Fechner  expanded  it  and  assumed  that  all  just  observable  differ- 
ences are  equally  great,  and  so  the  law  is  sometimes  called  by  his  name.] 

[Fechner's  Law. —Expressed  in  another  way,  the  result  depends  on  (1)  the  strength  of  the 
stimulus,  and  (2)  the  degree  of  excitability.  Supposing  the  latter  to  be  constant,  wliile  the 
former  is  varied,  it  is  found  that  if  the  stimulus  be  doubled,  trii)led,  or  quadrupled,  the  sensa- 
tion increases  oidy  as  the  locjarithm  of  the  stimulus.  Suppose  the  stimulus  to  be  increased  10, 
100,  or  1000  times,  then  the  sensation  increases  only  as  1,  2,  or  3.  Just  as  there  is  a  loiuer 
limit  of  excitation  liminal  intensity  (or  thresliold),  so  there  is  an  upper  limit  or  maximum  of 
excitation  or  heicjht  of  sensibility,  when  any  further  increase  produces  no  appreciable  increase 
in  the  sensation.  Thus,  we  do"  not  notice  any  difference  between  the  central  and  peripheral 
portion  of  the  sun's  disc,  though  the  difference  of  light  intensity  is  enormous  {Sicily).  Between 
these  two  is  the  range  of  scasihility  [IVunclt).  There  is  always  a  constant  ratio  between  the 
strength  of  the  stimulus  and  the  intensity  of  the  sensation.  The  stronger  the  stin)ul us  already 
applied,  the  stronger  must  be  the  increase  of  the  stimulus  in  order  to  cause  a  perceptible  increase 
of  the  sensation  (Weber's  Law).  The  necessary  increment  is  proportional  to  the  intensity  of 
the  stimulus,  and  it  varies  for  each  sense  organ.  If  a  weight  of  10  grammes  be  placed  in  the  hand, 
it  is  found  that  3  "3  grammes  must  be  added  or  removed  before  a  difference  in  the  sensation  is 
perceptible  ;  if  100  gi-ammes  are  held,  33 '3  grammes  must  be  added  or  removed  to  obtain  a  per- 
ceptible difference  in  the  sensation.  The  magnitude  of  the  fraction  indicating  the  increment  of 
stimulus  necessary  to  obtain  a  perceptible  difference  of  the  sensation,  is  spoken  of  as  the  constant 
proportion  or  the  disanmimtive  sensibility.  In  the  above  case  it  is  1  :  3.  The  following  table 
gives  approximately  the  constant  proportion  for  each  sense  : — 
Tactile  Sensation,       .      •  1:3.^ 


Thermal      „  .  .1:3.^ 


Muscular  Sensation,       .    6  :  IOO.yttt 
Visual  ,,  .    1  :  100.  y^^.] 

Auditory     ,,  .       .    1  :  3.  J 

[The  application  of  the  law  to  temperature  sensations  is  beset  with  great  difficulties,  while 
for  taste  and  smell  we  do  not  know  that  it  is  really  a})plicable.  From  an  experimental  point 
of  view,  it  cannot  be  said  to  be  proved,  and  its  application  is  obviously  somewliat  restricted  to 
Certain  sensations,  and  to  these,  only  within  a  certain  range.  It  certainly  does  not  hold  good 
for  sensations  of  pressure,  and  muscular  sense,  near  the  lower  limits  for  these  senses.  ' '  At 
best  it  is  only  an  approximately  correct  statement  of  what  holds  true  of  the  relative  intensity 
of  certain  sensations  of  light  and  hearing,  and  less  exactly  of  pressure  and  the  muscular  sense, 
when  these  sensations  are  of  moderate  strength  "  {Ladd).] 

The  term  after-sensation  is  applied  to  the  follovping  phenomenon,  viz.,  that,  as 
a  rule,  the  sensation  lasts  longer  than  the  stimulus  producing  it ;  thus,  there  is  an 
after -sensation,  after  pressure  is  applied  to  the  skin.  Subjective  sensations 
occur  when  stimuli  due  to  internal  somatic  causes  excite  the  nervous  apparatus  of 
the  sense  organ.  The  highest  degrees  of  these,  depending  mostly  upon  pathological 
stimulation  of  the  sensory  cortical  centres,  are  characterised  as  hallucinations, 
e.g.,  when  a  delirious  person  imagines  he  sees  figures  or  hears  sounds  which  have  no 
objective  reality.  In  opposition  to  this  condition,  the  term  illusion  is  applied  to 
modifications  by  the  sensorium  of  sensations  actually  caused  by  external  objects, 
e.g.,  when  the  rolling  of  a  waggon  is  mistaken  for  thunder. 

In  a  new-bom  child,  the  sense  of  touch  is  strongly  developed,  that  of  pain  slightly,  muscular 
sensations  are  undoubtedly  present,  while  smell  and  taste  are  frequently  confounded.  Auditory 
stimuli  are  heard  from  the  second  day  onwards,  the  stimulus  of  light  immediately  after  birth, 
but  a  peripheral  lield  of  vision  does  not  yet  exist  {Cuignet).  Towards  the  fourth  to  fifth  week, 
the  movements  of  convergence  and  accommodation  are  noticable,  while  after  four  months, 
colours  are  distinguished.  The  various  stimuli  are  not  perceived  simultaneously— a  reflex 
inhibitory  centre  is  not  yet  developed  {Genzmcr). 
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The  Visual  Apparatus— The  Eye. 

384.  HISTOLOGICAL  OBSERVATIONS.— In  the  following  remarks  it  is 
assumed  that  the  student  is  familiar  with  the  anatomical  structure  of  the  eye  : — 

The  cornea,  for  the  sake  of  simplicity,  is  regarded  as  uniformly  spherical,  although,  properly 
speaking,  it  differs  slightly  from  this  form.  It  is  more  like  a  vertical  section  of  a  somewhat 
obli(pie  ellipsoid,  which  we  must  suppose  to  be  formed  by  rotating  an  elli])se  around  its  long 
axis  {Briicke).  It  is  nearly  of  uniform  thickness  throughout,  only  in  the  infant  it  is  slightly 
thicker  in  the  centre,  and  in  the  adult  slightly  thinner.  The  cornea  consists  of  the  following 
layers  : — 

[1.  Anterior  stratified  epithelium.  4.  Posterior  elastic  lamina. 

2.  Anterior  elastic  lamina.  5.  Single  layer  of  epithelium.] 

3.  Substantia  propria. 

1.  The  anterior  epithelium,  stratified  and  nucleated,  consists  of  many  layers  of  cells  (fig.  514, 
a).  The  deepest  cells  are  more  or  less  columnar,  are  arranged  side  by  side,  and  are  called 
supporting  cells.  The  cells  of  the  middle  layers  are  more  arched,  and  dip  with  finger-shaped 
processes  into  corresponding  spaces  between  their  neighbours.  The  most  superficial  cells  are 
ftat,  perfectly  smooth,  hard,  keratin-containing  squamous  epithelium.  2.  The  epithelial  layer 
rests  upon  the^anterior  elastic  membrane  (Bowman's  elastic  lamina),  a  structureless  clear  base- 


Fig.  512.  Fig.  513. 


Fig.  512. — Cornea  of  the  frog  treated  with  chloride  of  gold,  showing  the  corneal  corpuscles 
stained,  and  a  few  nerve-fibrils.  Fig.  513. — Cornea  of  the  frog  treated  with  silver  nitrate; 
the  ground  substance  is  stained,  while  the  spaces  for  the  corneal  corpuscles  are  left 
unstained. 

ment-like  membrane  {b),  whose  existence  is  denied  by  Briicke.  3.  The  substantia  propria  of 
the  cornea  consists  of  (chondrin-yielding)  fibres  composed  of  delicate  fibrils  of  connective-tissue. 
The  fibres  are  arranged  in  mat-like  thin  lamellfe  (Z),  more  or  less  united  together,  and  are 
placed  in  layers  over  each  other.  Towards  the  anterior  elastic  lamina,  the  fibres  bend  round 
and  perforate  the  superficial  lamellre,  thus  serving  as  supporting  fibres.  [These  perforating 
fibres  are  comparable  to  Sharpey's  fibres  in  bone.]  Between  the  lamelhe  are  a  series  of  inter- 
communicating spaces  lined  by  endothelium.  These  sjtaces  are  really  lymph-spaces,  and  they 
communicate  with  the  lymphatics  of  the  conjunctiva.  The  fixed  corneal  corpuscles  lie  in  these 
spaces  (f),  and  are  provided  with  numerous  processes,  which  anastomose  with  the  processes  of 
corpuscles  lying  between  the  lamella}  above  and  below,  and  on  either  side  of  them.  Kiihne 
observed  that  stimulation  of  the  corneal  nerves  was  followed  by  contraction  of  these  cells  (§  201, 
7),  while  Kiihne  and  Waldeyer  maintain  that  they  are  connected  with  the  corneal  nerve-fibrils. 

[The  corneal  corpuscles  are  looked  upon  as  branched  connective-tissue  corpuscles  lying  in 
and  not  <(uite  filling  the  branched  spaces  between  the  lamella3.  The  processes  anastomose 
freely  with  similar  cells  in  the  same  plane,  and  to  a  less  exteut  with  the  processes  of  cells  in 
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nl-ines  immediately  above  and  below  them.  In  a  section  stained  with  gold  chloride,  they 
F.  ™/  t  earance  seen  in  ii-.  512.  In  a  vertical  section  of  the  cornea,  they  appear 
KsTfor  n  audpa  X^^^^  surface  of  the  cornea  (tig.  514).    If  the  cornea  of  a  frog  be 

S  Xd  witi  sUver  nitrate,  the  cement-substance  between  the  lamelhe  is  blackenc-d.  and  the 
bmnctd  cl  llVsp^  renmin  clear,  as  in  tig.  513.  The  one  figure-  represents,  as  it  were,  the 
nnsitivc  and  the  other  the  negative  image.]  ,      „„      .        ,  c 

^  L\™y  also  pass  into  these  lymph-spaces  or  juice-canals.  '^^1^% "^^f  ^•^■^"^^\,ltirim 
leucocytes  in  inflanmiation  is  referred  to  in  §  200.  4.  The  transparent,  structureless  poste  ioi 
elastic  membrane  {d),  the  membrane  of  Descemet  or  Demours,  is  m  many  animals  hbrillated, 
and  shovvs  evidence  of  stratification,  while  towards  the  margin  of  the  cornea  there  aie 
occasionally  slight  conical  elevations.  This  membrane  is  very  tough  and  very  resistant  (of 
^reat  importanc°  in  inflammation).  If  it  be  removed,  it  rolls  up  towards  the  convex  side.  At 
fts  peripLry  it  becomes  continuous  with  the  fibro-elastic  reticulated  ligamentuni  ].ectinatum 
d  s.  whose  trabecular  are  covered  by  epithelium.    5.  The  posterior  single  layer  ot  epithelium 


Fig.  514. 

Antero-posterior  section  at  the  junction  of  the  cornea  with  the  sclerotic.    «,  anterior  corneal 
epithelium  ;  b,  Bowman's  lamina  ;  c,  corneal  corpuscles  ;  I,  corneal  lamellai  (the  whole 
thickness  lying  between  b  and  d  is  the  substantia  propria  cornese)  ;  d,  Desceniet's  mem- 
brane ;  e,  its  epithelium  ;  /,  junction  of  cornea  with  the  sclerotic  ;  g,  limbus  conjunctivse  ; 
h,  conjunctiva  ;  i,  canal  of  Schlemm  ;  k,  Leber's  venous  plexus  (is  regarded  by  Leber  as 
belonging  to  i)  ;  m,  m,  meshes  in  the  tissue  of  the  lig.  iridis  pectinatuni  ;  n,  attachment 
of  the  iris  ;  o,  longitudinal,  p,  circular  (divided  transversely)  bundles  of  fibres  of  the 
sclerotic  ;  q,  perichoroidal  sj^ace  ;  s,  meridional  [radiating],  t,  equatorial  (circular)  bundles 
of  the  ciliary  muscle  ;  ii,  transverse  section  of  a  ciliary  artery  ;  v,  epithelium  of  the  iris  (a 
continuation  of  that  on  the  posterior  surface  of  the  cornea)  ;  vj,  substance  of  the  iris  ;  a:, 
pigment  of  the  iris  ;  z,  a  ciliary  process, 
consists  of  flat,  delicate,  nucleated  cells  (e),  which  are  continued  from  the  margin  of  the  cornea 
on  to  the  anterior  surface  of  the  iris  (v).    Fine  juice-canals  exist  in  the  spaces  between  the  indi- 
vidual cells  (v.  Recklinghausen),    These  spaces  communicate  with  a  system  of  fine  tubes  under 
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the  epithelium,  perforate  Desceiuet's  membrane,  ami  thus  eommuuicate  with  the  corneal 
spaces. 

[Bowman's  tubes  arc  artificial  productions,  formed  by  forcing  air  or  a  coloured  fluid  between 
the  lamelhv,  when  it  passes  between  the  bundles  of  fibrils,  foriniug  a  series  of  tubes  witli  dilata- 
tions on  them  and  running  at  right  angles  to  one  another  between  the  laniellie.] 

The  nerves  of  the  cornea,  which  are  derived  from  the  long  and  short  ciliary  nerves  (§  347), 
are  partly  sensory  in  function.  They  enter  the  cornea  at  its  margin  as  mcdullated  fibres,  but 
the  myelin  soon  disappears,  while  the  axial  cylinders  split  u])  into  librils.  [The  axial  cylinders 
branch  and  form  a  plexus  between  the  lamellte,  especiallv  near  the  anterior  surfaci;,  the  funda- 
mental or  ground  plexus  (fig.  515,  n).  There  are  triangular  nuclei  at  the  nodal  points,  but 
they  probably  belong  to  the  sheath  of  flattened  cells  which  cover  the  larger  branches.  There 
is  a  finer  and  denser  plexus  of  fibrils  immediately  under  the  anterior  epithelium,  sub-epithelial 
plexus,  which  is  derived  from  the  former,  the  fibrils  arising  in  I'cncils  or  groups  (fig.  516).  Some 
fibrils  perforate  the  anterior  elastic  lamina,  rami  perforantes,  and  pass  between  the  anterior 
epithelial  cells  to  form  the  intra-epithelial  network  (fig.  515,  b,  2>).  Some  observers  suppose 
that  they  terminate  in  free, 

 t 


pointed,  or  bulbous  ends. 
There  is  also  a  fine  plexus  of 
fibrils  in  the  posterior  layers 
of  the  cornea,  near  Desceniet's 
membrane.  It  gives  off  nu- 
merous fine  fibrils,  which  come 
into  intimate,  if  not  direct, 
anatomical  relation  with  the 
corneal  corpuscles.  The  trojihic 
fibres  of  the  cornea  (§  347)  are, 
perhaps,  those  deeper  branches 
which  are  connected  with  the 
corneal  corpuscles.  ] 

[Method. — These  fibrils  are 
best  revealed  by  staining  a 
cornea  with  chloride  of  gold, 
which  tinges  them  of  a  purplish 
line  after  exposure  to  light 
(C'oh/iheini).  ] 

Blood-vessels  occur  only  in 
the  outer  margin  of  the  cornea 
(fig.  518,  v),  and  extend  2  mm. 
over  the  cornea  above,  1  "5  mm 


Vertical  section  of  the  cornea  stained 
nerve- fibrils  ;  a,  perforating  branch  ; 


with  gold  chloride,  n, 
r,  nucleus  ;  2^,  i>,  inter- 


epithelial  termination  of  fibrils  ;  s,  anterior  elastic  lamina. 


below,  and  1  mm.  laterally — the  most  external  capillaries  form 
arched  loops,  and  thus  turn  on  themselves.  The  cornea  is  nourished  from  the  blood-vessels  in 
its  margin.    Opacities  of  the  cornea  give  rise  to  many  forms  of  visual  defects. 

The  sclerotic  is  a  thick  fibrous  membrane,  composed  of,  p,  circular  (e(piatorial)  and,  o,  longi- 
tudinal (meridional)  bundles  of  connective-tissue  woven  together  (fig.  514).  The  spaces  between 
the  bundles  contain  colourless  and  pigmented  connective-tissue  corpuscles  and  also  leucocytes. 
It  is  thickest  posteriorly,  thinner  at  the  equator,  while  in  front  of  this  it  again  becomes  thicker, 
owing  to  the  insertion  of  the  tendons  of  the  straight  muscles  of  the  eyeball.  It  contains  few 
blood-vessels,  which  form  a  wide-meshed  capillary  plexus,  immediately  under  its  deep  surface. 
Other  vessels  form  an  arterial  ring  around  the  entrance  of  the  optic  nerve.  It  rarely  is  quite 
splierical ;  it  rather  resembles  an  ellipsoid,  which  we  might  imagine  to  be  formed  by  the  rota- 
tion of  an  ellipse  around  its  short  axis  (short  eyes)  or  around  its  long  axis  (long  eyes).  Above 
and  below,  the  sclerotic  overlaps  like  a  fold  the  clear  margin  of  the  cornea  ;  hence,  when  the 
cornea  is  viewed  from  before,  it  appears  transversely  elliptical,  when  seen  from  behind,  it 
appears  circular.  Following  tlie  margin  of  the  cornea,  but  lying  still  within  the  substance  of 
the  sclerotic,  is  the  circular  canal  of  Schlemm  (i),  which  comnuinieates  with  other  anastomosing 
veins,  the  venous  plexus  of  Leber  {k),  Schwalbe  and  Waldeyer  regard  Schlennn's  canal  as  a 
lymphatic.  Posteriorly,  the  sclerotic  becomes  continuous  with  the  fibrous  covering  of  the  optic 
nerve  derived  from  the  dura  mater.  The  sclerotic  is  provided  with  nerves,  which  are  said  to 
terminate  in  tlie  cells  of  the  scleral  substance  [Helfrcich). 

The  tunica  uvea,  or  the  uveal  tract,  is  composed  of  the  choroid,  the  ciliary  part  of  the  choroid, 
and  the  iris. 

The  choroid  is  composed  of  the  following  layers  (fig.  517)  : — (1)  Most  internally  is  the 
transparent  limiting  membrane,  07  in  thickness,  but  it  is  slightly  thicker  anteriorly.  (2) 
The  very  vascular  capillary  network  of  tlie  chorio-capiUaris,  or  membrane  of  Ruysch,  embedded 
in  a  homogeneous  layer.  Then  follows — (3)  a  layer  of  a  thick  elastic  network,  covered  on 
both  surfaces  by  endothelium  (Sattler).  (4)  The  choroid  proper  consists  of  a  layer  with 
pigmented  connective-tissue  corpuscles,  together  witli  a  thick  elastic  network,  containing 
the  numerous  venous  vessels  as  well  as  the  arteries.    The  pigmented  layers  are  known  as  the 
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supra-choroidea,  or  lamina  fusca,  ^^■]m■h  sunoiinds  the  large  lymphatic  space  lined  with 
endothelium  and  called  the  perichoroidal  space,  q.  In  new-born  infants,  which  according  to 
Aristotle  have  the  iris  dark  blue,  the  uveal  tissue  is  devoid  of  pigment ;  lu  brunettes  it  is 
developed  later,  and  in  blondes  not  at  all. 

In  thi'  ciUai-y  part  of  the  choroid,  the  pigmented  connective-tissue  corpuscles  are  not  so 
numerous  Th.-  ciliary  muscle  (tensor  choroidere,  or  muscle  of  accommodation)  is  placed  in 
this  reo-ion  It  arises  (.s),  by  means  of  a  branched,  reticulated,  connective-tissue  origin,  from 
the  inn°r  side  of  the  junction  of  the  cornea  and  scleiotic,  near  the  canal  of  Schlemm,  and 
passes  backwards  to  be  inserted  into  tlic  choroid.  This  constitutes  the  radiating  fibres. 
Otlier  fibres  lying  internal  to  these  are  arranged  circularly,  t,  in  bundles  m  the  ciliary  margin. 
These  circular  fibres  are  sometimes  called  Heinrich  Miillei's  muscle.  Tlie  muscle  consists  of 
smooth  muscular  fibres,  and  is  supplied  by  the  oculomotorius  (§  345,  3).  ,      ,  n 

The  iris  consists  of  the  following  parts  from  before  backwards  :— a  layer  of  epithelial  cells  (v) 
continuous  with  those  covering  the  posterior  surface  of  the  cornea,  a  layer  of  reticulated 


Fig, 


Fig.  516.  Fig.  517. 

516. — Nerve-plexus  in  the  cornea  after  gold  chloride,  n,  nerve;  a,  fibrils.  Fig.  517. — Ver- 
tical section  of  the  choroid  and  a  part  of  the  sclerotic.  (1)  sclerotic  ;  (2)  lamina  supra- 
choroidea  ;  (3)  layer  of  large  vessels  ;  (4)  limiting  layer  ;  (5)  chorio-capillaris  ;  (6)  hyaline 
membrane  ;  (7)  pigment  epithelium  ;  (g)  large  blood-vessels  ;  {p)  pigment-cells;  (f)  sections 
of  capillaries. 


connective-tissue,  the  layer  of  blood-vessels,  and  lastly  a  posterior  limiting  membrane,  which 
contains  the  pigmentary  epithelium  (.o)  {MicJicl).  In  brunettes,  the  texture  of  the  iris  contains 
pigmented  connective-tissue  corpuscles.  The  iris  in  some  animals  is  described  as  containing 
two  muscles  composed  of  smooth  muscular  fibres — one  set  constituting  the  sphincter  pupillsB 
(circular — fig.  533),  which  surrounds  tlu;  pupil,  and  lies  nearer  the  posterior  than  the  anterior 
surface  of  the  iris  (§  392).  Its  nerve  of  supply  is  derived  from  the  oculomotorius  (§  345,  2). 
The  other  fibres  constitute  the  dilator  pupillse  (radiating),  which  consists  of  a  thinner  layer  of 
fibres  arranged  in  a  radiate  manner.  Some  of  the  fibres  reach  to  the  margin  of  the  pupil, 
while  others  bend  into  the  sjjhincter.  [The  existence  of  a  dilator  pupillai  in  man  is  denied 
(§  392).]  At  the  outer  margin  of  the  iris,  the  radial  bundles  are  arranged  in  anastomosing 
arches,  and  form  a  circular  muscular  layer  {Merkcl).  The  chief  nerve  of  supply  for  the  dilator 
fibres  is  the  sympathetic  (§  347,  3).  Ganglia  occur  in  the  ciliary  nerves  in  the  choroid,  [and 
they  are  found  also  in  the  iris].  Gerlach  has  recently  applied  the  term  ligamcntum  annulare 
bulbi  to  that  complex  fibrous  arrangement  which  surrounds  the  iris,  and  at  the  same  time  forms 
tlie  point  of  union  of  the  ciliary  body,  iris,  ciliary  muscle,  sinus  venosus  iridis,  and  the  line  of 
junction  of  the  cornea  and  sclerotic. 

The  choroidal  vessels  are  of  great  importance  in  connection  with  the  nutrition  of  the  eye. 
According  to  Leber,  they  are  arranged  as  follows  : — The  arteries  are— 1.  The  short  posterior 
ciliary,  which  are  about  twenty  in  number  and  perforate  the  sclerotic  near  the  optic  nerve 
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(fig.  518,  a,  a).  Tliey  terminate  in  the  vascular  network  of  the  chorio-capiHaris  (hi),  which 
readies  as  far  as  the  ora  serrata.  2.  The  long  posterior  ciliary  ;  one  of  these  lies  on  the  nasal 
and  the  other  on  the  temporal  side,  and  they  run  [h)  to  the  ciliary  part  of  the  choroid,  where 
they  divide  dichotomously,  and  penetrate 
into  the  iris,  where  tliey  help  to  form  the 
circulus  arteriosus  iridis  major  (jj).  3.  The 
anterior  ciliary  {c),  which  arise  from  the 
muscular  branches,  perforate  the  sclerotic 
anteriorly,  and  give  branches  to  the  ciliary 
part  of  the  choroid  and  to  the  iris.  About 
twelve  branches  run  backwards  (o)  from 
them  to  the  ehorio-ca])illaris. 

Veins. — 1.  The  anterior  ciliai-y  veins  (c) 
receive  the  blood  from  the  anterior  part  of 
the  uvea  and  carry  it  outwards.  These 
branches  areconnected  withSchlemm'scanal 
and  Leber's  venous  plexus.  They  do  not 
receive  any  blood  from  the  iris.  2.  The 
venoxis  plexus  of  the  ciliary  processes  (?•) 
receives  the  blood  from  the  iris  {q),  and 
passes  backwards  to  the  choroidal  veins. 
3.  The  large  vasa  vorticosa  Stenonis  (A) 
perforate  the  sclerotic  behind  the  equator 
of  the  bulb. 

The  inner  margin  of  the  iris  rests  upon 
the  anterior  surface  of  the  lens  ;  the  poste- 
rior chamber  is  small  in  adults,  and  in  the 
new-born  child  it  may  be  said  scarcely  to 
exist — it  is  so  small.  "When  Berlin  blue  is 
injected  into  the  anterior  chamber  of  the 
eye,  it  generally  passes  into  the  anterior 
ciliary  veins  {Schwalbe).  Even  in  living 
animals,  carmin  also  behaves  in  a  similar 
manner  {Hcisrath) ;  hence,  these  observers 
conclude  tliat  tliere  is  a  direct  communica- 
tion between  the  veins  and  the  aqueous 
chamber,  as  these  substances  do  not  diffuse 

through  membranes.  e  ^    ^,^    ^        i     p  , 

Internal  to  the  choroid,  lies  the  single  Diagram  of  the  blood-vessels  of  the  eye  (horizontal 

layer  of  hexagonal  cells  (0-0135  to  0*02 


Fig.  518. 


view,  veins  black,  arteries  light,  with  a  double 
contour),  a,  a,  short  posterior  ciliary  ;  b,  long 
posterior  ciliary  ;  c,  c',  anterior  ciliarj'  artery  and 
vein  ;  d,  d',  artery  and  vein  of  the  conjunctiva  ; 
e,  e',  central  artery  and  vein  of  retina  ;  /,  blood- 
vessels of  the  inner,  and  g,  of  the  outer  optic 
sheath  ;  h,  vorticose  vein  ;  i,  posterior  short  cili- 
ary vein  confined  to  the  sclerotic  ;  k,  branch  of 
the  posterior  short  ciliary  artery  to  tlie  optic 
nerve  ;  I,  anastomosis  of  tlie  choroidal  vessels 
witli  those  of  the  optic  ;  m,  chorio-capillaris  ;  n, 
episcleral  branches  ;  o,  recurrent  clioroidal  artery  ; 
2),  gi'eat  circular  artery  of  iris  (transverse  section); 

blood-vessels  of  the  iris  ;  r,  ciliary  process  ;  s, 
branch  of  a  vorticose  vein  from  the  ciliary  muscle ; 
t,  branch  of  tlie  anterior  ciliary  vein  to  the  ciliary 
muscle  ;  u,  circular  vein  ;  v,  marginal  loops  of 
vessels  on  tlie  cornea  ;  w,  anterior  artery  and  vein 
of  the  conjunctiva. 

In  some  animals  (rabbit)  the  cells  contain  fatty 


mm.  in  breadth)  filled  with  crystalline  pig- 
ment. This  layer  really  belongs  to  the 
retina.  It  consists  of  a  single  layer  of  cells 
as  far  as  the  ora  serrata — it  is  continued  on 
to  the  ciliary  processes  and  the  posterior 
surface  of  the  iris,  where  it  forms  several 
layers  (fig.  514,  a:).  In  albinos  it  is  devoid 
of  pigment ;  on  the  other  hand,  the  uj)per- 
most  cells,  which  lie  on  the  ridges  of  the 
ciliary  in-ocesses,  are  always  devoid  of  pig- 
ment. [Tlie  processes  of  these  cells  vary  in 
length  with  the  nature  and  kind  of  light 
acting  on  the  retina  (§  398).] 

The  retina  externally  is  in  contact  with 
the  layer  of  hexagonal  pigment-cells  (Pi), 
which  in  its  development  and  functions 
really  belongs  to  the  retina.  The  cells  are 
not  flat,  but  they  send  pigmented  jirocesses 
into  the  si>ace  between  the  ends  of  the  rods. 

granules  and  other  substances.  The  cells  are  larger  and  darker  at  tlie  orra  serrata  {Kiiknc). 
The  retina  is  composed  of  the  following  layers,  proceeding  from  without  inwards  : — 


[1.  Layer  of  pigment-cells. 

2.  Eods  and  cones. 

3.  External  limitincj  membrane. 

4.  Outer  nuclear  layer. 

5.  Outer  molecular  (granular  or 

ternuclear)  layer. 


in- 


9. 
10. 


Inner  nuclear  layei-. 
Inner  molecular  (granular)  layer. 
Layer  of  nerve-cells  (ganglionic) 

layer. 
Layer  of  nerve-fibres. 
latcrnal  limitiiKj  incnibmne.] 

3  A 


THE  KETINA, 

1   The  hexagonal  pigment-cells  already  described.    2.  The  layer  of  rods  and  cones  {St)  or 
uJc^m^rof  Sihwalbe  U^acillary  laU  or  the  risual  cells,  or  -^-fj^^'^^^^^^^^^ 
f  fi    520)     These  lie  externally  next  the  choroid,  but  they  are  absent  at  the  entiance  ot  the 
onHe  nci^e     Then  follows  the  external  limiting  membrane  (Le),  which  is  perforated  by  the 
b£  s  o  tJie"  rol  and  cones.    3.  The  external  nuclear  layer  {au.K)  ;  this  and  all  the  succeed. 

i<Aaye.;  are  called  '<bmin  layers"  by  Sehwalbe.    4.  Tlie  external  granular  (au.j/r)  or  mter- 
nu"clear  avH.r,  which  is  perforated  by  the  fibres  which  proceed  inwards  from  the  nuclei  of  3  to 
^ach  5,  2  nuclei  of  the  internal  nuclear  layer  iiuK).    The  nuclei  of  this  ^yor  jhi^^^^^^^ 
Connected  by  fibres  with  the  rods  and  cones,  are  marked  by  transverse  lines  in  the  macula  lutea 
{Krau.se,   Dcnissenko).     6.  The  finely  granular  internal 
granular  layer  {in.gr),  through  which  the  fibres  proceeding 
from  the  inner  nuclear  layer  cannot  be  traced.    It  would 
seem  as  if  these  fibres  break  up  into  the  finest  fibrils,  into 
which  also  the  branched  processes  of  the  ganglionic  cells 
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Fig.  519.  Fig. 
519. — Vertical  section  of  human  retina,    a,  rods  and  cones  ;  h, 

memb.  ;  c,  ext.,  and /,  int.  nucl.  layers  ;  c,  ext.,  and  r/,  int.  gran,  layers  ;  /t,  blood-vessel 
and  nerve-cells  ;  i,  nerve-fibres.  Fig.  520. — Layers  of  the  retina.  7%  hexagonal  pigment- 
cells  ;  St,  rods  and  cones  ;  Le,  ext.  limiting  membrane  ;  au.K,  ext.  nuclear  layer  ;  du.gr, 
ext.  granular  layer  ;  iiiK,  int.  nuclear  ;  in.gr,  int.  granular  ;  Ggl,  ganglionic  nerve-cells  ; 
0,  fibres  of  optic  nerve  ;  Li,  int.  limit,  membrane  ;  Ek,  fibres  of  Miiller  ;  K,  nuclei ;  Sy, 
spaces  for  the  nervous  elements. 

of  7,  the  ganglionic  layer,  extend.  According  to  v.  Vintschgau,  the  processes  of  the  gan- 
glionic cells  are  connected  with  the  fibres.  8.  The  next,  or  fibrous  layer,  consists  of  the  fibres 
of  the  optic  nerve  (o),  and  most  internally  is  the  internal  limiting  membrane  {Li).  Accord- 
ing to  W.  Krause,  there  are  400,000  broad,  and  as  many  narrow,  optic  fibres,  so  that  for  every 
fibre  there  are  7  cones,  about  100  rods,  and  7  pigment-cells.  The  optic  fibres  are  absent  from 
the  macula  lutea,  where,  however,  there  are  numerous  ganglionic  cells.  Between  the  two 
homogeneous  limiting  membranes  {Lc  and  Li)  lies  the  connective-tissue  substance  of  the 
retina.  It  contains  the  perforating  fibres,  or  Mtiller's  fibres,  which  run  in  a  radiate  manner 
between  the  two  membranes,  and  hold  the  various  layers  of  the  retina  together.  They  begin 
by  a  wing-shaped  expansion  at  the  internal  limiting  membrane  {Rk),  and  in  their  course  out- 
wards contain  nuclei  {k).    They  are  absent  at  the  yellow  spot.    The  supporting  tissue  forms  a 
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network  in  all  the  layers,  holes  being  left  for  the  nervous  portions  {Sg).  The  inner  segments 
of  the  rods  and  cones  arc  also  surrounded  by  a  sustentacular  substance.  As  the  retina  passes 
forward  to  the  ora  serrata,  it  becomes  thinner  and  thinner,  gradually  becoming  richer  in  con- 
nective-tissue elements  and  poorer  in  nerve  elements,  until,  in  the  ciliary  part,  only  the  cylin- 
drical cells  remain  (fig.  519). 

[Macula  Lutea  and  Fovea  Centralis.— There  are  no  rods  in  the  fovea,  while  the  cones  are 
longer  and  narrower  than  in  the  other  parts  of  the  retina  (fig.  521).  The  other  layers  also  are 
thinner,  especially  at  the  macula  lutea,  but  they  become  thicker  towards  the  margins  of  the 
fovea,  where  the  ganglionic  layer  consists  of  several  rows  of  bii)olar  cells.  The  yellow  tint  is 
due  to  pigment  lying  between  the  layers  composing  the  yellow  spot.] 

The  blood-vessels  of  the  retina  lie  in  the  inner  layers  near  the  inner  granular  layer.  Only 
near  the  entrance  of  the  optic  nerve  are  they  connected  by  fine  branches  with  the  choroidal 
vessels  ;  they  are  surrounded  by  perivascular  lymph-spaces.  The  greatest  number  of  capillaries 
runs  in  the  layers  external  to  the  inner  granular  layer  (Bcsse).  The  fovea  centralis  is  devoid 
of  blood-vessels  {Ncttleship,  Becker).  E.xcept  in  mammals,  the  eel  {Dcnissenko),  and  some 
tortoises  {H.  Miiller),  the  retina  receives  no  blood-vessels.  Destruction  of  the  retina  is  followed 
by  blindness. 

[Retinal  Epithelium. — The  single  laj'er  of  pigmentary  cells  containing  granules  of  melanin 
sends  processes  downwards,  like  the  hairs  of  a  brush,  between  the  rods  and  cones  (§  398). 
Kiihne  has  shown  that  the  nature  and  amount  of  light  influence  the  condition  of  these  processes 


Fig.  521. 

Section  of  the  fovea  centralis,    a,  cones  ;  h  and  g,  int.  and  ext.  limit,  memb.  ;  c,  ext.,  and  e, 

nuclear  layer  ;  d,  fibres  ;  /,  nerve-cells. 

(fig,  563).  The  protoplasm  of  these  cells  in  a  frog  kept  for  several  hours  in  the  dark,  is 
retracted,  and  the  pigment-granules  lie  chiefly  in  the  body  of  the  cell  and  in  the  processes  near 
the  cell.  In  a  frog  kept  in  bright  daylight,  the  processes  loaded  with  pigment  penetrate  down- 
wards between  the  rods  and  cones  as  far  as  the  external  limiting  membrane.] 

Each  rod  and  cone  consists  of  an  outer  and  an  inner  segment.  During  life,  the  outer 
segment  contains  a  reddish  pigment  or  the  visual  purple  [Boll). 

Visual  purple  [or  rhodojwin]  may  be  preserved  by  keeping  the  eye  in  darkness  ;  but  it  is 
soon  bleached  by  daylight,  while  it  is  again  restored  when  the  eye  is  placed  in  darkness.  It 
can  be  extracted  from  the  retina  by  means  of  a  2 '5  per  cent,  solution  of  the  bile  acids,  especially 
from  eyes  that  have  been  kept  in  10  per  cent,  solution  of  common  salt  [Ayrcs).  The  rods  are 
0'04  to  0'06  mm.  high  and  0'0016  to  O'OOIS  mm.  broad,  and  exhibit  longitudinal  striation, 
produced  by  the  presence  of  fine  grooves  ;  a  fine  fibril  runs  in  their  interior  (liiiier).  The 
external  segment  occasionally  cleaves  transversely  into  a  number  of  fine  transparent  discs.  [It 
is  a  very  resistant  structure,  and  in  this  respect  resembles  neuro-keratin.]  Krause  found  an 
ellipsoidal  body,  the  "rod  ellipsoid,"  at  the  .junction  of  the  inner  and  oiiter  segments  of  the 
rods.  The  cones  are  devoid  of  visual  purple,  but  their  outer  segment  is  striated  longitudinally, 
and  it  also  readily  breaks  across  into  thin  discs.  Only  cones  are  present  in  the  macula  lutea. 
In  the  neighbourhood  of  the  yellow  spot,  each  cone  is  surrounded  by  a  ring  of  rods.  The  cones 
become  less  numerous  towards  the  periphery  of  the  retina.  In  nocturnal  animals,  such  as  the 
owl  and  bat,  there  are  either  no  cones  or  imperfect  ones.  The  retina-  of  birds  contain  many 
cones,  that  of  the  tortoise  only  cones.  The  rods  and  cones  rest  on  the  sieve-like  perforated 
external  limiting  membrane  (Le).  Both  send  processes  through  the  membrane,  the  cones  to 
the  larger  and  higher-placed  nuclei,  the  rods  to  the  nuclei,  with  transverse  markings  in  the 
external  nuclear  layer.    [The  cones  are  particularly  large  iu  some  fishes,  e.g.,  the  cod,  while 
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the  skate  has  no  cones,  but  only  rods.    The  same  is  the  case  in  the  shark  and  sturgeon, 
hedgehog,  bat,  and  mole.] 

[Distribution  and  Regeneration  of  Rhodopsin. — Keep  a  rabbit  in  the  dark  for  some  time, 
kill  it,  remove  its  eyeball,  and  examine  its  retina  by  the  aid  of  monochromatic  (sodium)  light. 
The  retina  will  be  purple-red  in  colour,  all  except  the  macula  lutea  and  a  small  part  at  the  ora 
.serrata.  The  pigment  is  conlined  to  the  outer  segments  of  the  rods.  It  is  absent  in  pigeons,  . 
hens,  and  one  bat,  although  the  last  has  only  rods.  It  is  found  both  in  nocturnal  and  diurnal 
animals.  Its  colour  is  quickly  bleached  by  light,  and  it  fades  rapidly  at  a  temperature  of  50° 
to  76°  C. ,  while  trypsin,  alum,  and  ammonia  do  not  affect  it.  It  is  restored  in  the  retina  by 
the  action  of  the  retinal  epitlieliuin.  If  the  retinal  epithelium  or  choroid  be  lifted  off  from  an 
excised  eye  exposed  to  light,  the  purple  is  destroyed  ;  but  if  the  eye  be  placed  in  darkness  and 
the  retinal  epithelium  replaced,  the  colour  is  restored.] 

Chemistry  of  the  retina. — The  reaction  of  the  retina,  when  quite  fresh,  is  acid,  and  becomes 
alkaline  in  darkness.  The  rods  and  cones  contain  albumin,  neuro-keratin,  nuclein,  and  in  the 
cones  are  the  pigmented  oil  globules,  the  so-called  "  chromophanes. "  The  other  layers  contain 
the  constituents  of  the  grey  matter  of  the  brain. 

[Cones. — There  is  no  colouring  matter  in  the  outer  segment  of  the  cones,  but  in  fishes,  rep- 
tiles, and  birds  the  inner  segment  contains  a  globular-coloured  body  often  red  and  yellow,  tiie 
pigment  being  held  in  solution  by  a  fatty  body.  Kiihne  has  separated  a  green  (chlorophane), 
a  yellow  (xanthophane),  and  a  red  (rhodophane)  pigment.  They  all  give  a  blue  with  iodine, 
and  are  bleached  by  light  {Schwalbe).] 

The  crystalline  lens  is  enclosed  in  a  transparent  capsule,  thicker  anteriorly  than  posteriorly, 
and  it  is  covered  on  the  inner  surface  of  the  anterior  wall  by  a  layer  of  low  epithelium.  Towards 
the  margin  of  the  lens,  these  cells  elongate  into  nucleated  fibres,  which  all  bend  round  the 

margin  of  the  lens,  and  on  both  sides  of  the  lens  abut  with 
their  ends  against  each  of  the  tiiradiate  figures.  The  lens 
fibres  contain  globulin  enclosed  in  a  kind  of  membrane. 
Owing  to  mutual  pressure,  they  are  hexagonal  when  seen  in 
transverse  section  (fig.  522,  2),  while  in  many  animals,  especi- 
ally fishes,  their  margins  are  serrated  [the  teeth  dovetail 
into  each  other].  For  the  sake  of  simplicity,  we  may  regard 
the  lens  as  a  biconvex  body  with  spherical  surfaces,  the 
liosterior  surface  being  more  curved.  As  a  matter  of  fact, 
the  anterior  part  is  part  of  an  ellipsoid  formed  by  rotation 
on  its  short  axis.  The  posterior  surface  resembles  the  section 
of  a  paraboloid,  i.e.,  we  might  regard  it  as  formed  by  the 
rotation  of  a  parabola  on  its  axis  {Brucke).  The  outer  layers 
of  the  lens  have  less  refractive  power  than  the  more  internal 
layers.  The  central  part  of  the  lens  or  nucleus  is,  at  the 
same  time,  firmer,  and  more  convex  than  the  entire  lens. 
The  margin  of  the  lens  is  always  sejjarated  from  the  ciliary 
processes  by  an  intermediate  space. 

[Chemistry.— The  lens  contains  about  two- thirds  of  its 
weight  of  water,  while  its  chief  solid  is  a  globulin,  called  by 
Berzelius  crystalUn  (24-6  per  cent.),  with  a  little  serum- 
albumin,  salts,  cholesterin,  and  fats.] 

1,  Fibres  of  the  lens;  2,  transverse  t'^''  l-^f  '^.^^O'fes  or  less 

sections  of  the  l^ns  fibres.        ^"^1.       opacity  beginning  either  m  the  middle  or  outer 

parts  of  the  lens.  This  is  generally  due  to  fatty  degenera- 
tion of  the  fibres,  cholesterin  being  deposited.  An  opaque,  cataractous  condition  of  the  lens 
may  be  produced  in  frogs,  by  injecting  a  solution  of  some  salts  or  sugar  into  the  lymph-sacs  • 
the  result  is  that  these  salts  absorb  the  water  from  the  lens,  and  thus  make  it  opaque.  The 
cataract  of  diabetes  is  probably  produced  from  the  presence  of  grape-sugar  in  the  blood  ]  ' 

The  zonule  of  Zinn,  at  the  ora  serrata,  is  applied  as  a  folded  membrane  to  the  ciliary  part  of 
the  uvea,  so  that  the  ciliary  processes  are  pressed  into  its  folds,  and  are  united  to  it  It  passes 
to  the  margins  of  the  lens,  where  it  is  inserted  by  a  series  of  folds  into  the  anterior  part  of  "the 
capsule  of  the  lens.  Behind  the  zonule  of  Zinn,  and  reaching  as  far  as  the  vitreous  humour  is 
the  canal  of  Petit.  The  zonule  is  a  fibrous  perforated  membrane.  According  to  Merkel  the 
canal  of  Petit  is  enclosed  by  very  fine  fibres,  so  that  it  is  really  not  a  canal  but  a  complex  com- 
municating system  of  spaces  {Gerlach).  Nevertheless,  the  zonule  represents  a  stretched  mem- 
brane, holding  the  lens  in  position,  and  may  therefore  be  regarded  as  the  suspensory  ligament 
of  the  lens.  ° 

Opacity  or  cloudiness  of  the  lens  (grey  cataract)  hinders  the  passage  of  light  into  the  eve 
Aphakia,  or  the  absence  of  the  lens  (as  after  operations  for  cataract),  may  be  remedied  bv  a 
pair  of  strong  convex  spectacles.    Of  course,  such  an  eye  does  not  possess  the  power  of  accom 
modation. 

The  vitreous  humour,  as  far  as  the  ora  serrata,  is  bounded  by  the  internal  limiting  membrane 
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of  the  retina  {Hcnie,  hvanoff).  From  here  forwarels  lying  between  both,  are  the  meridional 
hbres  of  the  zonule,  which  are  united  with  the  surface  of  the  vitreous  and  the  ciliary  j^rocesses. 
A  part  of  the  Hbrous  layer  bends  into  the  saucer-shaped  depression,  and  bounds  it.  A  canal, 
2  mm.  in  diameter,  runs  from  the  optic  papilla  to  the  posterior  surface  of  the  capsule  of  the 
lens  ;  it  is  called  the  hyaloid  canal,  and  was  formerly  traversed  by  blood-vessels.  The  peri- 
])heral  part  of  the  vitreous  humour  is  laminated  like  an  onion,  the  middle  is  homogeneous  ;  in 
the  former,  especially  in  the  fcetus,  are  round  fusiform  or  branched  cells  of  the  mucous  tissue 
of  the  vitreous,  while  in  the  centre  there  are  disintegrated  remains  of  these  cells  {hvanoff).  The 
vitreous  humour  contains  a  very  small  percentage  of  solids,  I'S  per  cent,  of  mucin,  [and, 
according  to  Picard,  there  is  0-5  per  cent,  of  urea,  and  about  -7.')  of  sodic  chloride]. 

[Structure. — The  vitreous  humour  consists  essentially  of  mucous  tissue,  in  who^e  meshes  lies 
a  very  watery  fluid,  containing  the  organic  and  inorganic  bodies  in  solution.    According  to 


Fig.  523. 

Horizontal  section  of  the  entrance  of  the  optic  nerve  and  the  coats  of  the  eye.  a,  inner,  h, 
outer  layers  of  the  retina  ;  c,  choroid  ;  d,  sclerotic  ;  e,  physiological  cup  ;  /,  central  artery 
of  retina  in  axial  canal ;  (j,  its  point  of  bifurcation  ;  h,  lamina  cribrosa  ;  I,  outer  (dural) 
sheath  ;  m,  outer  (subdural)  space  ;  n,  inner  (subarachnoid)  space ;  r,  middle  (arachnoid) 
sheath  ;  p,  inner  (pial)  sheath  ;  i,  bundles  of  nerve-fibres  ;  k,  longitudinal  septa  of  con- 
nective-tissue. 

Younan,  the  vitreous  contains  two  types  of  cells — (1)  amoeboid  cells  of  various  shapes  and 
sizes.  They  lie  on  the  inner  surface  of  the  lining  hyaloid  membrane  and  the  other  mem- 
branes in  the  cortex  of  the  vitreous  ;  (2)  large  branching  multipolar  cells.  The  vitreous  is 
permeated  by  a  large  number  of  transparent,  clear,  homogeneous  hyaloid  membranes,  which 
are  so  disposed  as  to  give  rise  to  a  concentric  lamination.  The  canal  of  StUling  represents  in 
the  adult  the  situation  of  the  hyaloid  artery  of  the  fojtus.  It  can  readily  be  injected  by  a 
coloured  fluid.] 

The  lymphatics  of  the  eye  consist  of  an  anterior  and  a  posterior  set.  The  anterior  consist  of 
the  anterior  and  posterior  chambers  of  the  eye  (aqueous),  which  communicate  with  the  lym- 
phatics of  the  iris,  ciliary  processes,  cornea,  and  conjunctiva.  The  posterior  consist  of  the 
perichoroidal  space  between  the  sclerotic  and  the  choroid  {Schwalhc).  This  space  is  connected 
by  means  of  the  perivascular  lymphatics  around  the  trunks  of  the  vasa  vorticosa,  with  the  large 
lymph-space  of  Tenon,  which  lies  between  the  sclerotic  and  Tenon's  capsule.  Posteriorly,  this 
is  continued  into  a  lymph-channel,  which  invests  the  surface  of  the  optic  nerve  ;  while 
anteriorly  it  communicates  directly  with  the  sub-conjunctival  lymph-spaces  of  the  eyeball. 
The  optic  nerve  has  three  sheaths— (1)  the  dural ;  (2)  the  arachnoid  ;  and  (3)  the  pial  sheath, 
derived  from  the  corresponding  niembranes  of  the  brain.    Two  lymph-spaces  lie  between  these 

three  sheaths  the  subdural  space  between  1  and  2,  and  the  subarachnoid  space  between  2 

and  3  (fig.  509).    Both  spaces  are  lined  by  endothelium  ;  and  the  fine  trabeculse  passing  from 
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one  wall  to  the  otlier  are  similarly  covered.  According  to  Axel  Key  and  Ketzius,  these  lymph- 
spaces  communicate  anteriorly  with  the  perichoroidal  space.  .... 

The  aqueous  humour  closely  resembles  the  cerebro-spinal  fluid,  and  contains  albunnn  and 
su^ar  ;  the  former  is  increased,  and  the  latter  disappears  after  death.  The  same  occurs  in  the 
vitreous.  The  albunnn  increases  when  the  difference  between  the  blood-pressure  and  the  intra- 
ocular pressure  rises.  Such  variations  of  pressure,  and  also  intense  stimuli  applied  to  the 
eve,  cause  the  production  of  fibrin  in  the  anterior  chamber  [Jcsner  and  Grunhagen). 
'  Intraocular  Pressure.— The  cavity  of  the  bulb  is  practically  filled  with  watery  fluids,  which, 
during  life,  are  constantly  subjected  to  a  certain  pressure,  the  "  intraocular  pressure."  Ulti- 
mately, this  depends  upon  the  blood-pressure  within  the  arteries  of  the  retina  and  uvea,  and 
must  rise  and  fall  with  it.  The  pressure  is  determined  by  pressing  upon  the  eyeball,  and 
ascertaining  whether  it  is  tense,  or  soft  and  compressible.  Just  as  in  the  case  of  the  arterial 
pressure,  the  intraocular  pressure  is  influenced  by  many  circumstances  ;  it  is  increased  at  every 
pulse-beat  and  at  every  expiration,  while  it  is  decreased  during  inspiration.  The  elastic  tension 
of  the  sclerotic  and  cornea  regulates  the  increase  of  the  arterial  pressure  by  acting  like  the  air- 
chamber  in  a  fire-engine  ;  thus,  when  more  arterial  blood  is  pumped  into  the  eyeball,  more 
venous  blood  is  also  expelled.  The  constancy  of  the  intraocular  pressure  is  also  influenced  by 
the  fact  that,  just  as  the  aqueous  humour  is  removed,  it  is  secreted,  or  rather  formed,  as  rapidly 
as  it  is  absorbed  (§  392).  [Fick  has  invented  an  instrument  for  the  direct  measurement  of  the 
inti'aocular  pressure,  a  small  plate  of  known  size  is  pressed  against  the  eyeball,  and  the  pressure 
exerted  is  registered  by  means  of  a  spring  and  index.] 

The  secretion  of  the  aqueous  humour  occurs  pretty  rapidly,  as  may  be  surmised  from  the 
fact,  that  hemoglobin  is  found  in  the  aqueous  humour  half  an  hour  after  dissolved  blood  (lamb's) 
is  injected  into  the  blood-vessels  of  a  dog.  It  is  rapidly  reformed,  after  evacuation,  through  a 
wound  in  the  cornea.  According  to  Knies,  the  watery  fluid  within  the  eyeball  is  secreted, 
especially  from  the  chorio-capillaris,  and  reaches  the  suprachoroidal  space,  in  the  lymph-sheaths 
of  the  optic  nerve,  and  partly  through  the  network  of  the  sclerotic.  It  saturates  the  retina, 
vitreous,  lens,  and  for  the  most  part  passes  through  the  zonula  ciliaris  into  the  posterior 
chamber,  and  through  the  pupil  into  the  anterior  chamber.  The  movements  of  the  fluid  with- 
in the  eyeball  have  been  recently  studied  by  Ehrlich,  who  used  fluorescin,  an  indifferent  sub- 
stance, which,  on  being  introduced  into  the  body,  passes  into  the  fluids  of  the  eyeball,  and  in  a 
very  dilute  solution  may  be  recognised  by  its  green  fluorescence  in  reflected  light.  From  obser- 
vations on  the  entrance  of  this  substance  into  the  eye,  Schiiler  and  Uhthoff  regard  the  posterior 
surface  of  the  iris  and  the  ciliary  body  as  the  secretory  organs  for  the  aqueous  humour.  It 
passes  through  the  pupil  into  the  anterior  chamberj;  some  passes  into  the  lens,  and  along  the 
canal  of  Petit  into  the  vitreous  humour  {Pflilgcr).  Section  of  the  cervical  sympathetic,  and  still 
more  of  the  trigeminus,  accelerates  the  secretion  of  the  aqueous,  but  its  amount  is  diminished. 
If  the  substance  is  dropped  into  the  conjunctival  sac,  it  percolates  towards  the  centre  of  the 
cornea,  and  through  the  latter  into  the  anterior  chamber  {Pfiiigcr). 

A  current  passes  forwards  from  the  vitreous  humour  around  the  lens,  and  there  is  an  outflow 
along  the  central  artery  of  the  retina  backwards  through  the  optic  nerve  to  the  cavity  of  the 
skull  {Gifford).  The  current  in  the  spaces  between  the  sheaths  flows  from  the  brain  to  the  eye 
{Qxtinclce). 

The  outflow  of  the  aqueous  humour,  according  to  Leber  and  Heisrath,  takes  place  chiefly 
between  the  meshes  of  the  ligamentum  pectinatum  iridis  (fig.  514,  m,  m),  and  the  canal  of 
Schlemm  {i,  k),  into  the  anterior  circular  veins  (p.  737).  A  small  part  of  the  aqueous  humour 
diff'uses  into  the  posterior  layers  of  the  cornea,  to  nourish  it  {Leber).  None  of  the  water  is 
conducted  from  the  eyeball  by  any  special  efierent  lymphatics  [Leber).  Under  normal  circum- 
stances, the  jwessure  is  nearly  the  same  in  the  vitreous  and  aqueous  chambers,  but  atropin 
seems  to  diminish  the  pressure  in  the  former  and  to  increase  it  in  the  latter,  whilst  Calabar 
bean  has  an  opposite  action  {Ad.  Weber).  Arrest  of  the  outflow  of  the  venous  blood  often 
increases  the  pressure  in  the  vitreous,  and  diminishes  that  in  the  aqueous  chamber.  Compres- 
sion of  the  bulb  from  without  causes  more  fluid  to  pass  out  of  the  eye  temporarilv  than  enters 
it.  The  diminution  of  the  intraocular  pressure  is  well-marked  after  section  of  tlie  trigeminus, 
while  it  rises  when  this  nerve  is  stimulated.  The  statements  of  observers  regarding  the  effect 
of  the  sympathetic  nerve  upon  the  pressure  vary.  Inten  uption  to  the  venous  outflow  increases 
the  pressure,  while  an  imperfect  supply  of  blood,  the  outflow  being  normal,  diminishes  the  pres- 
sure.   The  innervation  of  the  blood-vessels  of  the  eye  is  referred  to  at  §  347. 

385.  DIOPTRIC  OBSERVATIONS. -The  eye  as  an  optical  instrument  is  comparable  to  a 
camera  obscura  ;  in  both,  an  inverted  diminished  image  of  the  objects  of  the  external  world 
is  formed  upon  a  background,  the  field  of  projection.  Instead  of  the  single  lens  of  the  camera 
however,  the  eye  has  several  refractive  media  placed  behind  each  other— cornea,  aqueous 
humour,  lens  (whose  individual  parts— capsule,  cortical  layers,  and  nucleus,  all  possess  diflercut 
refractive  indices),  and  vitreous  humour.  Every  two  of  these  adjacent  media  are  bounded  by 
a  "  refractive  surface,"  which  may  be  regarded  as  spherical.  The  field  of  proiection  of  the  eve 
IS  the  retina,  which  is  coloured  with  the  visual  purple  {Boll,  KUhne).    As  this  substance  is 
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bleached  chemically  by  the  direct  action  of  light,  so  that  the  pictures  may  be  temporarily  fixed 
upon  the  retina,  the  comparison  of  the  eye  with  the  camera  of  the  photographer  becomes  more 
striking.  In  order  that  the  passage  of  the  rays  of  light  through  the  media  of  the  eye  may  be 
rightly  iinderstood,  we  must  know  the  following  factors  :— (1)  the  refractive  indices  of  all  the 
media  ;  (2)  the  form  of  tlie  refractive  surfaces  ;  (3)  the  distance  of  the  various  media  from  each 
other  and  from  tlie  held  of  projection  or  retina. 

Action  of  a  converging  lens.— We  must  know  how  a  convex  lens  acts  upon  light.  In  a 
^fi^'^'^o )  distinguish  the  centre  of  curvature,  i.e.,  the  centre  of  both  splierical  surfaces 

(hg.  524,  I  9)1,  m,).  The  line  connecting  both  is  called  the  chief  axis  ;  the  centre  of  this  line  is 
the  optical  centre  of  the  lens  (o).  All  rays  which  pass  through  the  optical  centre  of  the  lens 
pass  througli  unbent,  or  without  being  refracted  ;  they  are  called  the  chief  or  principal  ravs 
{n,  n{)    ihe  following  are  the  laws  regulating  the  action  of  a  convex  lens  upon  rays  of  liglit :— 

I  I 


S  d 

Fig.  524. 

Figures  illustrating  the  action  of  lenses  upon  rays  of  light  passing  tlirough  them. 

1.  Raj's  which  fall  upon  the  lens,  parallel  with  the  princijial  axis  (II,/,  a),  are  so  refracted 
that  they  are  collected  on  the  other  side  of  the  lens,  at  a  point  called  the  focus  or  principal 
focus  (/).  The  distance  of  this  point  from  the  central  point  (o)  of  the  lens,  is  called  the  focal 
distance  of  the  lens  {/,  o).  The  converse  of  this  condition  is  evident,  viz. ,  rays  which  diverge 
from  a  focus  and  reach  the  lens,  pass  through  it  to  the  other  side,  parallel  with  the  principal 
axis,  without  again  coming  together. 

2.  Rays  of  light  proceeding  from  a  source  of  light  (IV,  I)  in  the  prolonged  principal  axis,  but 
beyond  the  focal  point  (/),  again  converge  to  a  point  on  the  other  side  of  the  lens.  The  follow- 
ing cases  may  occur  : — (a)  When  the  distance  of  the  light  from  the  lens  is  equal  to  twice  the 
focal  distance,  the  focus  or  point  of  convergence  lies  at  the  same  distance  on  the  other  side  of 
the  lens,  i.e.,  twice  the  focal  distance,  (b)  If  the  luminous  jioiiit  be  movc^d  nearer  to  the 
focus,  then  the  focal  point  is  moved  farther  away,  (c)  If  the  light  is  still  farther  from  the  lens 
than  twice  the  focal  distance,  then  the  focal  point  comes  corresjiondiiigly  near  to  the  lens. 

3.  Rays  proceeding  from  a  point  of  the  chief  axis  (III,  b)  within  the  focal  distance,  pass  out 
at  the  other  side  less  divergent,  but  do  not  come  to  a  focus  again.  Conversely,  rays  which  are 
convergent,  and  pass  through  a  collecting  lens,  have  their  focal  point  within  the  focal  distance. 

4.  If  the  luminous  point  (V,  a)  is  placed  in  the  secondary  ray  (a,  b),  the  same  laws  obtain, 
provided  the  angle  formed  by  the  secondary  ray  with  the  principal  axis  is  small. 

Pormation  of  images  by  convex  lenses. — After  what  has  been  stated,  regarding  the  position 
of  the  point  of  convergence  of  rays  proceeding  from  a  luminous  point,  the  construction  of  the 
image  of  any  object  by  a  convex  lens  is  easily  accomplished.  This  is  done  simply  by  projecting 
images  of  the  various  parts  of  the  object.  Thus,  evidently  (in  V),  b  is  the  focal  point  of  the 
object,  a,  while  v  is  the  focal  point  of  the  object  1.  The  picture  is  inverted.  Collecting  lenses 
form  an  inverted  and  real  <image  {i.e.,  upon  a  screiMi)  only  of  such  objects  as  are  placed  beyond 
the  focal i)oint  of  the  lens. 
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With  rc"anl  to  the  size  and  distance  of  the  image  from  the  lens,  there  are  the  following 
cases  -—(rtTlf  the  object  be  placed  at  twice  the  focal  distance  from  the  lens,  the  image  of  the 
same  is  just  tlie  same  size  and  at  the  same  distance  from  the  lens  as  the  object  is.  (6)  If  the 
object  be  nearer  than  the  focus,  the  image  recedes  and  at  the  same  time  becomes  larger. 


(c)  If 


in 


Oi 

Fig.  52,5. 


Fig.  626. 


the  oliject  be  farther  removed  from  the  lens  than  twice  the  focal  distance,  then  the  image  is 
nearer  to  tlie  lens  and  at  the  same  time  becomes  smaller. 

Position  of  the  focal  point. — The  distance  of  the  focal  point  from  the  lens  is  readily  calcu- 
lated according  to  the  following  formula :— Where  Z  =  the  distance  of  the  luminous  point,  5  =  the 

distance  of  the  image,  and /=the  focal  distance  of  the  lens  :    +  -^  =  y ,  or 

1111 

Example.  — Let  I  =  24  centimetres,  /=  6  cm.    Then  7,  =    -  ^  =  ^ ;  so  that  &  =  8  cm. ,  i.  c. ,  the 


image  is  formed  8  cm 
1_1  __1^_J^, 
b~5  10"10' 


behind  the  lens, 
so  that  b 


Further. 


b    6  24 
let  Z  =  10  cm.,/=5  cm.  {i.e., 


Then 


l  =  2f). 

=  10,  i.e.,  the  image  is  placed  at  twice  the  focal  distance  of  the  lens. 
Ill 


Lastly,  let  Z  =  oo.    Then  -  =  so  that  b=f,  i.e.,  the  image  of  parallel  rays  coming  from 

0      f  CO 

infinity  lies  in  the  focal  point  of  the  lens. 

Refractive  Indices. — A  ray  of  light,  which  passes  in  a  perpendicular  direction  from  one 
medium  into  another  medium  of  different  density,  passes  through  the  latter  Avithout  changing 
its  course  or  being  refracted.  In  fig.  525,  if  G  D,  is  j.  A  B,  then  so  is  D  D,  A  B  ;  for  a  plane 
•surface  A  B  is  the  horizontal,  and  G  D  the  vertical  line.  If  the  surface  be  spherical,  then  the 
vertical  line  is  tlie  prolonged  radius  of  this  sphere.  If,  however,  the  ray  of  light  fall  obliquely 
upon  the  surface,  it  is  "refracted,"  i.e.,  it  is  bent  out  of  its  original  course.  The  incident  and 
the  refracted  ray  nevertheless  lie  in  one  plane.  When  the  oblique  incident  ray  passes  from  a 
less  dense  medium  [e.g.,  air)  into  one  more  dense  {e.g.,  water),  the  refracted  or  excident  ray  is 
bent  towards  the  perpendicular.  If,  conversely,  it  pass  from  a  more  dense  to  a  less  dense  medium, 
it  is  bent  atvay  from  the  perpendicular.  The  angle  {i,  G  D  S)  which  the  incident  ray  (S  D)  forms 
with  the  perpendicular  (G  D)  is  called  the  angle  of  incidence,  the  angle  formed  by  the  refracted 
ray  (D  Sj)  with  the  prolonged  perpendicular  (D  D)  is  called  the  angle  of  refraction,  D  D  S, 
(?•).  The  refractive  jjower  is  expressed  as  the  refractive  index.  The  term  refractive  index 
(n)  means,  that  number  which  shows  for  a  certain  substance,  how  many  times  the  sine  of  the 
angle  of  incidence  is  greater  than  the  sine  of  the  angle  of  refraction,  when  a  ray  of  light  passes 
from  the  air  into  that  substance.  Thus,  ?i  =  sin.  i  :  sin.  r—ab,  :  cd.  On  comparing  the  refractive 
indices  of  two  media,  we  always  assume  that  the  ray  passes  from  air  into  the  medium.  On 
passing  from  the  air  into  water,  the  ray  of  light  is  so  refracted  that  the  sine  of  the  angle  of 

incidence  is  to  the  sine  of  the  angle  of  refraction,  as  4  :  3 ;  the  refractive  index  =  -  (or  more 

3 

exactly  =  1-336).  With  glass  the  proportion  is  =  3  :  2  {  =  1-5S5—Snelli7is,  1620;  Descartes). 
The  sine  of  the  incident  and  refractive-angles  are  related  as  the  velocity  of  light  with  both 
media. 

The  construction  of  the  refracted  ray,  the  refractive  index  being  given,  is  simple  : — Example 
—Suppose  in  fig.  526,  L  =  the  air,  G  =  a  dense  medium  (glass)  with  a  spherical  surface,  xy,  and 
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with  its  centre  at  vi;  ^Jo  =  the  obli(|ue  incident  ray  the  m2  is  the  perpendicular  <)  =  i  the 

angle  of  incidence.    The  refractive  index  given  is  -  ;  the  object  is  to  find  the  direction  of  the 

2 

refracted  way.  From  o  as  centre  describe  a  circle  with  a  radius  of  any  length  ;  from  a  draw  a 
perpendicular,  ab  torn  Z;  then  a  6  is  tlie  sine  of  tlie  angle  of  incidence,  L  Divide  the  line  a  1, 
iato  three  equal  parts,  and  prolong  it  to  the  extent  of  two  of  these  parts,  viz.,  to^*.  Draw  the 
line  p  parallel  to  m  Z.  The  line  joining  o  to  n  is  the  direction  of  the  refracted  ra)-.  On  mak- 
ing a  line,  n  s,  perpendicular  to  m  Z,  n  s  =  hi}.    Further,  n  s  =  sinc  <)  =  ?•.    So  that  a  h  :  s  n 

q 

or  :  b  v)  =  Z  :  2  or  sin.  i  :  sin.  r=  —. 

2 

Optical  cardinal  point  of  a  simple  collecting  system. —Two  refractive  media  (fig.  527,  L  and 


Fig.  527. 


G),  which  are  separated  from  each  other  by  a  spherical  surface  {a,  b)  form  a  simple  collecting 
system.    It  is  easy  to  estimate  the  construction  of  an  incident  ray  coming  from  the  first 
medium  (L)  and  falling  obliquely  upon  the  surface  (a,  b)  separating  the  two  media,  as  well  as 
to  ascertain  its  direction  in  the  second  medium,  G,  and  also  from  the  position  of  a  luminous 
point  in  the  first  medium,  to  estimate  the  position  of  the  corresponding  focal  point  in  the 
second  medium.    The  factors  required  to  be  known  are  the  following : — L  (fig.  527)  is  the 
first,  and  G  the  second  medium,  a,  i  =  the  spherical  surface  whose  centre  is  m.    Of  course,  all 
the  radii  drawn  from  m  to  ab  {m  x,  m  n)  are  perpendiculars,  so  that  all  rays  falling  in  the 
direction  of  the  radii  must  pass  unrefracted  through  vi.    All  rays  of  this  sort  are  called  rays  or 
lines  of  direction  ;  m,  as  the  point  of  intersection  of  all  these,  is  called  the  nodal  point.  The 
line  which  connects  m  with  the  vertex  of  the  spherical  surface,  x,  and  which  is  prolonged  in 
both  directions,  is  called  the  optic  axis,  0  Q.    A  plane  (E,  F)  in  x,  perpendicular  to  O  Q,  is 
called  the  principal  plane,  and  in  it    is  the  principal  point.    The  following  facts  have  been 
ascertained  : — (1)  All  rays  («  to  a^),  which  in  the  first  medium  are  parallel  with  each  other  and 
with  the  optic  axis,  and  fall  upon  a  b,  are  so  refracted  in  the  second  medium  that  they  are  all 
again  united  in  one  point  (p-^)  of  the  second  medium.    This  is  called  the  second princijMl  focut:. 
A  plane  in  this  point  perpendicular  to  0  Q  is  called  the  second  focal  plane  (C  D).    (2)  All  rays 
(<;  to  Cj),  which  in  the  first  medium  are  parallel  to  each  other,  but  not  parallel  to  0  Q,  reunite 
in  a  point  of  the  second  focal  plane  [r),  where  the  non-refracted  directive  ray  (cj,  m  r)  meets 
this.    (In  this  case,  the  angle  formed  by  the  rays  c  to  c„  with  C  Q  must  be  very  small.)  The 
propositions  1  and  2  of  course  may  be  reversed ;  the  divergent  rays  proceeding  from  p  towards 
a  b  pass  into  the  first  medium  parallel  to  each  other,  and  also  with  the  axis  C  Q  («  to  «,) ;  and 
the  rays  proceeding  from  r  pass  into  the  first  medium  parallel  to  each  other,  but  not  parallel 
to  the  axis  0  Q  (as  c  to  c.^).    (3)  All  rays,  which  in  the  second  medium  are  parallel  to  eacli 
other  {b  to  b^)  and  with  the  axis  0  Q,  reunite  in  a  point  in  the  first  medium  (;>)  called  the  first 
focal  point ;  of  course  the  converse  of  this  is  true.    A  plane  in  this  point  perpendicular  to  0  Q 
is  called  the  first  focal  plane  (A,  B).    The  radius  of  the  refractive  surface  [m,  x)  is  equal  to  the 
difference  of  the  distance  of  both  focal  points  [p  andj?i)  from  the  principal  focus  {x)  ;  thus  m  x  = 
Pi  -''-V  ^-    From  these  comparatively  simple  propositions  it  is  easy  to  determine  the  following 
points  : — 

1,  The  construction  of  the  refracted  ray. — Let  A  be  the  first  (fig.  528)  ;  B,  the  second 
medium;  c  d,  the  spherical  surface  separating  the  two;  a  b,  the  optical  axis;  k,  the  nodal 
point ;  p,  the  first  and  p^  the  second  principal  focus  ;  C,  D,  the  second  focal  plane.  Suppose 
X  y  to  represent  the  direction  of  the  incident  ray,  what  is  the  construction  of  the  refracted  ray 
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in  the  second  meclinm  i    Prolong  the  nnrefracted  ray,  P,  k,  Q  parallel  to  x,  y,  then  y,  Q  is  the 
direction  of  tlie  refracted  ray  (accordnig  to  2). 
•2.  Constrnction  of  the  image  for  a  given  object.— In  fig. 


 ii.iHiiiiuiiiui 


Fig. 


528. 


529,  B,  c,  d,  a,  b,  k,  -p,  and  f-^, 
C,  D  are  as  before.  Suppose 
a  'luminous  point  (o)  in  the  first 
medium,  what  is  the  position  of 
the  image  in  the  second  me- 
dium ?  Prolong  the  nnre- 
fracted ray  (o,  k,  P),  and  draw 
the  rav(o,  x)  parallel  to  the  axis 
h).  The  parallel  rays  (ft,  e 
and  0,  x)  reunite  in  p  (accord- 
ing to  proposition  1).  Prolong 
X,  until  it  intersects  the  ray 
{a,  P),  then  the  image  of  o  is 
at  P,  the  rays  of  light  (o  x  and 
0  k)  proceeding  from  the  lumi- 
nous point  (o)  reunite  in  P. 


.  Construction  of  the  refracted  ray  and  the  image  in  several  refractive  media^-If  several 
refractive  media  be  placed  behind  each  other,  we  must  proceed  from  medium  to  medium  with 


Fig.  529. 

the  same  methods  as  above  described.  This  would  be  very  tedious,  especially  when  dealing 
with  small  objects.    Gauss  (1840)  calculated  that  in  such  cases  the  method  of  construction  is 

m, 


i_  11. 


h  h,  F. 

Fig.  530. 

very  simple.  If  the  several  media  are  "centred,"  i.e.,  if  all  have  the  same  optic  axis,  then  the 
refractive  indices  of  sncli  a  centred  system  may  be  represented  by  two  equal,  strong,  refractive 
surfaces  at  a  certain  distance.    The  rays  falling  upon  the  first  surface  are  not  refracted  by  it. 
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but  are  essentially  projected  forwards  parallel  with  themselves  to  the  second  surface.  Refraction 
takes  place  first  at  the  second  surftice,  just  as  if  only  one  refractive  surface  was  present.  In 
order  to  make  the  calculation,  we  must  know  the  refractive  indices  of  the  media,  the  radii  of 
the  refractive  surfaces,  and  the  distance  of  the  refractive  surfaces  from  each  other. 

Construction  of  the  refracted  ray  is  accomplished  as  follows  :— Let  a  b  represent  the  optical 
axis  (lig.  530,  I.)  ;  H,  the  lirst  focal  point  determined  by  calculation  ;  h  ;i,;the  principal  plane  ; 
H,  the  second  focal  point  ;  h^,  h^,  the  second  principal  plane  ;  k,  the  first,  and  the  second 
nodal  point ;  F,  the  second  focal  point ;  and  Fj,  Fj,  the  second  focal  plane.  Make  the  ray  of 
direction  2>  k\  parallel  to  n^.  According  to  i)roposition  2,  7;,  l\  and  m^,  must  meet  in  a 
point  of  the  plane  Fj  Fy  As  p  i-,  passes  through  uurefracted,  the  ray  from  iii  must  fall  at  r  ; 
ill    is,  therefore,  the  direction  of  the  refracted  ray. 

Construction  of  the  focal  point. — Let  0  be  a  luminous  point  (fig.  530,  II.),  what  is  the 
position  of  its  image  in  tlie  last  medium  ?  Prolong  from  0  the  ray  of  direction  0  k,  and  make 
0,  X  parallel  to  a  b.  Both  rays  are  prolonged  in  a  i)arallel  direction  to  tlie  second  focal  plane. 
The  ray  parallel  to  re  i  goes  through  F  ;  m,  k^  as  the  ray  of  direction  passes  through  uurefracted. 
O,  where  11,  F,  and  m  k^  intersect  each  other,  is  the  position  of  the  image  of  0. 

386.  DIOPTRICS— RETINAL  IMAGE— OPHTHALMOMETER.— Position 
of  the  cardinal  points. — The  eye  surrounded  with  air  on  the  anterior  surface  of  the 
cornea,  represents  a  concentric  system  of  refractive  media  with  spherical  separating 
surfaces.  In  order  to  ascertain  the  course  of  the  rays  through  the  various  media 
of  the  eye,  we  must  know  the  position  of  both  principal  foci  of  both  nodal  points 
as  well  as  the  two  principal  focal  points.  Gauss,  Listing,  and  v.  Helmholtz  have 
calculated  the  position  of  these  points.  In  order  to  make  this  calculation,  we 
require  to  know  the  refractive  indices  of  the  media  of  the  eye,  the  radii  of  the 
refractive  surfaces,  and  the  distance  of  the  latter  from  each  other.  These  will  be 
referred  to  afterwards.  (1)  Tht  first  princijxd  2ioint  h  2'1746  mm.;  and  (2)  the 
second  /wma^a/  poire<  is  2*5724  mm.  behind  the  anterior  surface  of  the  cornea. 
(3)  Th.Q  first  nodal  poiyit,  0*7580  mm. ;  and  (4)  the  second  Jiodal  point,  0"3602  mm. 
in  front  of  the  posterior  surface  of  the  lens.  (5)  The  second  pmndpal  focus, 
14*6470  mm.  behind  the  posterior  surface  of  the  lens;  and  (6)  the  first  princip)al 
foctts,  12*8326  in  front  of  the  anterior  .surface  of  the  cornea. 

Listing's  reduced  eye, — The  distance  between  the  two  principal  points,  or  the  two 
nodal  points,  is  so  small  (only  0*4  mm.),  that  practically,  without  introducing  any 


A 


Fig,  531. 

great  error  in  the  construction,  we  may  assume  one  mean  nodal  or  principal  point 
lying  between  the  two  nodal  or  principal  points.  By  this  simple  procedure  we  gain 
07ie  refractive  surface  for  all  the  media  of  the  eye,  and  only  one  nodal  point, 
through  which  all  the  rays  of  direction  from  without  must  pass  without  being 
refracted.    This  schematic  simplified  eye  is  called  "  the  reduced  eye  "  of  Listing. 

Formation  of  the  retinal  image,— Thus,  the  construction  of  the  image  on  the 
retina  becomes  very  simple.  In  distinct  vision,  the  inverted  image  is  formed  on 
the  retina.  Let  A  B  represent  an  object  placed  vertically  in  front  of  the  eye  (fig. 
531).    A  pencil  of  rays  passes  from  A  into  the  eye;  the  ray  of  direction,  A  d, 
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passes  without  refraction  through  the  nodal  point,  k.  Further,  as  the  focal  point 
for  the  luminous  point,  A,  is  upon  the  retina,  all  the  rays  proceeding  from  A  must 
reunite  in  d.  The  same  is  true  of  the  rays  proceeding  from  B,  and,  of  course,  for 
rays  sent  out  from  an  intermediate  point  of  the  body,  A  B.  The  retinal  image  is, 
as  it  were,  a  mosaic,  composed  of  innumerable  foci  of  the  object.  As  all  the  rays 
of  direction  must  pass  through  the  common  nodal  point,  I;  this  is  also  called  the 
"  poi7it  of  intersection  of  the  visual  rays." 

The  inverted  image  on  the  retina  is  easily  seen  in  the  excised  eye  of  an  albino  rabbit,  by  hold- 
ing up  any  object  in  front  of  the  cornea  and  observing  the  inverted  image  through  the  trans- 
parent coats  of  the  eyeball. 

The  size  of  the  retinal  image  may  also  be  calculated,  provided  we  know  the  size  of  the 
object,  and  its  distance  from  the  cornea.  As  the  two  triangles,  A  B  ^•  and  c  d  k  ai-e  similar, 
A  B  :  c  rf=/ k  :  k  g,  so  that  c  d  =  (A  B,  k  g) :  fk.  All  these  values  are  known,  viz.,  k  g  =  15-16 
mm.;  further, //t  =  a  k  x  a,  f,  where  a/ is  measured  directly,  and  a  k  =  7'ii  mm.  The  size 
of  A  B  is  measured  directly. 

The  angle,  A  ^  B,  is  called  the  visual  angle,  and  of  course  it  is  equal  to  the 
angle  c  k  d.  It  is  evident  that  the  nearer  objects,  x  y,  and  r  s,  must  have  the 
same  visual  angle.  Hence,  all  the  three  objects,  A  B,  x  y,  and  r  s,  give  a  retinal 
image  of  the  same  size.  Such  objects,  whose  ends  when  united  with  the  nodal 
point  form  a  visual  angle  of  the  same  size,  and  consequently  form  retinal  images 
of  the  same  size,  have  the  same  "  apparent  size." 

In  order  to  determine  the  optical  cardinal  points  by  calculation,  after  the 
method  of  Gauss,  we  must  know  the  following  factors : — 

1.  The  refractive  indices:  for  the  cornea,  1-377;  aqueous  humour,  1-377 ;  lens, 
1-454  (as  the  mean  value  of  all  the  layers)  ;  vitreous  humour,  1-336;  air  being 
taken  as  1,  and  water  1-335. 

2.  The  radii  of  the  spherical  refractive  surfaces:  of  the  cornea,  7-7  mm.;  of 
the  anterior  surface  of  the  lens,  10'3  ;  of  the  posterior,  61  mm. 

3.  The  distance  of  the  refractive  surfaces  :  from  the  vertex  of  the  cornea  to 
the  anterior  surface  of  the  lens,  3-4  mm.  ;  from  the  latter  to  the  posterior  surface 
of  the  lens  (axis  of  the  lens),  4  mm.  ;  diameter  of  the  vitreous  humour,  14-6  mm. 
The  total  length  of  the  optic  axis  is  22-0  mm. 

[Kiihne's  Artificial  Eye.— The  formation  of  an  inverted  image,  and  the  other  points  in  the 
dioptrics  of  the  eye  can  be  studied  most  effectively  on  Kiihne's  artificial  eye,  the  course  of  the 
rays  of  light  being  visible  in  water  tinged  with  eosine.  ] 

Ophthalmometer.— This  is  an  instrument  to  enable  us  to  measure  the  radii  of  the  refractive 
media  of  the  eye.  As  the  normal  curvature  cannot  be  accurately  measured  on  the  dead  eye, 
owing  to  the  rapid  collapse  of  the  ocular  tunics,  we  have  recourse  to  the  process  of  Kohlrauseh| 
for  calculating  the  radii  of  the  refractive  surfaces  from  the  size  of  the  reflected  images  in  the 
living  eye.  The  size  of  a  luminous  body  is  to  tlic  size  of  its  refcded  image,  as  the  distance  of  both 
to  half  the  raditts  of  tJie  convex  mirror.    Hence,  it  is  necessary  to  measure  the  size  of  the  re- 


Fig.  532. 

Scheme  of  the  ophthalmometer  of  Helmholtz. 


fleeted  image.    This  is  done  by  means  of  the  ophthalmometer  of  Helmholtz  (fio-.  532) 
The  apparatus  is   constructed    on  the  following  principle  :— If   we   observe   an  object 
through  a  glass  plate  placed  obliquely,  the  object  appears  to  be  displaced  laterally  •  the 
displacement  becomes  greater,  the  more  obliquely  the  plate  is  moved.    Suppose  the  observer 
A,  to  look  through  the  telescope,  F,  which  has  the  plate,  G,  placed  obliquely  in  front  of  the 
7ijjpcr  half  of  its  objective,  he  sees  the  corneal  reflected  image,  a  b,  of  the  eye   B  and  the 
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image  appears  to  be  displaced  laterally,  viz.,  to  a'  b'.  If  a  second  plate,  CI,  be  placed  in  front 
of  the  lower  half  of  the  telescope,  but  placed  in  the  opposite  direction,  so  that  both  plates, 
corresponding  to  the  middle  line  of  the  objective,  intersect  at  an  angle,  tlien  the  observer  sees 
the  reflected  image,  a  b,  displaced  laterally  to  a"  b".  As  both  glass  plates  rotate  round  their 
point  of  intersection,  the  position  of  both  is  so  selected,  that  both  retlectcd  images  just  touch 
each  otlier  with  their  inner  margins,  (so  that  b'  abuts  closely  upon  a").  The  size  of  the  reflected 
image  can  be  determined  from  the  size  of  the  angle  formed  by  both  plates,  but  we  must  take 
into  calculation  the  thickness  of  the  glass  plates  and  their  refractive  indices.  The  size  of  the 
corneal  image,  and  also  that  in  the  lens,  may  be  ascertained  in  the  passive  eye,  and  also  in  the 
eye  accommodated  for  a  near  object,  and  the  length  of  the  radius  of  the  curved  surface  may  be 
calculated  therefrom  {Hchnholtz  and  others). 

Fluorescence. — All  the  media  of  the  eye,  even  the  retina,  are  slightly  fluorescent;  the  lens 
most,  the  virteous  humour  least  (i'.  HclrnhoUz). 

Erect  Vision. — As  the  retinal  image  is  inverted,  we  must  explain  how  we  see 
objects  xipright.  By  a  psychical  act,  the  impulses  from  any  point  of  the  retina  are 
again  referred  to  the  exterior,  in  the  direction  through  the  nodal  point ;  thus  the 
stimulation  of  the  point  d  is  referred  to  A,  that  of  c  to  B  (fig.  531).  The  reference 
of  the  image  to  the  external  world  happens  thus,  that  all  points  appear  to  lie  in  a 
surface  floating  in  front  of  the  eye,  which  is  called  the  field  of  vision.  The  field  of 
vision  is  the  inverted  surface  of  the  retina  projected  externally  ;  hence,  the  field  of 
vision  appears  erect  again,  as  the  inverted  retinal  image  is  again  projected  externally 
but  inverted  (fig.  531). 

That  the  stimulation  of  any  point  is  again  projected  in  an  inverse  direction  through  the 
nodal  point,  is  proved  by  the  simple  experiment,  that  pressure  upon  the  outer  aspect  of  the 
eyeball  is  projected  or  referred  to  the  inner  aspect  of  the  field  of  vision.  The  entoptical  phe- 
nomena of  the  retina  are  similarly  projected  externally  and  inverted  ;  so  that,  e.g.,  the  entrance 
of  the  optic  nerve  is  referred  externally  to  the  yellow  spot  (see  §  393).  All  sensations  from  the 
retina  are  projected  externally. 

387.  ACCOMMODATION  OF  THE  EYE. —According  to  No.  2.  (p.  743),  the  rays  of  light 
proceeding  from  a  luminous  point,  e.g.,  a  flame,  and  acted  upon  by  a  collecting  (convex)  lens, 
are  brought  to  a  focus  or  focal  point,  which  has  always  a  definite  relation  to  the  luminous 
object.  If  a  projection-surface  or  screen  be  placed  at  this  distance  from  the  lens,  a  real  and 
inverted  image  of  the  object  is  obtained  upon  the  screen.  If  the  screen  be  placed  nearer  to  the 
lens  (fig.  524,  IV,  a,  b),  or  farther  away  from  it  (c,  d),  no  distinct  image  of  the  object  is  formed, 
but  diffusion  circles  are  obtained  ;  because,  in  the  former  case,  the  rays  have  not  united,  and 
in  the  latter,  because  the  rays,  after  uniting,  have  crossed  each  other  and  become  divergent. 
If  the  luminous  point  be  brought  nearer  to,  or  removed  farther  from,  tlie  lens,  in  order  to 
obtain  a  distinct  image,  in  every  case,  the  screen  must  be  brought  nearer,  or  removed  from  the 
lens,  to  keep  the  same  distance  between  the  lens  and  the  screen.  If,  however,  the  screen  be 
fixed  permanently,  whilst  the  distance  between  the  luminous  point  and  the  lens  varies,  a 
distinct  image  can  only  be  obtained  upon  the  screen,  provided  the  lens,  as  the  luminous  point 
approaches  it,  becomes  more  convex,  i.e.,  refracts  the  rays  of  light  more  strongly — conversely, 
when  the  distance  between  the  luminous  point  and  the  lens  becomes  greater,  the  lens  must 
become  less  curved,  i.e.,  refract  less  strongly. 

In  the  eye,  the  jjrojection  surface  or  screen  is  represented  by  the  retina,  which  is  permanently 
fixed  at  a  certain  distance  ;  but  the  eye  has  the  power  of  forming  distinct  images  of  near  and 
distant  objects  upon  the  retina,  so  that  the  refractive  power,  i.e.,  the  form  of  the  crystalline 
lens  in  the  eye,  must  undergo  a  change  in  curvature  corresponding  in  every  ca.se  to  the  distance 
of  the  object.  [It  is  important  to  remember,  that  we  cannot  see  a  Jiear  object  and  a  distant 
one  with  equal  distinctness  at  the  same  time,  and  hence  arises  the  necessity  for  accom- 
modation.] 

Accommodation. — By  the  term  "accommodation  of  the  eye,"  is  understood  tliat 
property  of  the  eye.  whereby  it  forms  distinct  images  of  distant  as  well  as  near 
objects  upon  the  retina.  This  power  depends  upon  the  fact,  that  the  crystalline 
lens  alters  its  curvature,  becoming  more  convex  (thicker),  or  less  curved 
(flatter),  according  to  the  distance  of  the  object.  AVhen  the  lens  is  absent  from  the 
eyeball,  accommodation  is  impossible  {Th.  Young,  Danders — p.  740). 

During  rest  [or  negative  accommodation],  or  when  the  eye  is  passive,  it  is 
accommodated  for  the  greatest  distance,  i.e.,  images  of  objects  placed  at  an  infinite 
distance  {e.g.,  the  moon)  are  formed  upon  the  retina.    En  this  case,  rays  coming 
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from  such  a  distance  are  practically  ;.«m/^./  and  when  they  enter  the  eye,  are  in 
the  vassive  normal  eye  (emmetropic)  brought  to  a  focus  on  the  retina.  When 
tne  2Mssioe  y    \  i'  looking  at  a  distant  object,  a  distinct  image  is 

formed  on  the  retina  without  the  ,aid  of  any 
muscular  action. 

That  distant  objects  are  seen  without  the  aid  of  any 
muscular  action  is  shown  by  the  following  considera- 
tions:—(1)  With  the 
normal,  or  emmetropic 
eye,  we  can  see  distant 
objects  clearly  and  dis- 
tinctly, without  expe- 
riencing any  feeling  of 
effort.  On  opening  the 
eyelids  after  a  long  period 
of  rest,  the  objects  at  a 
distance  are  at  once  dis- 


Anterior  quadrant  of  a  horizontal  section  of  the  eyeball,  cornea,  and  lens. 
a,  substantia  propria  of  the  cornea;  b,  Bowman's  elastic  membrane;  c, 
anterior  corneal  epithelium  ;  d,  Descement's  membrane  ;  e,  its  epithe- 
lium ;  /,  conjunctiva  ;  g,  sclerotic  ;  ?i,  iris  ;  i,  sphincter  iridis  ;  j,  liga- 
mentum  pectinatum  iridis,  with  the  adjoining  vacuolated  tissue  ;  k,  canal 
of  Schlemm  ;  I,  longitudinal,  m,  circular  muscular  fibres  of  the  ciliary 
muscle  ;  n,  ciliary  process  ;  o,  ciliary  part  of  the  retina  ;  q,  canal  of  Petit, 
with  Z,  zonule  of  Zinn  in  front  of  it ;  and  2^,  the  posterior  layer  of  the  hj'aloid  membrane ; 
r,  anterior,  s,  posterior  part  of  the  capsule  of  the  lens  ;  t,  choroid  ;  t<,  perichoroidal  space  ; 
T,  pigment  epithelium  of  the  iris  ;  x,  margin  of  the  lens. 

tinctly  visible  in  the  field  of  vision.  (2)  If,  in  consequence  of  paralysis  of  the  mechanism  of 
accommodation  {e.g.,  through  paralysis  of  the  oculomotor  nerve — §  345,  7),  the  eye  is  unable  to 
focus  images  of  objects  placed  at  different  distances,  still  distinct  images  ai-e  obtained  of  distant 
objects.  Thus,  paralysis  of  the  mechanism  of  accommodation  is  always  accompanied  by  inability 
to  focus  a  near  object,  never  a  distant  object.  A  temporary  paralysis  occurs  with  the  same 
results  when  a  solution  of  atropin  or  duboisin  is  dropped  into  the  eye,  and  also  in  poisoning^ 
with  these  drugs  (§  392). 

When  the  eye  is  accommodated  for  a  near  object,  [positive  accommodation], 
the  lens  is  thicker,  its  anterior  surface  is  more  curved  (convex),  and  projects 
farther  into  the  anterior  chamber  of  the  eye  {Cramer,  1851,  v.  Helmholtz,  1853). 
The  mechanism  producing  this  result  is  the  following  : — During  rest,  the  lens  is  kept 
somewhat  flattened  against  the  vitreous  humour  lying  behind  it,  by  the  tension  of  the 
stretched  zonule  of  Zinn,  which  is  attached  round  the  margin  of  the  lens  (fig.  533,  Z). 
When  the  muscle  of  accommodation,  the  ciliary  muscle  {I,  m),  contracts,  it  pulls 
forward  the  margin  of  the  choroid,  so  that  the  zonule  of  Zinn  in  intimate  relation 
with  it  is  relaxed.    [When  we  accommodate  for  a  near  object,  the  ciliary  muscle 
contracts,  pulls  forward  the  choroid,  relaxes  the  zonule  of  Zinn,  and  this  in  turn 
diminishes  the  tension  of  the  anterior  part  of  the  capsule  of  the  lens.]    The  lens 
assumes  a  more  curved  form,  in  virtue  of  its  elasticity,  so  that  it  becomes  more 
convex  as  soon  as  the  tension  of  the  zonule  of  Zinn,  which  keeps  it  flattened,  is 
diminished  (fig.  534).    As  the  posterior  surface  of  the  lens  lies  in  the  saucer-shaped 
unyielding  depression  of  the  vitreous  humour,  the  anterior  surface  of  the  lens  in 
becoming  more  convex  must  necessarily  protrude  more  forwards. 

Nerves. — According  to  Hensen  and  Volckers,  the  origin  of  the  nerves  of  accom- 
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modation  lies  in  the  most  anterior  root-bundles  of  the  oculomotorius.  Stimulation 
of  the  posterior  part  of  the  floor  of  the  third  ventricle  causes  accommodation  ;  if  a 
part  lying  slightly  posterior  to  this  be  stimulated,  contraction  of  the  pupil  occurs. 
On  stimulating  the  limit  between  the  third  ventricle  and  the  aqueduct,  there  results 


Fig.  534. 

Scheme  of  accommodation  for  near  and  distant  objects.  The  right  side  of  the  figm'e  represents 
the  condition  of  the  lens  during  acconmiodation  for  a  near  object,  and  tlie  left  side  when 
the  eye  is  at  rest.  The  letters  indicate  the  same  parts  on  both  sides  ;  those  on  the  right 
side  are  marked  with  a  dash  ;  A,  left,  £,  right  half  of  the  lens  ;  0,  cornea  ;  S,  sclerotic  ; 
C.S.,  canal  of  Schlemm  ;  V.K.,  anterior  chamber  ;  J,  iris  ;  P,  margin  of  the  pupil  ;  V, 
anterior  surface  ;  Zf,  jjosterior  surface  of  the  lens  ;  Ji,  margin  of  the  lens  ;  F,  margin  of 
the  ciliary  processes  ;  a  and  b,  space  between  tlie  two  former  ;  the  line  Z,  X,  indicates  the 
thickness  of  the  lens  during  accommodation  for  a  near  object ;  Y,  the  thickness  of  the 
lens  when  the  eye  is  passive. 


contraction  of  the  internal  rectus  muscle,  while  stimulation  of  the  other  parts  around 
the  iter  causes  contraction  of  the  superior  rectus,  levator  palpebrse,  rectus  inferior, 
and  inferior  oblique  muscles. 

Proofs. — That  the  lens  undergoes  an  alteration  in  its  curvature,  during  accommodation,  is 
proved  bj'  the  following  facts  : — 

1.  Purkinje-Sanson's  Images. — If  a  lighted  candle  be  held  at  one  side  of  the  eye,  or  if  light 
be  allowed  to  fall  on  the  eye  through  two  triangular  holes,  placed  above  each  other  and  cut  in 
a  piece  of  cardboard,  in  the  latter  case  the  observer  will  see  three  pairs  of  reflected  images  [in 
the  former,  three  images}.  The  brightest  and  most 
distinct  image  (or  pair  of  images)  is  erect  and  is 
produced  by  the  anterior  surface  of  the  cornea  (fig. 
535,  a).  The  second  image  (or  pair  of  images)  is 
also  erect.  It  is  the  largest,  but  it  is  not  so  briglit 
{b),  and  it  is  reflected  by  the  anterior  surface  of 
the  lens.  (The  size  of  a  reflected  image  from  a 
convex  mirror  is  greater,  the  longer  the  radius  of 
curvature  of  the  reflecting  surface.)  The  latter 
image  lies  8  mm.  bchitul  the  plane  of  the  pupil. 
The  third  image  (or  pair  of  images)  is  of  medium 


Fig. 


535. 

Sanson -Purkinic's  images.  «,  b,  c,  during 
negative,  and  a„  b„  positive  accommo- 
dation. 


size  and  medium  brightness— it  is  inverted  and  lies 
nearly  in  the  plane  of  the  pupil  (c).  The  posterior 
capsule  of  the  lens,  which  reflects  the  last  image, 

acts  like  a  concave  mirror.    If  a  luminous  object  be  ,.  , 

i)laced  at  a  distance  from  a  concave  mirror,  its  inverted,  diminished,  real  image  lies  close  to  the 
locus  towards  the  side  of  the  object.  If  the  images  be  studied  when  the  observed  eye  is  passive, 
i  e  in  the  phase  of  negative  accommodation,  on  asking  the  person  experimented  upon  to  accom- 
modate his  eye  for  a  near  object,  at  once  a  change  in  the  relative  position  and  size  of  some  of 
the  imatres  is  apparent.  The  middle  pair  of  images  reflected  by  the  anterior  surface  of  the  lens 
diminish  in  size  and  approach  each  other  (b),  which  depends  upon  the  fact  that  the  anterior 
surface  of  the  lens  has  become  more  convex.  At  the  same  time,  the  imago  (oi-  pair  of  images) 
comes  nearer  to  the  image  formed  by  the  cornea  (a,  and  c,)  as  the  anterior  surface  of  the  lens  lies 
nearer  to  the  cornea.    The  other  images  (or  pairs  of  images)  neither  change  their  size  nor  posi- 
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tion.  Helmholtz,  with  the  aid  of  the  ophthalmometer,  has  measured  the  diminution  of  the 
radius  of  curvature  of  the  anterior  surface  of  the  lens  during  accommodation  for  a  near  object 

[Phakoscope.— These  images  maybe  readily  shown  by 
means  of  the  phakoscope  of  v.  Helmholtz  (fig.  536).  It 
consists  of  a  triangular  box  with  its  angles  cut  oil'  and 
blackened  inside.  The  observer's  eye  is  placed  at  a,  while 
on  the  opposite  side  of  the  box  are  two  prisms,  l,  ; 
the  observed  eye  is  placed  at  the  side  of  the  box  opposite 
to  C.  When  a  candle  is  held  in  front  of  the  prisms,  b 
and  b^,  three  pair.s  of  images  are  seen  in  the  observed 
eye.  Ask  the  person  to  accommodate  for  a  distant  ob- 
ject, and  note  the  position  of  the  images.  On  pushing 
up  the  slide  C  with  a  pin  attached  to  it,  and  asking  him 
to  accommodate  for  the  pin,  i.e.,  for  a  near  object,  the 
position  and  size  of  the  middle  images  chiefly  will  be 
seen  to  alter  as  described  above.  ] 

2.  In  consequence  of  the  increased  curvature  of  the 
lens  during  accommodation  for  a  near  object,  the  re- 
fractive indices  within  the  eye  must  undergo  a  change. 
According  to  v.  Helmholtz  the  annexed  measurements 
obtain  in  negative  and  positive  accommodation  respec- 
tively. 

3.  Lateral  View  of  the  Pupil.  — If  tlie  passive  eye  be 
looked  at  from  the  side,  we  observe  only  a  small  black 
strip  of  the  pupil,  which  becomes  broader  as  soon  as  the 
person  experimented  on  accommodates  for  a  near  object, 
as  the  whole  pupil  is  pushed  more  forwards. 

4.  Focal  Line. — If  light  be  admitted  through  the  cor- 
nea into  the  anterior  chamber,  the  "  focal  line  "  formed 
by  the  concave  surface  of  the  cornea  falls  upon  the  iris. 

If  the  experiment  be  made  upon  a  person  whose  eye  is  accommodated  for  a  distant  object,  so 
that  the  line  lies  near  the  margin  of  the  pupil,  it  gradually  recedes  towards  the  scleral  margin 


Fig.  536. 
Phakoscope  of  Helmholtz. 


Accommodation. 


Radius  of  the  cornea,  ....... 

Radius  of  anterior  surface  of  lens,  ..... 

Radius  of  posterior  surface  of  lens,  ..... 

Position  of  the  vertex  of  the  outer  surface  of  the  lens  be- 
hind the  vertex  of  the  cornea,     .       .       .     '  . 

Position  of  the  posterior  vertex  of  the  lens. 

Position  of  the  anterior  focal  point,  .... 

Position  of  the  first  principal  point,  .... 

Position  of  the  second  principal  point,  .... 

Position  of  tlie  posterior  focal  point  behind  the  anterior 
vertex  of  the  cornea,  ....... 


Negative — Mm. 


Positive — Mm. 


8 
10 

8 
6 

6 

5-5 

3-6 

3-2 

7-2 

7-2 

12-9 

11-24 

1-94 

2-03 

6-96 

6-51 

22-23 

20-25 

of  the  iris,  as  soon  as  the  person  accommodates  for  a  near  object,  because  the  iris  becomes  more 
oblique  as  its  inner  margin  is  pushed  forward. 

5.  Change  in  Size  of  Pupil. — On  accommodating  for  a  near  object,  the  pupil  contracts, 
while  in  accommodation  for  a  distant  object,  it  dilates  (Descartes,  1637).  The  contraction  takes 
place  slightly  after  the  accommodation  {Bonders).  Tliis  phenomenon  may  be  regarded  as  an 
associated  movement,  as  both  the  ciliary  muscle  and  the  sphincter  pupillfe  are  supplied  by  the 
oculomotorius  (§  345,  2,  3).  A  reference  to  fig.  533  shows  that  the  latter  also  directly  supports 
the  ciliaiy  muscle ;  as  the  inner  margin  of  the  iris  passes  inwards  (towards  r),  its  tension  tends 
to  be  propagated  to  tlie  ciliary  margin  of  the  choroid,  which  also  must  pass  inwards.  The 
ciliary  processes  are  made  tense,  chiefly  by  the  ciliary  muscle  (tensor  choroids).  Accommoda- 
tion can  still  be  performed,  even  though  the  iris  be  absent  or  cleft. 

6.  Internal  Rotation  of  the  Eye.— On  rotating  the  eyeball  inwards,  accommodation  for  a 
near  object  is  performed  involuntarily.  As  rotation  of  both  eyeballs  inwards  takes  place  when 
the  axes  of  vision  are  directed  to  a  ')im.r  object,  it  is  evident  that  this  must  be  accompanied 
involuntarily  by  an  accommodation  of  the  eye  for  a  near  object. 

7.  Time  for  Accommodation. —A  person  can  accommodate  from  a  near  to  a  distant  obiect 
(which  depends  upon  relaxation  of  the  ciliary  muscle)  much  more  rapidly  than  conversely  from 
a  distant  to  a  near  object  {Vierordt,  Aeby).  The  process  of  accommodation  reciuires  a  longer 
time,  the  nearer  the  object  is  brought  to  the  eye  {Vierordt,  Volckcrs  and  Hcnscn).    The  time 
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necessary  for  the  image  reflected  from  the  anterior  surface  of  the  lens  to  change  its  place  during 
)'^^^°"'  required  for  subjective  accommodation   {Auhert  and 

8.  Line  of  Accommodation — When  the  eye  is  placed  in  a  certain  position  during  accommo- 
dation,  we  may  see  not  point  alone  distinctly,  but  a  whole  series  of  points  behind  each 
other.  Czermak  called  the  line  in  which  these  points  lie  the  Um  of  accommodation.  The  more 
the  eye  is  accommodated  for  a  distant  object,  the  longer  does  this  line  become.  All  objects 
placed  at  a  greater  distance  from  the  eye  than  60  to  70  metres  appear  equally  distinct  to  the 
eye.  Ihe  line  becomes  shorter  the  more  we  accommodate  for  a  near  object— i.e.,  when  we 
accommodate  as  much  as  possible  for  a  near  object,  a  second  point  can  only  be  seen  indistinctly 
at  a  short  distance  behind  the  obieet  look-p.l  at 


referred  to  under  OcnlO' 


behind  the  object  looked  at. 
9.  The  nerves  concerned  in  the  mechanism  of  accommodation  are 
motoriics  (§  345,  and  again  in  §  704). 

Schemer's  Experiment.— The  experiment  which  bears  the  name  of  Scheiner 
(1619)  serves  to  illustrate  the  refractive  action  of  the  lens  during  accommodation 
for  a  near  object,  as  well  as  for  a  distant  object.    Make  two  small  pin-holes  (S,  d) 
in  a  piece  of  cardboard  (fig.  537,  K,  Kj),  the  holes  being  nearer  to  each  other  than 
the  diameter  of  the  pupil.    On  looking 
through  these  holes,  S,  d,  at  two  needles 
(p  and  r)  placed  behind  each  other,  then 
on  accommodating  for  the  new  needle  (p), 
the  far  needle  (/•)  becomes  double  and  in- 
verted.   On  accommodating  for  the  near 
needle  (p),  of  course  the  rays  proceeding 
from  it  fall  upon  the  retina  at  the  focus 
(p^) ;  while  the  rays  coming  from  the  far 
needle  (?•)  have  already/  united  and  crossed 
in  the  vitreous  humour,  whence  they  di- 
verge more  and  more  and  form  two  pictures 
(^'/>  ^■„)  on  the  retina.    If  the  iH^ht  hole  in 
the  cardboard  (d)  be  closed,  the  left  picture 
on  the  retina  (r,^)  of  the  double  images 
of  the  far  needle  disappears.    An  analo- 
gous result  is  obtained  on  accommodating 
for  the  far  needle  (R).    The  near  needle 
(P)  gives  a  double  image  (P^,  P„),  because 
the  rays  from  it  have  not  yet  come  to  a 
focus.    On  closing  the  iif/ht  hole  (d^),  the 
riffht  double  image  (P^)  disappears  {Porter- 
field).    When  the  eye  of  the  observer  is 
accommodated  for  the  near  needle,  on 
closing  one  aperture  the  double  image  of 
the  distant  point  disappears  on  that  side  ; 
but  if  the  eye  is  accommodated  for  the  distant  needle,  on  closing  one  hole  the 
crossed  image  of  the  near  needle  disappears. 


Fig.  537. 
Scheiner's  experiment. 


388.  REFRACTIVE  POWER  OF  THE  EYE— ANOMALIES  OF  RE- 
FRACTION.— The  limits  of  distinct  vision  vary  very  greatly  in  different  eyes. 
We  distinguish  tlie  far  point  [p.r.,  punctum  remotum]  and  the  near  point  [p.p., 
piinctum  proximum] ;  the  former  indicates  the  distance  to  which  an  object  may 
be  removed  from  the  eye,  and  may  still  be  seen  distinctly  ;  the  latter,  the  distance 
to  which  any  object  may  be  brought  to  the  eye,  and  may  still  be  seen  distinctly. 
The  distance  between  these  two  points  is  called  the  range  of  accommodatior . 
The  types  of  eyeball  are  characterised  as  follows — 

1.  The  normal  or  emmetropic  eye  is  so  arranged  when  at  rest  that  parallel  rays 
(fig.  538,  r,  r)  coming  from  the  most  distant  objects  can  be  focussed  on  the  retina 
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)     The  far  point,  therefore,  is  =  «)  (infinity).     When  accommodating  as  much 
as' possible  for  a  near  object,  whereby  the  convexity  of  the  lens  is  increased  fig^ 
'■y^H  a)  ravs  from  a  luminous  point  placed  at  a  distance  of  5  inches  are  still  focussed 
'''  ^  on  the  retina,        the  ?iertr  i^otw^ 

is=5  inches  (1  inch=27  mm.). 
The  range  of  accommodation,  or 
["  the  range  of  distinct  vision  "], 
therefore,  is  from  5  inches  (10-12 
cm. )  to  CO  . 

2.  The  short-sighted,  myopic 
eye  (or  long  eye)  cannot,  tvhen  at 
rest,  bring  parallel  rays  from  in- 
finity to  a  focus  on  the  retina  (fig. 
539).  These  rays  decussate  within 
the  vitreous  humour  (at  O),  and 
after  crossing  form  diffusion  circles 
upon  the  retina.  The  object  must 
be  removed  from  the  passive  eye 
Fig.  538.  to  a  distance  of  60  to  120  inches 

Condition  of  refraction  in  the  nonnal  passive  eye  and    ^to  /),  in  order  that  the  rays  may 
duvmg  accommodation.  focussed  on  the  retina.  The 

passive  myopic  eye,  therefore,  can  only  focus  divergent  rays  upon  the  retina.  The 
far  point,  therefore,  lies  abnormally  near.    With  an  intense  effort  at  accommodation, 

objects  at  a  distance  of  4  to 
2  inches,  or  even  less,  from 
the  eye  may  be  seen  dis- 
tinctly. The  near  ^)om^, 
therefore,  lies  abnormally 
near ;  the  range  of  accom- 
modation is  diminished. 

Short-sightedness,  or  myopia, 

usually  depends  upon  congenital, 
and  frequently  hereditary,  elon- 
Yitr  539  gation   of   the   eyeball.  This 

.     '  anomaly  of  the  refractive  media 

iMyopic  eye.  easily  corrected  by  using  a 

diverging  lens  (concave),  which  makes  ]mrallel  rays  divergent,  so  that  they  can  then  be  brought 
to  a  focus  on  the  retina.  It  is  remarkable  that  most  children  are  myopic  when  they  are  born. 
This  myojiia,  however,  depends  upon  a  too-curved  condition  of  the  cornea  and  lens,  and  on  the 
lens  being  too  near  to  the  cornea.     As  the  eye  grows,  this  short-sightedness  disappears. 

The  cause  of  myopia  in  children  is  ascribed 
to  the  continued  activity  of  the  ciliaiy  muscle 
in  reading,  writing,  &c.,  or  the  continued 
convergence  of  the  eyeballs,  whereby  the 
external  pressure  upon  the  eyeball  is  in- 
creased. 


--if--^^"  


3.  The  long-sighted,  hyperme- 
tropic eye,  hyperoptic  (flat  eye)  when 
at  rest,  can  only  cause  convergent  rays 
to  come  to  a  focus  on  the  retina  (fig. 
540).  Distinct  images  can  only  be 
formed  when  the  rays  proceeding  from 
objects  are  rendered  convergent-  by 
means  of  a  convex  lens,  as  parallel  rays 
would  come  to  a  focus  behind  the  retina  (at/).  All  rays  proceeding  from  natural 
objects  are  either  divergent,  or  at  most  nearly  parallel,  never  convergent.  Hence, 


Fig.  540. 
Hypermetropic  eye. 


THE  POWER  OR  FORCE  OF  ACCOMMODATIOX. 


755 


a  long-sighted  person,  when  the  eye  is  jxisdve,  i.e.,  is  neyativeli/  accommodated, 
cannot  see  distinctly  without  a  convex  lens.  When  the  ciliary  muscle  contracts, 
slightly  convergent,  parallel,  and  even  slightly  divergent  rays  may  be  focussed, 
according  to  the  increasing  degree  of  the  accommodation.  The  far  point  of  the 
eye  is  negative,  the  7iear  point  abnormally  distant  (over  8  to  80  inches),  while  the 
ra7i(/e  of  accommodation  is  infinitely  great. 

_  The  cause  of  liypennetropia  is  abnormal  sliortness  of  the  eye,  wliich  is  generally  due  to 
imperfect  (leveloi)nient  in  all  directions.    It  is  coiTected  l>y  using  a  convex  lens. 

[Defective  Accommodation. — In  the  presbyopic  eye,  or  long-sighted  eye  of  old 
people,  the  near  point  is  farther  away  than  normal,  but  the  far  point  is  still 
unaffected.  In  such  cases,  the  person  cannot  see  a  near  object  distinctly,  unless  it 
be  held  at  a  considerable  distance  from  the  eye.  It  is  due  to  a  defect  in  the 
mechanism  of  accommodation,  the  lens  becoming  somewhat  flatter,  less  elastic,  and 
denser  with  old  age,  while  the  ciliary  muscle  becomes  weaker.  In  hypermetropia, 
on  the  contrary,  the  mechanism  of  accommodation  may  be  perfect,  yet  from  the 
shape  of  the  eye  the  person  cannot  focus  on  his  retina  the  rays  of  light  from  a  near 
object.  In  presbyopia  the  range  of  distinct  vision  is  diminished.  The  defect  is 
remedied  by  weak  convex  glasses.  The  defect  usually  begins  about  forty-five 
years  of  age.] 

Estimation  of  the  Far  Point— Snellen's  Types.— In  order  to  determine  t\\Q  far  point  of  an 
eye,  gradually  bring  nearer  to  the  eye  objects  which  form  a  visual  angle  of  5  minutes  {e.g., 
Snellen's  small  type  letters,  or  the  mediuni  type,  4  to  8,  of  Jaeger),  until  they  can  be  seen  dis- 
tinctly. The  distance  from  the  eye  indicates  the  far  point.  In  order  to  determine  the  far  point 
of  a  iiujopic  person,  place  at  20  inches  distant  from  the  eye  the  same  objects  wliich  give  a  visual 
angle  of  5  minutes,  and  ascertain  the  conca  ve  lens  which  will  enable  the  person  to  see  the  objects 
distinctly.  To  estimate  the  near  point,  bring  small  objects  {e.g.,  the  tinest  print)  nearer  and 
Jiearer  to  the  eye,  until  it  finally  becomes  indistinct.  The  distance  at  which  one  can  still  see 
distinctly  indicates  the  far  ])oint. 

Optometer. — The  oj)tometer  may  also  ])e  used  to  determine  the  near  and  far  points.  A  small 
object,  e.g.,  a  needle,  is  so  arranged  as  to  he  movable  along  a  scale,  along  which  the  eye  to  be 
investigated  can  look  as  a  person  looks  along  the  sight  of  a  rifle.  The  needle  is  moved  as  near 
as  possilde,  and  then  removed  as  far  as  possible,  in  each  case  as  long  as  it  is  seen  distinctly. 
The  distance  of  the  near  and  far  point  and  the  range  of  accommodation  can  be  read  off  directly 
upon  the  scale  {Griifc). 

389.  FORCE  OF  ACCOMMODATION.— Force.— The  range  of  accommodation,  which  is 
easily  determined  experimentally,  does  not  by  itself  determine  the  proper  poft'cr  or  force  of 
accommodation.  The  measure  of  the  latter  depends  upon  the  mechanical  loorh  done  by  the 
muscle  of  accommodation,  or  the  ciliary  muscle.  Of  course  this  cannot  be  directly  determined 
in  the  eye  itself.  Hence,  this  force  is  measured  by  the  optical  effect,  which  results  in  consequence 
of  the  change  in  the  shape  of  the  lens,  brought  about  by  the  energy  of  the  contracting  nmscle. 

In  the  normal  eye,  during  the  passive  condition,  the  rays  coming  from  infinity,  and  there- 
fore parallel  (which  are  dotted  in  fig.  541),  are  focussed  upon  the  retina  at/.  If  rays  coming 
from  a  distance  of  5  inches  (p.  756) 
are  to  be  focussed,  the  whole  avail- 
able energy  of  the  ciliary  muscle  must   "[^S^-^^A 

be  brought  into  play  to  allow  the  lens  ^   M 

to  become  more  convex,  so  that  the  p  .:::^^^ff^  |^ 
rays  may  be  brought  to  a  focus  at  W 
*\    The  energy  of  accommodation, 

therefore,  produces  an  optical  effect  \n     .TTTrrr? 

as  far  as  it  increases  the  convexity 
of  the  anterior  surface  of  the  passive 
lens  (A),  by  the  amount  indicated  by  pj„  5^j_ 

B.     Practically,  we  may  regard  the 

matter  as  if  a  liew  convex  lens  (B)  were  added  to  the  existing  convex  lens  (A).  "What,  therefore, 
must  be  the  focal  distance  of  the  lens  (  Pj),  in  order  that  rays  coming  from  the  near  point  (5  inches) 
may  be  focussed  upon  the  retina  at /?  Evidently  the  lens  B  must  make  the  divergiug  rays  coming 
from 2},  parallel,  and  then  A  can  focus  tlieni  at/.  Convex  lenses  cause  those  rays  proceeding  from 
theiv  focal  points  to  pass  out  at  the  other  side  as  parallel  rays  (§  385,  I.).  Hence,  in  our  case, 
tlie  lens  must  have  a  focal  distance  of  5  incJies.  The  normal  eye,  therefore,  with  the  far  point 
=  00,  and  the  near  point  =  5  inches,  has  a  power  of  accommodation  equal  to  a  lens  of  5  inches 
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focal  distance  When  the  lens  by  the  energy  of  accommodation  is  rendered  more  powerfully  i-e- 
fSive  l?e Increase  (li)  can  readily  be  eliminated  by  placing  before  the  eye  ^  concave  len, 
V  hSir^  esses  exactly  the  opposite  optical  effect  of  the  increase  of  accommoda  ion  (B).  Hence 
t  s  poSle  to  indicate  the  power  (force)  of  accommodation  of  the  eye  by  a  lens  of  a  dehnite 
LalTstance.  by  the  optical  etiect  produced  by  the  latter.  Therefore  according  to 
Donders  tlie  measure  of  tiie  force  of  accommodation  of  the  eye  is  the  reciprocal  value  ot  the 
focal  distance  of  a  concave  lens,  which,  when  placed  before  the  accommodated  eye,  so  retracts 
the  rays  of  li"ht  coming  from  the  near  point  (^J)  as  if  they  came  from  the  far  point.  _ 
Example.— We  may  calculate  the  force  of  the  accommodation  according  to  the  following  lor- 

nuila  :—-  =  --  --,  i.e.,  the  force  of  accommodation,  expressed  as  the  dioptric  value  of  a  lens  (of 

X 

X  inch  focal  distance),  is  equal  to  the  difference  of  the  reciprocal  values  of  the  distances  of  the 
near  point  {p)  and  of  the  far  point  (r)  of  the  eye.    In  the  emmetropic  eye,  as  already  mentioned, 

p  =  5,  ?-=co.    Its  force  of  accommodation  is  therefore  ~  =  ---^>  so  that  a;  =  5,  i.e.,  it  is  equal 

,111. 

to  a  lens  of  5  inches  focal  distance.    In  a  myopic  eye,  2^  =  4,  ?• = 1 2,  so  that  ~  =  4  "  j^'    ''■■■>  ^- 

6.  Inanother  myopic  eye,  with  p=i  and  '/•=20,  then  a;==5,  which  is  a  normal  force  of  accom- 
modation. Hence,  it  is  evident  that  two  different  eyes,  possessing  a  very  different  range  of 
accommodation,  may  nevertheless  have  the  same  force  of  accommodation.    Example. — The  one 

11 

eye  has  p  =  i,  r=oo,  the  other,  p  =  2,  r  =  4.    In  both  cases,  -  =-,  so  that  the  force  of  accom- 

modation  of  both  eyes  is  equal  to  the  dioptric  value  of  a  lens  of  4  inches  focal  distance.  Con- 
versely, two  eyes  may  have  the  same  range  of  accommodation,  and  yet  their  force  of  accommo- 
dation be  very  unequal.  Example. — The  one  eye  has  ;j  =  3,  r  =  6  ;  the  other  2^  =  6,  r  =  9.  Both, 
therefore,  have  a  range  of  accommodation  of  3  inches.    For  these,  the  force  of  accommodation, 

111         «         I  1     1     1  1<5 

Relation  of  range  to  force  of  accommodation. — The  general  law  is,  that,  the  ranges  of 
accommodation  of  two  eyes  being  equally  great,  then  their  forces  of  accommodation  are  equal, 
provided  that  their  near  points  are  the  same.  If  the  ranges  of  accommodation  for  both  eyes 
are  ec^ually  great,  but  their  near  points  unequal,  then  the/o?'ces  of  accommodation  are  also  un- 
equal— the  latter  being  greater  in  the  eyes  with  the  smallest  near  point.  This  is  due  to  the 
fact  that  every  difference  of  distance  ncur  a  lens  has  a  much  greater  efiect  upon  the  image  as 
compared  with  differences  in  the  distance  far  from  a  lens.  The  emmetropic  eye  can  see  dis- 
tinctly objects  at  60  to  70  metres,  and  even  to  infinity,  without  accommodation. 

While  I)  and  ?•  may  be  directly  estimated  in  the  emmetropic  and  myopic  ej'es,  this  is  impos- 
sible with  the  hypermetropic  (long-sighted)  eye.  The  far  point  in  the  latter  is  negative  ;  indeed, 
in  very  pronounced  hypermetropia  even  the  near  point  may  be  negative.  The  far  point  may 
be  estimated  by  making  the  hypermetropic  eye  practically  a  normal  eye  by  using  suitable 
convex  lenses.    The  relative  near  point  may  then  be  determined  by  means  of  the  lens. 

Even  from  the  15th  year  onwards,  the  power  of  accommodation  is  generally  diminished  for 
near  objects — perhaps  this  is  due  to  a  diminution  of  the  elasticity  of  the  lens  (Donders). 

390.  SPECTACLES. — The  focal  distance  of  concave  (diverging),  as  well  as  convex  (converg- 
ing) spectacles,  depends  upon  the  refractive  index  of  the  glass  (usually  3  :  2),  and  on  the  length 
of  the  radius  of  curvature.  If  the  curvature  of  both  sides  of  the  lens  is  the  same  (biconcave  or 
biconvex),  then,  with  the  ordinary  refractive  index  of  glass,  the  focal  distance  is  the  same  as  the 
radius  of  curvature.  If  one  surface  of  the  lens  is  plane,  then  the  focal  distance  is  twice  as 
great  as  the  radius  of  the  spherical  surface.  Spectacles  are  arranged  according  to  their  focal 
distance  in  inches,  bat  a  lens  of  shorter  focal  distance  than  1  inch  is  generally  not  used.  They 
may  also  be  arranged  according  to  their  ref  ractive  poicer.  In  this  case,  the  refractive  power  of 
1  lens  of  1  inch  focus  is  taken  as  the  unit.  A  lens  of  2  inches  focus  refracts  light  only 
half  as  much  as  the  unit  measure  of  1  inch  focus  ;  a  lens  of  3  inches  focus  refracts  ^  as 
strongly,  &c.  This  is  the  case  both  with  convex  and  concave  lenses,  the  latter,  of  course, 
having  a  negative  focal  distance  ;  thus,  "concave — ^."indicates  that  a  concave  lens  divero'es 
the  rays  of  light  one-eighth  as  strongly  as  the  concave  lens  of  1  inch  (negative)  focal  distance. 

Choice  of  Spectacles. — Having  determined  the  7iear  point  in  a  myopic  eye,  of  course  we 
require  to  render  parallel  the  divergent  rays  coming  from  the  far  point,  just  as  if  they  came 
from  infinity.  This  is  done  by  selecting  a  concave  lens  of  the  focal  distance  of  the  far  point. 
The  greatest  distance  is  the  far  point  of  the  emmetropic  eye.  Suppose  a  myopic  eye  with  a  far 
point  of  6  inches,  then  such  a  person  refjuires  a  concave  lens  of  6  inches  focus  to  enable  him  to 
see  distinctly  at  the  greatest  distance.  Thus,  in  a  myopic  eye,  the  distance  of  the  far  point 
from  the  eye  is  directly  equal  to  the  focus  of  the  (weakest)  concave  lens,  which  enables  one  to 
see  distinctly  objects  at  the  greatest  distance.  These  lenses  generally  have  the  same  number 
as  the  spectacles  required  to  correct  the  defect.    Example. — A  myopic  eye  with  a  far  point  of 
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8  inches  requires  a  concave  lens  of  8  inches  focus,  i.e.,  the  concave  spectacles  No.  8.  For  the 
hypemietropic  (loDg-sighted)  eye,  the  focal  distance  of  the  strongest  convex  lens,  which  enables 
the  liypernictropic  eye  to  see  the  most  distant  objects  distinctly,  is  at  the  same  time  the  distance 
of  the  for  point  from  the  eye.  Example.— A  hypermetropic  eye  which  can  see  the  most  distant 
objects  with  the  aid  of  a  convex  lens  of  12  inches  focus  has  a  far  point  of  12;  the  ])roper 
spectacles  are  convex  No.  12. 

[Diopter  or  Dioptric. —The  focal  length  of  a  lens  used  to  be  cxijressed  in  inches  ;  and  as  the 
unit  was  taken  as  1  inch,  necessarily  all  weaker  lenses  were  exjjressed  in  fractions  of  an  inch. 
In  the  metliod  advocated  by  Bonders,  the  standard  is  a  lens  of  a  focal  distance  of  1  metre 
(39-370  English  inches,  about  40  inches),  and  this  unit  is  called  a  dioptric.  Tlius,  the  standard 
is  a  weak  lens,  so  that  the  stronger  lenses  are  multiples  of  this.  Hence,  a  lens  of  2  dioptrics  = 
one  of  about  20  inches  focus  ;  10  dioptrics  =  4  inches  focus  ;  and  so  on.  The  lenses  arc  num- 
bered from  No.  1,  i.e.,  1  dioptric  onwards.  It  is  convenient  to  use  signs  instead  of  the  words 
convex  and  concave.  For  convex  the  sign  phis  +  is  usetl,  and  for  concave  the  sign  minus  -  . 
Thus  a  +  4-0  means  a  convex  lens  of  4  diojitrics,  aud  a  -  4-0  =  a  concave  lens  of  4 dioptrics.] 

In  all  cases  of  myo])ia  or  hypemietropia,  the  person  ought  to  wear  the  proper  spectacles.  In 
a  myopic  eye,  when  the  far  point  is  still  more  than  5  inches,  the  patient  ought  always  to  wear 
spectacles  ;  but  generally  the  working  distance,  e.g.,  for  reading,  writing,  and  for  handicrafts,  is 
about  12  inches  from  the  eye.  If  the  jjcrson  desires  to  do  finer  work  (etching,  drawhig),  re(|uir- 
ing  the  object  to  be  brought  nearer  to  the  eye,  so  as  to  obtain  a  larger  image  upon  the  retina, 
then  he  should  eitlier  rciiiovc  the  spectacles  altogether  or  use  a  weaker  ]iair. 

The  hjrpermetropic  person  ought  to  wear  his  convex  spectacles  when  looking  at  a  near  object, 
and  especially  when  tlie  illumination  is  feeble,  because  then,  owing  to  the  dilatation  of  the 
pnpil,  the  diffusion  circles  of  the  eye  tend  to  become  very  pronounced.  It  is  advisable  to  wear 
at  first  convex  spectacles,  which  are  slightly  too  strong.  Cylindrical  lenses  are  referred 
to  under  Astixpnatishi.  Spectacles  provided  with  dull-coloured  or  blue  glasses  are  used  to 
protect  the  retina  w-hen  the  light  is  too  intense.  Stenopaic  spectacles  are  narrow  diaphragms 
placed  in  the  front  of  the  eye,  which  cause  it  to  move  in  a  definite  direction  in  order  to  see 
through  the  opening  of  tiie  diaiihragm. 

391.  CHROMATIC  AND  SPHERICAL  ABERRATION,  ASTIGMATISM. 
— Chromatic  Aberration. — All  the  rays  of  vhite  light,  which  undergo  refraction, 
are  at  the  same  time  broken  up  by  dispersion  into  a  bundle  of  rays  which,  when 
they  are  received  on  a  screen,  form  a  spectrum.  This  is  due  to  the  fact  that  the 
different  colours  of  the  spectrum  possess  different  degrees  of  refrangibility.  The 
violet  rays  are  refracted  most  strongly  ;  the  red  rays  least. 

A  white  point  on  a  black  ground  does  not  form  a  sharp  simple  image  on  the  retina,  but  many 
coloured  points  appear  after  each  other.  If  the  eye  is  accommodated  so  strongly  as  to  focus 
the  violet  rays  to  a  sharp  image,  then  all  the  other  colours  must  form  concentric  diffusion 
circles,  which  become  larger  towards  the  red.  In  the  centre  of  all  the  circles,  where  all 
the  colours  of  the  spectram  are  superposed,  a  white  point  is  produced  by  their  mixture, 
while  around  ft  are  placed  the  coloured  circles.  The  distance  of  the  focus  of  the  red  rays 
from  that  of  the  violet  in  the  eye  =  0 '58  to  0*62  mm.  The  focal  distance  for  red  is,  accord- 
ing to  V.  Helmholtz,  for  the  reduced  eye,  20 '524  mm.  ;  for  violet,  20140  mm.  Thus,  the 
near  and  far  points  for  violet  light  arc  nearer  each  other  than  in  the  case  of  red  light  ;  white 
objects,  therefore,  appear  reddish  when  beyond  the  far  point,  but  when  nearer  than  the  near 
point  they  are  violet.  Hence,  the  eye  must  accommodate  more  strongly  for  red  rays  than  for 
violet,  so  that  we  judge  red  objects  to  be  nearer  us  than  violet  objects  placed  at  an  equal 
distance  (Briiclcr). 

Monochromatic,  or  Spherical  Aberration. —Apart  from  the  decomposition  or  dispersion  of 
white  light  into  its  coni])oncnts — the  rays  of  white  light,  proceeding  from  a  point  if  transmitted 
throu^h^refractive  spherical  surfaces — we  find  that,  before  the  rays  arc  again  brought  to  a  focus, 
the  -marginal  rays  are  more  strongly  refracted  than  those  passing  through  the  central  parts  of 
the  lens.  Hence,  there  is  not  one  focus  but  many.  In  the  eye  this  defect  is  naturally  corrected 
by  the  iris,  which,  acting  as  a  diaphragm,  cuts  off  the  marginal  rays  (fig.  531),  especially  when 
the  lens  is  most  convex,  when  the  pupil  also  is  most  contracted.  In  addition,  the  margin  of 
the  lens  has  less  refractive  power  than  the  central  substance  ;  lastly,  the  margins  of  the  refractive 
spherical  surfaces  of  the  eye  are  less  curved  towards  their  margins  than  the  parts  lying  nearer 
to  the  optical  axis.    Compare  the  form  of  the  cornea  (p.  733)  and  the  lens  (p.  740). 

Imperfect  Centring  of  the  Refractive  Surfaces.— The  sharp  projection  of  an  image  is  some- 
what interfered  with  by  the  fact  that  the  refractive  surfaces  are  not  exactly  centred  {JJriicke). 
Thus,  the  vertex  of  the  cornea  is  not  exactly  in  the  termination  of  the  optic  axis  ;  the  vertices 
of  both  surfaces  of  the  lens,  and  even  the  different  layers  of  the  lens  itself,  are  not  exactly  in 
the  optic  axis.  The  variations,  however,  and  the  disturbances  produced  thereby  are  very  small 
indeed. 
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Reeular  Astiffniatism.  — When  the  curvature  of  the  refractive  surfaces  of  the  eye  is  unequally 
-reat  in  its  dillercnt  meridians,  of  course  the  rays  of  light  cannot  be  united  or  focussed  m  one 
point  Generally,  in  such  cases,  the  cornea  is  more  curved  in  its  vertical  meridian  and  least  in 
the  horizontal  (as  is  shown  by  ophthalmometric  measurements,  p.  748).  The  rays  passing 
through  the  vertical  meridian  come  to  a  focus, in  a  horizontal  focal  line;  while  the  rays 
entering'  horizontally  unite  afterwards  in  a  vertical  line.  There  is  thus  no  common  focus  tor 
the  lic'ht  ravs  in  the  eve  ;  hence  the  name  "astigmatism."  The  lens  also  is  unequally  curved 
in  its'ineridians,  but  it  is  the  reverse  of  the  cornea  ;  consequently,  a  part  of  the  inequality  ol 
the  curvature  of  the  cornea  is  thereby  compensated,  and  only  a  part  of  it  attects  the  rays  ot 
lio'ht  The  emmetropic  eye  has  a  very  sUqht  degree  of  this  ineciuality  (normal  astigmatism), 
iftwo  very  fine  lines  of  equal  thickness  be  drawn  on  white  paper,  so  as  to  intersect  each  other 
at  ri<f\\t  angles,  it  will  be  found  that,  in  order  to  see  the  horizontal  line  quite  sharply,  the  paper 
must  be  brought  slightly  nearer  to  the  eye,  than  when  we  focus  the  vertical  line.  \Vheu  the 
inequality  of  curvature  of  the  meridians  is  considerable,  of  course  exact  vision  is  no  longer 
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[Fig.  542  shows  the  effect  of  an  astigmatic  surface  on  the  rays  of  light.  Let  a  c  d  be  such 
a  surface,  and  suppose  diverging  rays  to  proceed  from/.    The  rays  passing  through  c  d  come  to 


Fig.  542. 

Action  of  an  astigmatic  surface  on  a  cone  of  light  (Frost). 

a  focus  at /,,  while  those  passing  through  the  vertical  meridian  are  focussed  at./!,.  The  outline 
of  the  cone  of  rays  between  abed  and /a  varies,  as  shown  in  the  figure.  At  a  certain  part  it 
is  oval,  with  its  axis  vertical,  at  another  the  long  axis  of  the  oval  is  horizontal,  while  at  other 
places  it  is  circular,  or  the  rays  are  focussed  in  a  horizontal  or  vertical  line.] 

Correction. — This  condition  is  corrected  by  a  cylindrical  lens,  i.e.,  a  lens  so  cut  as  to  be 
without  curvature  in  one  direction,  w^hile  in  the  other  direction  (vertical  to  the  former)  it  is 
curved.  The  lens  is  placed  in  front  of  the  eye,  so  that  the  direction  of  its  curvature  coincides 
with  the  direction  of  least  curvature  of  the  eye  {v.  HeJmlioltz,  Knap'p,  Bonders). 
The  section  0  ah  c  d  of  the  cylindrical  lens  (fig.  543)  represents  a  plano-con- 
vex, the  section  C  a  3  7  S,  a  concavo-convex  lens. 

[Test. — Draw  two  lines  of  equal  thickness  at  right  angles  to  each  other.  An 
astigmatic  person  cannot  see  both  lines  with  equal  distinctness  at  the  same 
time,  one  line  will  appear  thicker  than  the  other.  Or,  a  series  of  lines  radiating 
from  a  centre  may  be  used  (astigmatic  clock)  when  that  line  which  is  parallel 
to  the  astigmatic  meridian  will  be  seen  most  distinctly  ;  while,  with  the  ver- 
tical meridian  most  curved,  it  would  be  the  vertical  line.] 

Irregular  Astigmatism. — Owing  to  the  radiate  arrangement  of  the  fibres  in 
the  interior  of  the  crystalline  lens,  and  in  consequence  of  the  unequal  course 
of  the  fibres  within  the  different  parts  of  one  and  the  same  vieridian  of  the  lens, 
the  rays  of  light  passing  through  one  meridian  of  the  lens,  cannot  all  be 
brought  to  one  focus.  Hence,  we  do  not  obtain  a  distinct  sharp  image  of 
distant  luminous  points,  such  as  stars  or  street  lamps,  but  we  see  a  radiate 
jagged  figure  provided  with  rays.  The  same  obtains  on  holding  a  piece  of  card- 
board with  a  small  hole  in  it  tow-ards  the  light,  at  a  distance  from  the  eye 
slightly  greater  than  the  far  point.  vSlight  degrees  of  this  irregular  astigma- 
tism are  normal,  but  when  it  is  highly  developed  it  greatly  interferes  with 
vision,  b}'  forming  several  foci  of  an  object  instead  of  one  (Polyopia  monocu- 
laris).    Of  course  this  condition  cannot  obtain  in  an  eye  devoid  of  a  lens. 

392.  IRIS.— Functions.— 1.  The  iris  acts  like  a  diaphragm  in  an  optical 
apparatus  by  cutting  off  the  marginal  rays,  which,  if  they  entered  the  eye,  would 
cause  spherical  aherratioji,  and  thus  produce  indistinct  vision  (fig.  531). 

2.  As  the  pupil  contracts  strongly  in  a  bright  light,  and  dilates  when  the  light 
is  feeble,  it  regulates  the  amount  of  light  entering  the  eye  ;  thus,  fewer  rays  enter 
the  eye  when  the  light  is  strong  than  when  it  is  feeble. 
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3.  To  a  certain  extent  it  supports  the  action  of  the  ciliary  muscle. 

Muscles  and  Nerves. — The  iris  is  usually  described  as  being  provided  with  two 
sets  of  imiscular  Jihres — the  sphincter,  which  immediately  surrounds  the  pupil  and 
is  supplied  by  the  oculomotorius  (§  345,  2),  and  the  dilator  pupillae  (p.  736), 
suppUed  chiefly  by  the  cervical  sympathetic  (§  356,  A,  1),  and  the  trigeminus 
(§  3-i7,  3).  Both  muscles  stand  in  an  antagonistic  relation  to  each  other  (§  345), 
the  pupil  dilates  moderately  after  section  or  paralysis  of  the  oculomotorius,  owing 
to  the  contraction  of  the  dilator  fibres  which  are  supplied  by  the  cervical  sym- 
pathetic ;  conversely,  the  pupil  contracts  when  the  sympathetic  is  divided  or 
extirpated  {Petit,  1727).  When  both  nerves  are  stimulated  simultaneously,  the 
pupil  contracts,  so  that  the  excitability  of  the  oculomotorius  overcomes  the  sym- 
pathetic. 

[The  existence  of  a  dilator  pupillae  miiscle  is  not  universally  recognised,  and  in  fact  some 
observers  doubt  its  existence.  The  muscular  nature  of  the  radial  fibres  in  the  posterior  limiting 
membrane  of  the  iris  is  denied  by  Griinhagen,  while  Koganei  regards  these  as  in  no  case 
mu.scular,  and  the  dilating  fibres  as  represented  by  fibres  radiating  from  the  iris.  These  fibi-es 
are  well -developed  in  birds  and  the  otter,  exist  in  traces  in  the  rabbit,  and  are  absent  in  man. 
Gaskell  points  out  that  in  this  case  the  size  of  the  pupil  must  in  part  depend  on  the  elasticity 
of  the  radial  fibres  of  the  iris,  while  the  dilator  nerve-fibres  must  act  on  the  sphincter  fibres, 
causing  them  to  relax.  Gaskell  groups  the  sphincter  of  the  iris  with  those  muscles  "supplied 
by  two  nerves  of  opposite  character,  the  one  motor,  the  other  inhibitory."  The  dilatation  of 
the  pupil  caused  by  stimulation  of  the  cervical  sympathetic  is  usually  explained  by  the 
hypothesis  that  this  nerve  contains  motor  fibres,  which  act  on  the  dilator  fibres.  Griinhagen 
thought  that  it  might  be  due  chiefly  to  the  constriction  of  the  blood-vessels  of  the  iris  ; 
Gaskell  suggests  that  the  nerve  acts  on  the  sphincter  muscle,  and  is  the  inhibitory  nerve  of 
that  muscle,  dilatation  taking  place  because  the  sphincter  is  normally  in  a  condition  of  tonic 
contraction,  and  also  because  the  posterior  limiting  membrane  is  elastic] 

Nerves. — Arnstein  and  A.  Meyer  have  studied  the  mode  of  termination  of  the  nerve-fibres  iu 
the  iris.  All  the  medullated  nerve-fibres  lose  their  white  sheaths  after  a  time  ;  most  of  the 
fibres  (motor)  in  the  region  of  the  sphincter  consist  of  naked  bundles  of  fibrils.  A  network  of 
very  delicate  sensory  nerves  lies  under  the  anterior  epithelium.  Numerous  fibrils  pass  to  the 
capillaries  and  arteries  as  vaso-raotor  nerves.  [Many  ganglionic  cells  are  intercalated  iu  the 
course  of  the  fibres.  ] 

Movements  of  the  iris  occur  under  the  following  conditions  : — 

1.  Action  of  light  on  the  retina  causes,  (according  to  its  intensity  and  amount),  a  correspond- 
ing contraction  of  the  pupil ;  the  same  effect  is  produced  by  stimulation  of  the  optic  nerve 
itself  (Herbert  Mayo,  t  1852).  This  movement  is  a  reflex  act,  [the  afferent  nerve  being  the 
optic  and  the  efferent  the  oculomotorius  ;  the  impulse  is  transferred  from  the  former  to  the 
latter  in  a  centre  situated  somewhere  below  the  corpora  quadrigemina  (fig.  544,  C)].  The 
older  observers  locate  the  centre  in  the  corpora  quadrigemina,  the  recent  observers  in  the 
medulla  oblongata  (p.  660).  Both  pupils  always  react,  although  only  one  retina  be  stimulated  ; 
generally  under  normal  circumstances  both  contract  to  the  same  extent  (Bonders),  owing  to 
the  intercentral  communication  [coupling]  of  the  two  pupillo-constricting  centres.  [This  is 
called  consensual  contraction  of  the  pupil.]  After  section  of  the  optic  nerve  the  pupil  dilates, 
and  subsequent  section  of  the  oculomotorius  no  longer  produces  any  further  dilatation 
(Knoll). 

2.  The  centre  for  the  dilator  fibres  of  the  pupil  (pupillo-dilating  centre)  is  excited  by 
dyspnceic  blood  (§  367,  8).  If  the  dyspnoia  ultimately '])asses  into  asphyxia,  the  dilatation  of 
the  pupil  diminishes.  Of  course,  if  the  peripheral  ililating  fibres  (§  247,  3)  [e.g.,  the 
sympathetic  nerve  in  the  neck]  be  previously  divided,  this  effect  cannot  take  place,  as  the 
dyspnceic  blood  acts  on  the  centre  and  not  on  the  nerve-fibres. 

3.  The  centre,  as  well  as  the  subordinate  "  cilio-spinal  region"  of  the  spinal  cord  (§  362,  1), 
is  also  capable  of  being  excited  reflexly  ;  painful  stimulation  of  sensory  nerves,  in  addition  to 
causing  protrusion  of  the  eyeballs  (§  347),  a  fact  proved  in  the  case  of  persons  subjected  to 
torture,  produces  dilatation  of  the  pupils  (Arndt,  Bernard,  Westplml,  Licchsingcr) ;  while  a 
similar  effect  is  caused  by  labour  pains,  a  loud  call  in  the  ear,  stimulation  of  the  nerves  of  the 
sexual  organs,  and  even  by  slight  tactile  impressions  (Fod  and  Schiff).  According  to  Bechterew, 
the  foregoing  results  are  due  to  inhibition  of  the  light-reflex  in  the  sense  expressed  in  §  361,  3. 

4.  The  condition  of  the  blood-vessels  of  the  iris  influences  the  size  of  the  pupil  ;  all  condi- 
tions causing  injection  or  congestion  of  these  vessels  contract  the  pupil,  all  conditions  diminish- 
ing them  dilate  it.  The  pupil,  therefore,  is  contracted  hy  forced  expiration,  which  prevents  the. 
return  of  venous  blood  from  the  head,  momentarily  by  every  pulse-heat,  owing  to  the  diastolic 
filling  of  the  arteries  ;  diminution  of  the  intraocular  pressure,  e.g.,  after  puncture  of  the  anterior 
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chamber  because,  owiug  to  the  diminished  intraocular  pressure,  there  is  less  resistance  to  the 
passaf^e  of  blood  into  the  blood-vessels  of  the  iris  {Eenscn  ami  Folckers) ;  paralysis  of  the  vaso- 
motor fibres  of  the  iris  (§  347,  2).  Conversely,  the  pupil  is  dilated  by  conditions  the  reverse  of 
those  already  mentioned,  and  also  by  stroncj  viuscular  exertion,  wliereby  blood  flows  freel)*  into 
the  dilated  muscular  blood-vessels  ;  also,  when  death  takes  place.  The  condition  of  the  filling 
of  the  blood-vessels  also  explains  the  fact,  that  the  pupil  dilated  with  atropin  becomes  smaller 
when  a  ]>art  of  the  sympathetic  in  the  upper  cervical  ganglion,  carrying  the  vaso-motor  fibres 
of  the  iris,  is  excised  ;  also,  that  after  extirpation  of  this  ganglion,  atropin  always  causes  a  less 
diminution  of  the  pupil  on  this  side.  The  fact  that  when  the  puj)!!  is  alreadj'  dilated  by 
stimulation  of  the  sympathetic,  it  is  further  dilated  by  atropin,  is  due  to  a  diminished  injection 
of  the  blood-vessels  of  the  iris.  If  an  animal  with  its  ])upils  dilated  with  atropin  be  rapidly 
hied,  the  pupils  contract,  owing  to  the  aniemic  stimulation  of  the  origin  of  the  oculomotorius 
{Moriijgia).  The  dilatation  of  the  pupils  observed  in  cases  of  neuralgia  of  the  trigeminus,  is 
])artlv  due  to  the  stimulation  of  the  dilating  fibres,  partly  to  the  stimulation  of  the  vaso-motor 
fibres  of  the  iris  (§  347,  2). 

5.  Contraction  of  the  pupil  occurs  as  an  . associated  movement,  during  accommodation  for  a 
near  object  (p.  752,  5),  and  when  the  eijchaJls  are  rotated  imuards,  which  is  the  case  during 
sleep  (p.  685).  Conversely,  intense  movements  of  the  iris,  caused  by  variations  in  the  bright- 
ness of  dazzling  illumination,  e.g.,  of  the  electric  light,  are  followed  by  disturbing  associated 
jnovements  of  the  ciliary  muscle  {Ljubinsky).  In  certain  movements  discharged  from  the 
medulla  oblongata  (forced  respiration,  chewing,  swallowing,  vomiting),  dilatation  of  the  pupil 
occurs  as  a  kind  of  associated  movement. 

[Argyll  Eobertson  Pupil. — In  this  condition  the  pupil  does  not  contract  to  light,  although 
it  contracts  when  the  eye  is  accommodated  for  a  near  object,  vision  usuallj-  being  normal.  The 

^  lesion  is  situated  in  those  .structures  connecting 

the  afferent  and  efi'erent  fibres  at  their  central 
ends  (at  A  in  fig.  544),  i.e.,  the  connection 
between  the  corpora  quadrigemina  and  the  oculo- 
motorius. It  is  most  frequently  found  in  loco- 
motor ataxia,  although  it  also  occurs  in  progres- 
sive paralysis  of  the  insane.] 

Direct  stimulation  at  the  margin  of  the  cornea 
causes  dilatation  of  the  pupil  {E.  H.  Weber) ;  in 
fact,  direct  stimulation  of  circumscribed  areas  of 
the  margin  of  the  iris  causes  partial  contraction 
of  the  dilator  fibres  {Bernstein  ami  Docjiel). 
Stimulation  near  the  centre  of  the  cornea  con- 
tracts the  pupil  (E.  H.  Weber).  In  addition, 
we  must  assuTue  that  the  iris  itself  contains  ele- 
ments that  influence  the  diameter  of  the  pupil 
{Sig.  Mayer  and.  Pribram). 

Our  knowledge  of  the  action  of  poisons  on  the 
iris  is  still  very  obscure.  Those  substances  which 
dilate  the  pupil  are  called  mydriatics,  e.g., 
atropin,  homatropin,  duboisin,  daturin,  and  hyo- 
scyamin.  They  act  chiefly  by  paralysing  the 
oculomotorius.  But,  in  addition,  there  must  be 
also  an  effect  upon  the  dilating  fibres,  for  after 
complete  paralysis  (section)  of  the  oculomotorius, 
the  moderate  dilatation  of  the  pupil  thereby 
produced  (§  345,  5)  is  still  further  increased  by 
atropin.  Minimal  doses  of  atropin  contract  the 
pupil,  _  owing  to  stimulation  of  the  pupillo- 
constrictor  fibres  ;  enormous  doses  cause  moderate 
dilatation  of  the  pujtil  in  consequence  of  paralysis 
of  the  dilating  as  well  as  of  the 


Fig.  544. 

Scheme  of  the  nerves  of  the  iris.    B,  centrum 
optici ;  C,  oculomotor  centre  :  D,  dilator 
centre  (spinal) ;  E,  iris  ;  G,  optic  nerve  ; 
H,  oculomotor  (sphincter)  roots  ;  I,  sym- 
pathetic (dilator);   K,  L,  anterior  roots;  ,  .  . 
M,  N,  O,  po.sterio;roots;  A,  seat  of  lesion,  ^;^,l"^.{"^f^^^^      "^^'^  f       the  constricting 
causing  pupillary  immobility  ;  *  probable  "^^^'^^^^^^^^     Atropin  acts  after  destruction  ot 
seat  of'lesion,  causing  myosis.                    F^.zf.'fT  ["P  lthalmic]  ganglion  {Hensen  and 
'          "    ^                         Volckers)  [and  division  of  all  the  nerves  except 
the  optic],  and  in  the  excised  eye  {Dc  Ruytcr),  [so  that  atropin  is  a  local  mydriatic. 
In  moderate  doses  it  paralyses  the  nervous  terminations  of  the  3rd  nerve  (but  not  in  birds 
whose  iris  contains  striped  muscle),  and  in  larger  doses  it  also  paralyses  the  muscular  fibres]. 
[Cocaine,  or  cucaine,  is  obtained  from  the  leaves  of  Erythroxylon  coca.    AVhen  applied  locally 
it  acts  as  a  powerful  local  anresthetic,  and  hence  it  is  very  useful  for  operations  abou't 
the  muco-cutaneous  orifices.    A  4  per  cent,  solution  dropped  into  the  eye  produces  complete 
insensibility  of  the  cornea  in  a  few  minutes.    It  causes  dilatation  of  the  pupils,  though  they 

,„.i„4..„„     jj.  ^jj,^  causes  temporary  paralysis  of 


react  to  light  and  to  the  movements 


of  accommodation. 


gokham's  pupil  photometer. 


accommodation,  a  sensation  of  heaviness  and  coldness  of  the  eyeball,  cnlarfjcment  of  the 
palpebral  fissure,  constriction  of  the  small  peripheral  vessels,  and  slight  lachryniation.] 

Myotics  are  those  substances  which  contract  the  pupil  : — Physostigmin  (  =  Eserin,  tlie  alka- 
loid of  Calabar  bean),  nicotin,  pilocarpiu,  muscarin,  morphia,  according  to  some  observers 
{Griinliacicn)  cause  stimulation  of  the  oculomotorius,  while  others  say  they  paralyse  the  sym- 
pathetic. As  these  substances  cause  spasm  of  the  ciliary  muscle,  it  is  supposed  that  the  Hrst  of 
these  has  an  analogous  action  on  the  sphincter.  It  is  probable  that  they  paralyse  the  dilator 
fibres  and  stimulate  the  oculomotor  fibres.  [Amongst  local  myotics,  i.e.,  those  which  act  on 
the  eye,  some  act  on  the  muscular  fibres  of  the  iris,  e.tj.,  physostiginin  or  eserin,  while  others 
act  on  the  peripheral  terminations  of  the  3rd  nerve,  e.g.,  pilocarpiu,  muscarin.  Muscarin  causes 
very  great  contraction  of  the  pupil  from  spasm  of  the  circular  fibres,  due  to  its  action  on  the 
3rd  nerve  ;  eserin,  on  the  other  liand,  although  contracting  tlie  pujiil,  also  affects  the  dilator 
fibres.    The  contraction  of  the  pupil  due  to  opium  is  central  in  its  cause.] 

If  the  one  pupil  be  contracted  or  dilated  by  these  substances,  the  other  pupil,  conversely,  is 
dilated  or  contracted,  owing  to  the  change  in  the  amount  of  light  admitted  into  the  eye  into 
which  the  poison  has  been  introduced.  Tlie  anaesthetics  (ether,  chloroform,  alcohol,  &e.), 
when  they  begin  to  cause  stupor,  contract  tlie  pupil,  and  wlien  their  action  is  intense  they  dilate 
it  {Docjiel).  Chloroform,  during  the  stage  when  it  causes  excitement  (preceding  the  narcosis), 
stimulates  the  centre  for  the  dilatation  of  tlie  pupil;  after  a  time  this  centre  is  paralysed,  so 
that  the  pupil  no  longer  dilates  on  the  application  of  external  stimuli.  Thereafter  the  pupillo- 
constrictor  centre  is  stimulated,  whereby  the  pupil  may  be  contracted  to  the  size  of  a  pin's 
head  ;  ultimatel}'  this  centre  is  paralysed,  and  the  pupil  becomes  dilated. 

Time  for  Movements  of  Iris. — Tlie  reflex  dilatation  of  the  pupil  occurs  slightly  later  than  the 
reflex  contraction,  the  time  in  the  two  cases  being  0*5  and  0'3  second  respectively,  after  stimu- 
lation by  light  (r.  Vintselujau).  A  certain  time  always  elapses,  until  the  iris,  corresponding  to 
tlie  strength  of  the  stimulus  of  light  exciting  the  retina,  "adapts  "  itself  to  produce  a  suitable 
size  of  the  pupil  (Aiibert).  Contraction  of  the  pupil  occurs  very  rapidly  after  stimulation  of  the 
oculomotorius  in  birds;  in  rabbits  0'89  second  elapses  after  stimulation  of  the  sympathetic, 
until  the  dilatation  begins  {Aril). 

Excised  Eye. — Light  causes  contraction  of  the  pupil  in  the  excised  eye  of  amphibians  and 
lishes  {Arnold).  Even  the  iris  of  the  eel,  when  cut  out  and  placed  in  normal  saline  solution, 
contracts  to  light  {Arnold),  the  green  and  blue  rays  being  most  active.  Increase  of  the  tempera- 
ture causes  mydriasis  in  the  excised  eye  of  the  frog  or  eel,  while  cooling  causes  myosis  {H. 
Mailer). 

[Size  of  the  Pupil. — Jonathan  Hutchinson  recommends  a  pupilometer,  consisting  of  a  metal 
plate  perforated  with  a  series  of  holes  of  different  sizes.  The  smallest  hole  measures  about  \  of 
a  line,  and  the  largest  is  \\  lines.  The  plate  is  placed  just  below  the  patient's  eye,  and  the 
hole  is  selected  which  corresponds  with  the  size  of  the  pupil.] 

[Gorham's  Pupil  Photometer. — This  ingenious  instrument  may  be  used  as  a  pupilometer, 
and  also  as  a  photometer.  It  consists  of  a  piece  of  bronzed  tubing  1  "9  in.  long  and  1'5  in. 
diameter  (figs.  54.5  and  546).    One  end  is  closed  by  a  disc  or  cap,  which  is  pierced  in  its  radii  by 


Fig.  545.  Fig.  546. 

Gorham's  pupil  photometer.    Fig.  545  shows  the  disc  with  a  slot  and  two  holes.    Fig.  546 

gives  a  side  view  with  the  diameter  of  the  pupil  marked  on  it.    The  upper  end  is  closed  by 

the  disc,  while  the  lower  end  is  open, 
a  series  of  holes  at  distances  varying  from  '05  in.  to  "28  in.  There  is  a  slot  in  the  cap  which 
allows  one  pair  of  holes  to  be  visible  at  a  time,  while  on  the  cylinder  is  engraved  the  linear 
distance  of  each  pair  of  holes.  In  using  the  instrument  as  a  pupilometer,  look  through  the 
open  end  of  the  tube  (the  bottom  in  fig.  546),  with  both  eyes  open,  towards  a  sheet  of  white 
l)aper  or  the  sky,  when  two  dies  of  light  will  be  seen.  Then  revolve  the  lid  or  cap  slowly  until 
the  two  white  dies  just  touch  one  another  at  their  edges.    The  decimal  fraction  opposite  the  two 
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ano.  tu.vs  seen  0.1  the  scale  outside  indicates  the  diameter  of  the  pupi  111  lOOths  of  an  inch 
Xn  usir^  itasa  Mo^omeicr,  it  is  assumed  that  the  size  of  the  pupil  gives  an  index  of  the 
intPTisitv  ot"the  amount  of  light  which  influences  the  diameter  of  the  pupU.J  •  4-  „f 

W^^^^^^^^^  the  iris  are  always  accompanied  by  vana  10ns  of 

the  hit*°ocular  pressure.  The  muscles  of  the  iris  affect  the  intraocular  pressure  in  that  the 
it  atirof  t  ii  pupil  increases  it,  while  contraction  of  the  pupil  diminishes  it.  Jhe  increased 
m-  d  m  n  shed  tension  can  be  felt  when  two  fingers  are  pressed  on  the^  f  Tl.^,^     A  t?lin 

?he  sympathetic  increases,  while  its  section  diminishes  the  pressure.  Action  of  DrugB.  - Atiopm 
dropped  into  the  eye,  after  producing  a  short  temporary  diminution  of  the  tension^  increases  it , 
eserin,  after  a  primary  increase,  causes  a  diminution  of  the  pressure  {Graser  and  Molzkc). 

393.  ENTOPTICAL  PHENOMENA.— Entoptical  phenomena  depend  upon 
the  perception  of  objects  present  within  the  eyeball  itself. 

1  Shadows  are  formed  upon  the  retina  by  different  opaque  bodies.  In  order  to  see  thejn  in 
one's  own  eye,  proceed  thus  : -By  means  of  a  strong  convex  lens  project  a  small  ima-e  of  a  flame 
upon  a  paper  screen,  prick  a  small  opening  through  the  image  of  the  flame,  and  p  ace  one  eye 
at  the  other  side  of  the  screen,  so  that  the  illuminated  puncture  lies  m  the  anterior  focus  of  the 
eye,  i.e.,  about  13  mm.  in  front  of  the  coinea.  As  the  rays  proceeding  fiom  this  po^*  Pass 
parkllel  through  the  media  of  the  eye,  a  diffuse  bright  field  of  vision,  surrounded  by  the  black 
inarcrins  of  the  iris,  is  obtained.    All  dark  bodies  which  he  in  the  course  of  the  rays  of  light 


Fig.  547. 
Entoptical  Shadows, 

throw  a  shadow  upon  the  retina,  and  appear  as  specks.    There  are  various  forms  of  these  shadows 
(fig.  547)  :— 

(a)  The  spectrum  mucro-lacrimale,  especially  upon  the  margin  of  the  eyelids,  depending 
upon  particles  of  mucus,  fat  globules  from  the  Meibomian  glands,  dust  mixed  with  tears,  causing 
cloudy  or  drop-like  retinal  shadows,  which  are  removed  by  winking. 

(b)  Folds  in  the  cornea. — If  the  cornea  be  pressed  laterally  with  the  finger,  wrinkled  shadows, 
due  to  temporary  wrinkles  in  the  cornea,  are  produced. 

(c)  Lens'  shadows. — Bead-like  or  dark  specks,  bright  and  star-like  figures,  the  former  due  to 
deposits  on  and  in  the  lens,  the  latter  to  the  radiate  structure  of  the  lens. 

(d)  Muscae  volitantes  {Dechales,  1690),  like  strings  of  beads,  circles,  groups  of  balls  or  pale 
stripes,  depend  upon  opaque  particles  (cells,  disintegrating  cells,  granular  fibres)  in  the  vitreous 
humour.  They  move  about  when  the  eye  is  moved  rapidly.  Listing  (1845)  showed  that  one  may 
determine  pretty  accurately  the  position  of  these  objects.  Whilst  making  the  observation  upon 
one's  own  eyes,  raise  or  depress  the  source  of  light ;  those  shadows  which  are  caused  by  bodies 
on  a  level  with  the  pupil  retain  their  relative  positions  in  the  bright  fields  of  vision.  Shadows 
which  appear  to  move  in  the  same  direction  as  the  source  of  light  are  caused  by  bodies  which 
lie  in  front  of  the  plane  of  the  pupil — those,  however,  which  appear  to  move  in  the  opposite 
direction  depend  upon  objects  behind  the  plane  of  the  pupil. 

2.  Purkinje's  figure  (1819)  de])ends  upon  the  blood-vessels  within  the  retina,  which  cast  a 
shadow  upon  the  most  external  layer  of  the  retina,  viz.,  upon  the  rods  and  cones,  these  being 
the  parts  acted  upon  by  light.  In  ordinary  vision  we  do  not  observe  these  shadows.  Accord- 
ing to  V.  Helmholtz,  this  is  due  to  the  fact  that  the  sensibility  of  the  shaded  parts  of  the  retina 
is  greater,  and  their  excitability  is  less  exhausted,  than  all  the  other  parts  of  the  retina.  As 
soon,  however,  as  we  change  the  position  of  the  shadow  of  the  blood-vessels,  instead  of  being 
directly  behind,  so  that  the  blood-vessels  come  to  lie  more  laterally  and  behind  them,  i.e.,  upon 
places  which  do  not  receive  shadows  from  the  blood-vessels  when  the  rays  of  light  pass  through 
the  eye  in  the  ordinary  way,  then  the  figure  of  the  blood-vessels  becomes  apparent  at  once.  All 
that  is  necessary  is  to  cause  the  light  to  enter  the  eyeball  obliquely.  Method. — (1)  This  may 
be  done  by  passing  an  intense  light  through  the  sclerotic,  e.g.,  by  throwing  upon  the  sclerotic 
a  small,  bright,  luminous  image  from  a  source  of  light.    On  moving  the  source  of  light,  the 
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figure  of  the  blood-vessels  moves  in  the  same  direction.  (2)  Look  directly  upwards  to  the  sky, 
wink  with  the  upper  eyelid  drooping,  so  that  for  a  moment,  corresponding  to  the  act  of  winking, 
rays  of  light  enter  obliriuely  the  lowest  part  of  the  pupils.  (3)  Look  through  a  small  aperture 
towards  a  bright  sky,  and  move  the  aperture  rapidly  to  and  fro,  so  that  from  both  sides  of  the 
blood-vessels  shadows  fall  rapidly  upon  the  nearest  series  of  rods  and  cones.  (4)  In  a  darkened 
room  look  straight  ahead,  and  move  a  light  to  and  fro  close  under  the  eyes.  Occasionally, 
whilst  performing  this  experiment,  one  may  see  the  macula  lutea  as  a  uon-vascular  shaded  de- 
pression, and,  owing  to  the  inversion  of  the  objects,  it  lies  on  the  inner  side  of  the  entrance  of 
the  optic  nerve. 

3.  Movements  of  the  blood-corpuscles  in  the  retinal  capillaries. — On  looking,  without 
accommodating  the  eye,  towards  a  large  bright  surface,  or  through  a  dark  blue  glass  towards 
the  sun,  we  see  bright  spots,  like  points,  forming  longer  or  shorter  chains,  moving  in  tortuous 
paths.  The  phenomenon  is,  perhaps,  caused  by  the  red  blood-corpuscles  (in  the  capillaries 
posterior  to  the  external  granular  layer)  acting  as  small  light-collecting  concave  discs,  concen- 
trating the  light  falling  upon  them  from  bright  surfaces,  and  throwing  it  upon  the  rods  of  the 
retina.  Each  corpuscle  must  be  in  a  special  position  ;  should  it  rotate,  the  phenomenon 
disappears.  Vierordt,  who  projected  the  movement  upon  a  screen,  calculated,  from  the 
velocity  of  their  motion,  the  velocity  of  the  blood-stream  in  the  retinal  capillaries  as  equal  to 
0'5  to  075  mm.  in  a  second,  which  corresponds  very  closely  with  the  results  obtained  directlj' 
in  other  capillaries  by  E.  H.  Weber  and  Yolkmann  (§  90,  4).  When  the  carotids  are  com- 
pressed, the  movement  is  slower  on  freeing  them  from  the  compression  ;  during  short  forced 
expirations  the  movement  is  accelerated  {Landois). 

4.  The  entoptical  pulse  (§  79,  2)  depends  upon  the  pulsating  arteries  irritating  mechanically 
the  rods  lying  outside  them. 

5.  Pressure  Phosphenes. — Pressure  applied  to  the  eye  causes  a  series  of  phenomena: — {a) 
Partial  pressure  upon  the  eyeball  causes  the  so-called  illuminated  "  pressure -picture"  or 
flbospliene,  which  was  known  to  Aristotle.  As  the  impression  upon  the  retina  is  referred  to 
something  outside  the  eye,  the  phosphene  is  always  perceived  on  the  side  of  the  field  of  vision 
opposite  to  where  the  pressure  aftects  the  retina,  e.g.,  pressure  upon  the  outer  surface  of  the 
eyeball  causes  the  flash  of  light  to  appear  on  the  inner  side.  If  the  retina  is  not  well  lighted, 
the  phosphene  appears  luminous  ;  if  the  retina  is  well  lighted,  it  aj)pears  as  a  dark  speck, 
within  which  the  visual  jierception  is  momentarily  abolished,  {b)  If  a  uniform  pressure  be 
applied  to  the  eyeball  continuously  from  before  backwards,  as  Purkinje  pointed  out,  after  some 
time  there  appear  in  the  field  of  vision  very  sparkling  variable  figures,  which  perform  a  wonderful 
fantastic  play,  and  often  resemble  the  sparkling  effects  obtained  in  a  kaleidoscope  {v.  Helm- 
holtz),  and  are  probably  comparable  to  the  feeling  of  formication  produced  by  pressure  upon  sen- 
sory nerves  ("sleeping  of  the  limbs"),  (c)  By  applying  equable  and  continued  pressure, 
Steinbach  and  Purkinje  observed  a  network  with  moving  contents  of  a  bluish-silvery  colour, 
which  seemed  to  correspond  to  the  retinal  veins.  Vierordt  and  Laiblin  observed  the  branching 
of  the  blood-vessels  of  the  choroid  as  a  red  network  upon  a  black  ground,  {d)  According  to 
Houdin,  we  may  detect  the  position  of  the  yellow  spot  by  pressure  upon  the  eyeball. 

6.  The  entrance  of  the  optic  nerve  may  be  detected  on  moving  the  eyes  ra^iidly  backwards, 
and  especially  inwards,  as  a  fiery  ring  or  semicircle  about  the  size  of  a  pea.  Probablj',  owing 
to  the  movement  of  the  retina,  the  entrance  of  the  optic  nerve  is  stimulated  mechanically  by 
the  rapid  bending.  Purkinje  and  others  observed  that  the  ring  remained  persistent  on  turning 
the  eye  strongly  inwards.  If  the  retina  be  brightly  illuminated,  the  ring  appears  dark,  and 
when  the  field  of  vision  is  coloured,  the  ring  has  a  different  tint.  If  Purkinje's  figure  be  pro- 
duced at  the  same  time,  one  may  observe  that  the  vascular  trunk  proceeds  from  this  ring — a 
proof  that  the  ring  corresponds  to  the  entrance  of  the  optic  nerve  (Landoin). 

7.  Accommodation  Spot. — On  accommodating  the  eye  strongly  towards  a  white  surface, 
there  appears  in  the  middle  a  small,  bright,  trembling  shimmer,  and  in  its  centre  a  coarse 
brown  speck,  about  the  size  of  a  pea,  is  seen  {Purkinje).  If  pressure  be  applied  externally  to 
the  eyeball,  this  speck  becomes  more  distinct.  After  having  once  observed  the  phenomenon, 
occasionally  on  pressing  laterally  upon  the  opened  eye  we  may  see  it  as  a  bright  speck  in  the 
field  of  vision — another  proof  that  the  intraocular  pressure  is  increased  during  accommodation. 

8.  Mechanical  Optical  Stimulation. — On  dividing  the  optic  nerve  in  man,  as  in  extirpation 
of  the  eyeball,  a  flash  of  light  is  observed  at  the  moment  of  section  by  the  person  operated  on. 
The  section  of  the  nerve-fibres  themselves  is  painless,  but  section  of  the  sheaths  is  i)ainful. 

9.  The  accommodation  phosphene  is  the  occurrence  of  a  fiery  ring  at  the  periphery  of  the 
field  of  vision,  seen  on  suddenly  bringing  the  eyes  to  rest  after  accommodating  for  a  long  time 
in  the  dark  (Purkinje).  The  sudden  tension  of  the  zonule  of  Zinn  resulting  from  the  relaxation 
causes  a  mechanical  stretching  of  the  outermost  part  of  the  margin  of  the  retina,  or  it  may  be  of 
a  part  of  the  retina  behind  this.  Purkinje  observed  the  phenomenon  after  suddenly  relaxing 
the  pressure  on  the  eye. 

10.  Electrical  Phenomena.— Electrical  cun-ents,  when  applied  to  the  eye,  cause  a  strong 
flash  of  light  over  the  whole  field  of  vision.  One  pole  of  the  battery  may  be  placed  on  the 
under  eyelid  and  the  other  on  the  neck.    The  flash  at  closing  [making]  the  current  is  strongest 
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with  an  asceiuliug  current,  that  with  opening  [breaking]  tlie  current  with  a  descending  current. 


nding  _  , 

optic  nerve  appears  light  blue  (r.  Hclmholtz).  If  external  colours  are  looked  at  simultaneously, 
these  colours  blend  to  form  a  violet  or  yellow  with  tlie  colours  looked  at  {Schelske).  During 
the  passage  of  the  ascending  current  we  see  external  objects  indistinctly  and  smaller  when  the 
eyes  are  oi^en  ;  while  with  the  descending  current  they  are  Icmjcr  and  more  distinct  (Riitcr). 
Sometimes  the  position  of  the  macula  lutea  appears  dark  on  a  bright  ground,  or  the  reverse, 
according  to  the  direction  of  the  current.  If  the  current  be  opened  [broken]  the  phenomena 
are  reversed  (§  335),  and  the  eye  soon  returns  to  rest. 

11.  The  yellow  spot  appears  sometimes  as  a  dark  circle  when  there  is  a  uniform  blue  illumi- 
nation. In  a  strong  light  the  position  of  the  yellow  spot  is  surrounded  by  a  bright  area,  twice 
or  thrice  as  large,  called  "Lowe's  ring."  [Clerk-Maxwell's  Experiment. — On  looking  through 
a  solution  of  chrome-alum  in  a  bottle  or  vessel  with  parallel  glass  sides,  we  observe  an  oval 
purplLsh  spot  in  the  greeni.sh  colour  of  the  alum.    This  is  due  to  the  pigment  of  the  yellow  spot.] 

Haidinger's  Brushes. — On  directing  the  eye  towards  a  source  of  polarised  light,  "  Haidinger's 
polarised  brushes  "  appear  at  the  point  of  fixation.  They  are  seen  on  looking  through  a  NicoFs 
prism  at  a  bright  cloud  (v.  HclmhoUz).  They  are  bright  and  bluish  on  a  surface,  bounded  by 
two  neighbouring  hyperbola  on  a  white  field  ;  the  dark  laindle  separating  them  is  smallest  in 
the  centre  and  yellow.  Of  the  various  colours  of  homogeneous  light,  blue  alone  shows  the 
brushes  [Stokes).  According  to  v.  Helmholtz  the  seat  of  the  phenomenon  is  the  yellow  spot, 
and  is  due  to  the  yellow-coloured  elements  of  the  yellow  spot  being  slightly  doubly  refractive, 
while  at  one  part  they  absorb  more,  at  another  less,  of  the  rays  entering  the  eye. 

12.  Lastly,  there  are  the  visual  .sensations  depending  on  internal  causes,  c.jr. ,  increased 
bounding  of  the  blood  through  the  retina,  as  during  violent  coughing,  increa.sed  intraocular 
pressure.  Stimulation  of  the  visual  areas  (§  378,  IV.)  may  produce  spectra,  which  Cardanus 
(1550),  Goethe,  Nicolai,  and  Johannes  Midler  could  produce  voluntarily. 

394.  ILLUMINATION  OF  THE  EYE.— OPHTHALMOSCOPE.— The  light 
which  enters  the  eye  i.s  partly  absorbed  by  the  black  uveal  pigment,  and  partly 
again  reflected  from  the  eye,  and  always  in  the  same  direction  in  which  the  rays 
entered  the  eye.  By  placing  oneself  in  front  of  the  ej'e  of  another  person,  of  course 
the  head,  being  an  opaque  body,  cuts  off  a  large  number  of  rays.    Owing  to  the 

position  of  the  head,  no  rays  of  light  can  enter 
the  eye  ;  and  of  course  none  can  be  reflected 
back  to  the  eye  of  the  observer.  Hence,  the 
eye  of  the  person  being  examined  always  appears 
black,  because  those  rays  which  alone  could  be 
reflected  in  the  direction  of  the  eye  of  the  ob- 


X 
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Arrangement  for  examining  the  eye  of  B.    A,  eye  of  observer  ;  ,>.•,  source  of  light ;  S,  S,  plate 
of  glass  directed  obliquely,  reflecting  light  into  B. 

server  are  cut  ojJ.  As  soon,  however,  as  we  succeed  in  causing  rays  of  light  to 
enter  the  eye  at  the  same  time  and  in  the  same  direction  in  which  we  observe  the 
eye  of  another  person,  the  fundus  of  the  eye  appears  brightly  illuminated. 

The  following  simple  arrangement  is  sufficient  for  the  purposes  (fig.  548)  :— Let  B  be  the  eye 
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of  the  patient,  A  that  of  the  observer,  and  let  a  flame  be  placed  at  x.  The  rays  of  light  pro- 
ceeding from  X  impinge  upon  the  obliquely  placed  plate  of  glass  (S,S),  and  are  reflected  in  the 
direction  of  the  dotted  lines  into  the  eye  (B).  The  fundus  of  the  eye  appears  iu  this  position 
to  be  brightly  illuminated  in  diftusion  circles  around  l>.    As  the  observer  (A)  can  see  through 


Fig. 


549. 


the  obliquely  placed  glass  plate  (S,  S),  and  in  the  same  direction  as  the  reflected  rays  {x,  y),  he 
sees  the  retina  around  b  brightly  illuminated. 

In  order  that  this  method  be  made  available  for  practical  purposes,  we  must,  of  course,  be 
able  to  distinguish  the  details,  such  as  the  blood-vessels  of  the  fundus  of  the  eye,  the  macula 


Fig.  550. 

lutea,  the  entrance  of  the  optic  nerve,  abnormalities  of  the  retina,  and  the  choroidal  pigment, 
&c.  The  following  considerations  show  us  how  to  proceed  in  order  to  accomplisli  this.  As 
already  mentioned,  and  as  fig.  531  shows,  a  small  inverted  image  is  formed  on  the  retina  (c,  d) 
when  we  look  at  an  object  (A,  B)  ;  conversely,  according  to  the  same  dioptric  law,  an  enlarged 
inverted  real  image  of  a  small  distinct  area  of  the  retina  (c,  d — depending  on  the  distance  for 
which  the  eye  was  accommodated)  must  be  formed  outside  the  eye  (A,  B). 


Fig.  551. 

If  the  fundus  of  this  eye  be  sufficiently  illuminated,  this  aerial  image  will  be  correspondingly 
bright. 

In  order  to  see  the  individual  parts  of  the  retinal  picture  more  distinctly,  the  observer  must 
accommodate  his  own  eye  for  the  position  of  this  image.  In  such  circumstances  the  eye  of  the 
observer  would  be  too  near  the  observed  eye.    His  eye  when  so  accommodated  is  removed  from 
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the  eye  of  the  patient  by  his  own  visual  distance,  and  by  the  visual  distance  of  tlie  patient.  As 
this  distance  is  considerable,  the  individual  small  details  of  the  fundus  cannot  be  seen  distinctly. 
Furtlier,  owing  to  the  contraction  of  the  pupil  of  the  patient,  only  a  small  area  of  the  fundus 
can  be  seen,  and  this  only  under  a  small  visual  angle,  (piite  apart  from  the  fact  that  it  is  often 
impossible  to  accommodate  for  the  real  image  of  the  fundus  of  the  patient. 

Hence,  the  eye  of  the  observer  must  be  brought  nearer  to  the  eye  of  the  patient.  This  may 
be  done  in  two  ways  : — ■(!)  Either  by  placing  in  front  of  the  eye  of  the  patient  a  strong  convex 
lens  (of  1  to  3  inches  focus — fig.  549,  C).  This  causes  the  retinal  image  to  be  nearer  to  the  eye 
(at  B),  owing  to  the  strong  lens  refracting  the  rays  of  light.  The  observer  (M)  can  come  nearer 
to  the  eye,  and  can  still  accommodate  for  the  image  of  the  fundus  of  the  eye.  (2)  Or  a  concave 
lens  is  placed  innnediately  in  front  of  the  eye  of  the  patient  (fig.  550,  o).  The  rays  of  light 
emerging  from  the  eye  of  the  patient  (P)  are  either  made  parallel  by  the  concave  lens  (o),  and 
are  brought  to  a  focus  on  the  retina  of  the  emmetropic  observer  (A) ;  or,  if  the  lens  causes  the 
rays  to  diverge  (fig.  551),  an  erect,  virtual  image  is  formed  at  a  distance  behind  the  eye  of  the 
patient  (at  R).    In  these  cases,  also,  the  observer  can  go  much  nearer  to  the  eye  of  the  patient. 

The  ophthalmoscope  invented  by  v.  Helmholtz  enables  us  to  examine  the  whole 
of  the  fundus  of  the  eye. 

[Direct  Method. — Use  a  concave  mirror  of  20  centimetres  focal  distance,  with  a  central  open- 
ing.   Reflect  a  beam  of  light  into  the  patient's  eye,  where  the  rays  cross  in  the  vitreous  and 


Fig-  552.  Pig 
Fig.  552.— The  enti-ance  of  the  optic  nerve  with  the  adjacent  parts  of  the  fundus  of  the  normal 
eye.    «,  ring  of  connective-tissue  ;  h,  choroidal  ring  ;  c,  arteries  ;  d,  veins  ;  g,  division  of 
the  central  artery;  h,  division  of  the  central  vein  ;  L,  lamina  cribrosa  ;  L  temporal  (outer) 
.side       nasal  (inner)  side,    i  ig.  553.— Morton's  ophthalmoscope. 

illuminate  the  fundus  of  the  eye  These  rays  again  pass  out  of  the  eye  and  reach  the  observer's 
eye  through  the  central  hole  in  the  mirror.  If  the  observer  be  emmetroinc  they  come  to  a  focus 
on  his  retina  In  this  way  all  the  parts  of  the  retina  are  seen  in  their  normal  position,  but 
enlarged.  Hence,  it  is  sometimes  called  the  examination  of  the  upright  image  The  eve  of 
the  patient  and  observer  must  be  at  rest,  i.e.,  be  negatively  accommodated,  while  the  mirror 
must  be  brought  as  near  as  possible  to  the  eye  of  the  patient  ] 

[Indirect  Method,  by  whicli  a  more  general  view  of  the  fundus  is  obtained.  Throw  the  li-ht 
into  the  patient  s  eye  by  an  ophthalmoscopic  mirror  as  above,  but  held  at  a  distance  of  about''50 
cm  (10  inches)  from  the  patient  s  eye.  Hold  a  biconvex  lens  of  14  dioptrics  focal  length 
vertical  y  between  the  mirror  and  the  patient's  eye  (fig.  549),  the  observer  looking  through  the 
hole  of  the  mirror.  ^^  hat  he  does  see  is  an  inverted  aerial  image  at  B.  Only  a  small  part  of 
the  fundus  oculi  can  be  seen  at  one  time.]  i  i-c^  t 

[The  ophtlialmoscope,  besides  being  used  for  examining  the  interior  of  the  eyeball  is  of  the 
utmost  use  in  determining  the  existence  and  amount  of  anomalies  of  refraction  in  the  refrac 
tive  media.    For  this  purpose  an  ophthalmoscope  requires  to  be  provided  with  plus  and  minus 
lenses,  which  can  be  readily  brought  before  the  eye  of  the  observer.    This  is  i-eadily  do l  e  W 
an  ingenious  mechanism  devised  by  Couper,  and  made  use  of  in  the  handy  students' ophthat 

Ihe  lenses  are  moved  by  a  driving-wheel  on  the  left  fi^rure 


moscope  of  Morton  (fig.  553). 
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while  at  the  same  time  is  indicated  at  a  certain  aperture  the  lens  presented  at  the  sight  hole. 
The  instrument  is  also  provided  with  a  movable  arrangement  carrying  a  concave  mirror  at 
either  end.  One  of  these  mirrors  is  10  inches  in  focus,  and  is  used  for  indirect  examination 
and  retinoscopy,  while  the  other  is  of  3  inches  focus  for  direct  examination,  and  is  fixed  at  an 

angle  of  25°.]  p  r  1  f  • 

[Retinoscopy.— The  ophthalmoscope  is  used  also  for  this  purpose.  A  beam  ol  iignt  is 
reflected  into  the  eye  by  the  ophthalmoscopic  mirror,  and  the  play  of  light  and  shade  on  the 
fundus  oculi  observed.  A  study  of  this  is  important  in  determining  anomalies  of  retraction. 
For  the  method,  the  student  is  referred  to  a  text-book  on  "Diseases  of  the  Eye.'  ] 

[Artificial  Eye.— The  student  may  practise  the  use  of  the  ophthalmoscope  on  an  artihcial 
eve,  such  as  that  of  Frost  (tig.  554)  or  Periin.]  tt  ,   ,  1         i  i 

"  Illumination.— In  order  to  illuminate  the  interior  of  the  eye,  v.  Helmholtz  used  several 
plates  of  glass,  placed  behind  each  other,  in  the  position  of  S,  S,  in  tig.  548.  Afterwards  lie 
used  a  plane  or  concave  mirror  of  7  inches  focus  (tig.  549),  with  a  hole  in  the  centre.  J^ig.  j52 
shows  the  appearance  of  the  fundus  of  the  eye,  as  seen  with  the  ophthalmoscope.  In  albinos 
the  fundus  of  the  eye  appears  red,  because  light  passes  into  the  eye  through  the  sclerotic  and 


Fig.  554. 
Frost's  artificial  eye. 


Fig.  555. 
Action  of  the  orthoscope, 
uvea,  which  are  devoid  of  pigment.    If  a  diaphragm  be  placed  over  tlie  eye,  so  that  the  pupil 
alone  is  free,  the  eye  appears  black  [Bonders). 

Tapetum.— In  many  animals  the  eyes  have  a  bright  green  lustre.  These  eyes  have  a  special 
layer  the  tapetum,  or  the  membrana  versicolor  of  Fielding  ;  in  carnivora  it  consists  of  cells, 
in  he'rbivora  of  fibres,  placed  between  the  capillaries  of  the  choroid  and  the  stroma  of  the  uvea. 
These  structures  exhibit  interference-colours  and  reflect  much  light,  so  that  the  coloured  lustre 

appears  in  the  eye.  .     .  i.   •      i     1  a 

Oblique  illumination  is  used  with  advantage  for  investigating  the  anterior  clianibcr.  A 
bri'^ht  beam  of  light,  condensed  by  a  convex  lens,  is  thrown  lateralli/  upon  the  cornea  into  the 
eve°  and  so  directed  upon  the  point  to  be  investigated  as  to  illuminate  it.  A  point  so  illumi- 
nated, e.g.,  a.  part  of  the  iris,  may  be  examined  from  a  distance  by  means  of  a  lens,  or  even  by 

a  microscope  {Liehreich).  .      ,  .  ,   ^1  ■     ^      ^  ^ 

The  Orthoscope.— Czermak  constracted  this  instrument,  in  which  the  eye  is  placed  under 
water  (f^/  555)-  It  consists  of  a  small  glass  trough  with  one  of  its  walls  removed.  The 
mar^rins  of  the  open  side  are  pressed  tirmly  against  the  region  of  the  eye.  The  eye  and  its  sur- 
roundings form,  as  it  were,  the  sixth  side  of  the  trough,  which  is  tilled  with  water,  so  that  the 
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cornea  is  bathed  therewitli.  As  the  refractive  index  of  water  is  almost  the  same  as  the  refrac- 
tive index  of  tlie  media  of  the  eye,  the  rays  of  light  pass  into  the  eye  in  a  straight  direction 
without  being  refracted.  Hence,  objects  in  the  anterior  chamber  can  be  seen  directly,  as  it 
they  were  not°within  the  eye  at  all.  Another  advantage  is  that  the  objects  can  be  brought 
nearer  to  the  eye  of  the  observer.  The  rays  of  light  emerging  from  the  point  (a)  of  the  fundus, 
if  the  eye  were  surrounded  by  air,  would  leave  the  eye  as  the  parallel  lines,  b,  c,  h,  c.  Under 
water,  these  rays,  a,  b,  continue  in  the  direction  a,  b,  as  far  as  b,  d,  where  they  emerge  from 
the  water,  and  are  bent  from  the  perpendicular  to  d,  e,  d,  e.  The  eye  of  the  observer,  looking 
in  the  direction  c,  d,  sees  the  point,  a,  nearer,  viz.,  in  the  direction  e,  d,  a',  lying  at  a. 

395.  ACTIVITY  OF  THE  RETINA  IN  VISION.— I.  Blind  Spot— The 
rods  and  cones  alone  are  the  parts  of  the  retina  sensitive  to  light,  they  alone  are 
excited  by  the  vibrations  of  the  ether.  This  is  confirnied  by  Marietta's  experiment 
(1688),  which  proves  that  the  entrance  of  the  optic  nerve,  where  rods  and  cones 
are  absent,  is  devoid  of  visual  sensibility.    Hence  it  is  spoken  of  as  the  "  blind 

[Mariotte's  Experiment. — Make  two  marks,  about  3  inches  apart,  upon  paper 
(fig.  556).  Look  at  the  cross  with  the  right  eye,  keeping  the  left  eye  closed,  and 
hold  the  paper  about  a  foot  from  the  eye,  when  both  the  cross  and  the  circle  will 


Fig.  556. 

be  seen.  Gradually  approximate  the  paper  to  the  eye,  keeping  the  open  eye 
steadily  fixed  on  the  cross  ;  at  a  certain  moment  the  circle  will  disappear,  and  on 
bringing  the  paper  nearer  to  the  eye  it  will  reappear.  The  moment  when  the  circle 
disappears  is  when  its  image  falls  upon  the  entrance  of  the  optic  nerve.] 

Position  and  Size. — The  entrance  of  the  optic  nerve  lies  about  3*5  mm.  internal  to  tlie 
visual  axis  of  the  eyeball,  in  the  retina.  Its  diameter  is  1  "8  mm.  The  apparent  diameter  of 
the  blind  spot  in  the  field  of  vision  is  in  a  horizontal  direction  6°  56' — this  lies  12°  35'  to 
18°  55'  horizontally  from  the  fixed  point.  Eleven  full  moons  placed  side  by  side  would  dis- 
appear on  the  surface,  and  so  would  a  human  face  at  a  distance  of  over  2  metres. 

Proofs. — The  following  facts  prove  that  the  entrance  of  the  optic  nerve  is  insensible  to 
light: — (1)  Bonders  projected,  by  means  of  a  mirror,  the  small  image  of  a  flame  upon  the 
entrance  of  the  optic  nerve  of  another  person,  and  the  person  had  no  sensation  of  light.  But 
a  sensation  of  light  was  experienced,  when  the  image  of  the  flame  was  projected  upon  the 
neighbouring  parts  of  the  retina.  (2)  On  combining  with  Mariotte's  experiment  the  experiment 
which  causes  entoptical  phenomena  at  the  entrance  of  the  optic  nerve,  this  coincides  with  the 
blind  spot  (i^  393,  6  and  7). 

Form  of  Blind  Spot. — In  order  to  determine  the  form  and  apparent  size  of  the  blind  spot  in 
one's  own  eye,  fix  the  head  at  about  25  centimetres  from  a  surface  of  white  paper  ;  select  a 
small  point  on  the  latter  and  keep  the  eye  directed  towards  it ;  then,  starting  from  the 
position  of  the  blind  spot,  move  a  white  feather  in  all  directions  over  the  paper  ;  whenever  the 
tin  of  the  feather  becomes  visible,  make  a  mark  at  this  spot.  The  blind  spot  may  be  mapped 
out  in  this  way.  It  has  an  irregular,  elliptical  form  from  which  processes  proceed,  due  to  the 
equally  non-sensitive  origins  of  the  large  blood-vessels  of  the  retina  {Httcck).  (Mariotte 
concluded  from  his  experiment  that  the  choroid,  which  is  perforated  by  the  optic  nerve,  is  the 
membrane  sensitive  to  light,  as  the  nerves  are  nowhere  absent  from  the  retina.) 

The  blind  spot  causes  no  appreciable  gap  in  the  field  of  vision. — As  this  area  is  not  excited 
by  light,  a  black  spot  cannot  appear  in  the  field  of  vision,  for  the  sensation  of  black  implies 
the  presence  of  retinal  elements,  which,  however,  are  absent  from  the  blind  spot.  The 
circumstance,  however,  that  in  spite  of  the  existence  of  an  inexcitable  spot  during  vision,  no 
part  of  the  field  of  vision  appears  to  be  unocciqricd,  is  due  to  a  psychical  action.  The 
unoccupied  area  of  the  field  of  vision,  corresponding  to  the  blind  sjjot,  is' filled  in  according  to 
probability  by  a  psychical  process  [E.  H.  Weber).  Hence,  when  a  white  point  disappears 
from  a  black  surface,  the  whole  surface  appears  to  us  black  ;  a  white  surface,  from  which  a 
black  point  falls  on  the  blind  spot,  appears  quite  white  ;  a  page  of  print,  grey  throughout,  &c. 
According  to  the  probabilities,  certain  parts  are  supplied— parts  of  a  circle,  the  middle  parts  of 
a  long  line,  the  central  part  of  a  cross.    Such  images,  however,  as  cannot  be  constructed 


IMAGES  FALLING  ON  THE  KODS  AND  CONES. 


769 


according  to  the  probabilities,  are  not  perfected,  c.r/.,  the  end  of  a  line  or  a  human  face.  In 
other  cases  the  condition  known  as  ''contraction"  of  the  field  of  vision  tends  to  fill  up  the  gaj). 
This  will  be  evident  on  looking  at  the  nine  adjoining  letters,  so  that 
c  disappears  ;  wo  no  longer  see  the  three  letters  on  each  side  of  it  in 
straight  lines,  but  h,  f,  h,  d  are  turned  in  towards  c.  The  adjoining  3j 
l)arts  of  the  field  of  vision  seem  to  extend  over  and  around  the  Idind 
spot,  and  thus  help  to  compensate  for  the  blind  sjiot. 

II.  Optic  Fibres  Inexcitable  to  Light.— The  layer  of  the  (J 
jihreis  of  the  optic  nerve  in  tlie  retina  is  nut  sensitive  to  Ivjht. 
This  is  proved  by  the  fact  that,  in  the  fovea  centralis,  which 
is  the  area  of  most  acute  vision,  there  are  no  nerve-fibre.s.  O* 
Further,  Purkinje's  figure  jjroves  that,  as  the  arteries  of  the  ° 
retina  lie  behind  the  optic  fibres,  the  latter  cannot  be  concerned  in  the  perception 
of  tlie  former. 

III.  Rods  and  Cones. — The  outer  segments  of  the  rods  and  cones  have  rounded 
outlines,  and  are  packed  close  together  ;  but  natural  spaces  must  exist  between 
them,  corresponding  to  the  spaces  that  must  exist  between  groups  of  bodies  with  a 
circular  outline.  These  parts  are  insensible  to  light,  so  that  a  retinal  image  is  com- 
posed like  a  mosaic  of  round  stones.  The  diameter  of  a  cone  in  the  yellow  spot  is 
2  to  2'5  /i.  (J/.  Schultze).  If  two  images  of  two  small  points,  placed  very  near  each 
other,  fall  upon  the  retina,  they  will  still  be  distinguished  as  distinct  images,  pro- 
vided that  both  images  fall  upon  two  different  cones.  The  two  images  on  the 
retina  need  only  be  .'}--l:-5*4  /x  apart,  in  order  that  each  may  be  seen  separately, 
for  then  the  images  still  fall  upon  tvjo  adjoining  cones.  If  the  distance  be  dimin- 
ished so  very  much  that  both  images  fall  upon  one  cone,  or  one  upon  one  cone  and 
the  other  upon  the  intermediate  or  cement  substance,  then  only  one  image  is  per- 
ceived. The  images  must  be  further  apart  in  the  peripheral  portion  of  the  retina 
in  order  that  they  may  be  separately  distinguished. 

As  the  rounded  end-surfaces  of  the  cones  do  not  lie  exactly  under  eacli  other,  but  are  so 
arranged  that  one  series  of  circles  is  adapted  to  the  interstices  of  the  following  series,  this 
«xi)lains  why  fine  dark  lines  lying  near  each  other  appear  to  have  alternating  twists  upon  them, 
as  the  images  of  these  must  fall  U[)0n  the  cones,  at  one  time  to  the  right,  at  another  to  the 
left. 

IV.  The  fovea  centralis  is  the  region  of  most  acute  vision,  where  only  cones  are 
present,  and  where  they  are  very  numerous  and  closely  packed  (fig.  521).  The 
cones  are  less  numerous  in  the  peripheral  areas  of  the  retina,  and  consequently  vision 
is  much  less  acute  in  these  regions.  We  may  therefore  conclude  that  the  cones  are 
more  important  for  vision  than  the  rods.  When  we  wish  to  see  an  object  distinctly, 
we  involuntarily  turn  our  eyes  so  that  the  retinal  image  falls  upon  the  fovea 
centralis.  In  doing  this,  we  are  said  to  ^\fix  "  our  eyes  upon  an  object.  The  line 
drawn  from  the  fovea  to  the  object  is  called  the  axis  of  vision  (fig.  557,  S  r).  It 
forms  an  angle  of  only  '^'b-l"  with  the  optical  (i.ris"  (0  A),  which  unites  the 
centres  of  the  spherical  surfaces  of  the  refractive  media  of  the  eye.  The  point  of 
intersection,  of  course,  lies  in  the  nodal  point  (K/i)  of  the  lens  (p.  770).  The  term 
"  direct  vision  "  is  applied  to  vision  when  the  direction  of  the  axis  of  vision  is  in 
line  with  the  object,  [i.e.,  when  the  image  of  the  object  falls  directly  on  the  fovea 
centralis.] 

"  Indirect  vision  "  occurs  when  the  rays  of  light  from  an  object  fall  upon  the 
peripheral  parts  of  the  retina.    Indirect  vision  is  much  less  acute  than  the  direct. 

To  test  the  acuity  of  direct  vision,  draw  two  fine  parallel  lines  close  to  each  other,  and 
"radually  remove  them  more  and  more  from  the  eye,  until  both  apjiear  almost  to  unite  and 
form  one  line.  The  size  of  tlie  retinal  image  may  be  a-scertained  by  determining  the  distance 
of  the  two  lines  from  each  other,  and  the  distance  of  the  lines  from  the  eye,  or,  from  the  cor- 
)  es])onding  visual  angle,  which  is  generally  from  60  to  90  seconds. 

Perimetry. — In  order  to  test  indirect  vision,  we  may  use  the  perimeter  of  Aubert  and 
Fi3rster.  TJic  eye  is  placed  opposite  a  hxed  point,  from  which  a  semiciicle  proceeds,  so  that 
the  eye  lies  iu  the  centre  of  it.    As  the  semicircle  rotates  round  the  fixed  point,  on  rotating  the 
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m'haedy's  perimeter. 


Proceeding'  from  the  iixed  point,  objects  are  placed  upon  semicircles,  auu  aiu  ^^.c.^^<^..j 
moTau^mortowards  tliJ  peripheiy  of  the  Held  of  vision,  until  f^^-^^^^r^^^T^ 
and  hnully  disappears.    The  process  of  testing  is  continued  by  placing  the  aic  successivti) 
the  (lifVerent  meridians  of  the  iield  of  vision.  .       „  ,  ■  ^  t. 

rM-HaX's  peiimeter  is  a  very  convenient  form  (tig.  558).  It  consists  of  two  uprights  (C 
and  D)  which  are  fixed  to  tlie  opposite  ends  of  a  flat  l)asal  plate  (A).  C  carries  an  arrangement 
for  supporting  the  patient's  head,  while  D  carries  the  automatic  arrangement  for  the  perimetric 


Fig.  557. 

Horizontal  section  of  the  right  eye.  a,  cornea  ;  b,  conjunctiva  ;  c,  sclerotic  ;  d,  anterior 
chamber  containing  the  aqueous  humour  ;  c,  iris  ;  / /',  pupil ;  g,  posterior  chamber ;  I, 
Petit's  canal ;  j,  ciliary  muscle ;  k,  corueo-scleral  limit ;  i,  canal  of  Schlemm  ;  m,  choroid ; 
71,  retina  ;  o,  vitreous  humour  ;  No,  optic  nerve  ;  q,  nerve-sheaths  ;  nerve-fibres  ;  Ic, 
lamina  cribrosa.  The  line  0  A  indicates  the  optic  axis  ;  S  r  the  axis  of  vision  ;  r,  the 
position  of  the  fovea  centralis. 

record.  Both  of  these  can  be  raised  or  depressed  by  the  screws  (G  and  h).  The  patient's  chin 
rests  on  the  chin-rest  (E),  while  in  the  mouth  is  placed  Landolt's  biting  lixatiou  (L),  which  is 
detachable.  The  position  of  the  head  can  be  altered  by  sliding  F  on  L,  which  can  be  fixed  iii 
any  position  by  the  screw  (0).  The  porcelain  button  (I)  just  below  the  patient's  eye  (?)  is  con- 
nected with  the  adjustment  of  the  "fixation  point."  The  automatic  recording  apparatus 
consists  of  a  revolving  quadrant  (7t,  li),  which  describes  a  hemisphere  round  a  horizontal  axis 
passing  through  the  centre  of  the  hollow  male  axle,  turning  in  the  female  end  of  a,  which  is 
supported  by  D.  The  quadrant  can  be  fixed  at  any  point  by  g.  On  the  front  concave  surface 
of  the  quadrant  is  fixed  a  circular  white  piece  of  ivory,  representing  the  "  fixation  point,"  from 
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which  a  needle  projects,  and  which  is  the  zero  of  the  instrument.  A  carriage  (j),  in  which  the 
test  objects  are  phiced,  can  be  moved  in  the  concave  face  of  the  (juadrant  by  means  of  the  milled 
head  {j),  which  moves  the  carriage  by  means  of  a  tooth  and  pinion  wheel.] 

[When  the  milled  head  (J)  is  turned,  it  moves  the  carriage  and  two  slides  (k  and  /),  the  two 
slides  moving  in  the  ratio  of  2  to  1.  The  rate  of  the  carriage  is  so  adjusted  that  it  travels  ten 
times  faster  than  /,  and  five  times  faster  than  Jc.  The  pointer  is  connected  with  these  slides, 
so  that  it  moves  when  they  move,  and  records  its  movements  by  piercing  the  record  chart, 
which  is  fixed  in  the  double-faced  frame  {c).  The  frame  for  the  record  chart  is  hinged  near  c 
to  the  upright  (D).  The  frame,  when  npright,  comes  so  near  the  ])ointer  that  the  latter  can 
pierce  a  chart  placed  in  the  frame.  The  patient  is  directed  to  look  at  the  "fixation  point," 
which  is  merely  a  small  ivory  button  placed  in  the  imaginary  axis  of  the  hemisphere  on  the 


Fig.  558. 


JI 'Hardy's  perimeter.  I,  porcelain  button  ;  M,  bit;  E,  for  fixing  the  head  ;  (j,  h,  quadrant  ; 
0,  fixation  point ;  p,  pointer  for  piercing  the  record  chart  held  in  the  frame  (e)  which  moves 
on  c  ;  D,  upright  supporting  the  quadrant  and  the  automatic  arrangement  of  slides  {k  and 
I),  which  are  moved  by^. 

front  of  the  centre  of  the  concave  surface  of  the  quadrant ;  the  projecting  needle-point  (0)  indi- 
cates its  position.  This  is  the  zero  of  the  quadrant,  and  on  each  side  of  it  the  quadrant  is 
divided  into  90°.] 

[In  testing  the  field  of  vision,  place  the  carriage  so  as  to  cover  zero,  adjust  the  eye  for  the 
fixation  point,  and  look  steadily  at  it,  when,  if  all  is  right,  the  pointer  (p)  ought  to  pierce  the 
centre  of  the  chart.  Move  the  carriage  along  the  quadrant  hy  j  until  it  disappears  from  the 
field  of  vision,  and  when  it  does  so  the  pointer  is  made  to  pierce  the  chart.  Make  another 
observation  in  another  direction  by  altering  the  position  of  the  quadrant,  and  go  on  doing  so 
until  a  complete  record  is  obtained  of  the  field  of  vision.  Test  the  other  eye  in  the  same  way. 
The  colour-field  may  be  tested  by  using  coloured  papers  in  the  carnage.] 

[Priestley  Smith's  perimeter  (fig.  i'j59). — The  wooden  knob  on  the  left  of  the  figure  is  placed 
under  the  eye  of  the  patient,  who  stares  at  the  fixed  point  in  the  axis  of  the  quadrant,  which 
can  be  moved  in  any  meridian.  The  test  object  is  a  square  piece  of  white  paper,  which  is  moved 
along  the  quadrant.  The  chart  is  placed  on  the  posterior  surface  of  the  hand-wheel  and  moves 
with"it,  so  that  the  meridians  of  the  chart  move  with  the  quadrant.  There  is  a  scale  behind 
the  hand-wheel  corresponding  with  the  circles  on  the  chart,  so  that  the  observer  can  prick  off 
his  observations  directly.] 
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[Scotoma  is  the  term  applied  to  dimness  or  blindness  in  certain  parts  of  the  field  of  vision, 

which  may  be  central,  marginal,  or  in  patches.  ] 
The  capacity  for  distinguishing  colours  di- 
minishes nioic  rapidly  at  the  perijihery  of  the 
retina,  than  that  for  distinguishing  differences  in 
the  brightness  or  intensity  of  light.  In  fact,  the 
periphery  of  the  retina  is  slightly  red  blind. 
The  diminution  is  greater  in  the  vertical  meridian 
of  tlie  eye  than  in  the  horizontal,  and  it  dimin- 
ishes with  the  distance  from  the  fixation  point 
{Aubert  and  Forster).  These  observers  also 
state  that,  during  accommodation  for  a  distant 
object,  the  diminution  of  the  capacity  to  distin- 
guish brightness  and  colour  towards  the  peri- 
phery of  the  lens,  occurs  more  rapidly  than  with 
near  vision.  The  excitability  of  the  retina  for 
colours  and  brightness  is  greater  at  a  point 
eipially  distant  from  the  fovea  centralis  on  the 
temjioral  than  on  the  nasal  side  of  the  eye 
{Sc?i67i). 

Perimetric  Chart.  —If  the  arc  of  the  perimeter 
(tig.  559)  be  divided  into  90  degrees,  beginning  at 
the  fixation  point  (central  point),  and  proceeding 
to  L  and  M  (fig.  560) ;  and  if  a  series  of  con- 
centric circles  be  inscribed  on  this,  with  the 
point  of  fixation  as  their  centre,  we  can  con- 
struct a  topographical  chart  of  the  visual  capa- 
city of  the  normal  or  healthy  eye  from  the  data 
obtained  by  the  examination  of  the  retina. 
Fig.  560  is  an  example ;  the  thick  lines  indi- 
The  continuous  line  indicates 


Fig.  559. 


-Priestley  Smith's  perimeter, 
•ate  a  diseased  eye  the  corresponding  thin  lines  a  healthy  eye, 


Fig.  560. 

Perimetric  chart  of  a  healthy  and  a  diseased  eye. 
the  limits  for  llie  perception  of  white ;  the  interrupted  line  that  for  blue ;  the  punctuated  and 
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interrupted  line  that  for  red  ;  m  is  the  blind  spot.  In  the  normal  eye  the  limits  for  the  perception 
of  colours  are  as  under: — 


White. 

Blue. 

Red. 

Green. 

Externally,  ...... 

70°-88" 

65" 

60" 

40° 

Internally,  

50°-60° 

60" 

50" 

40" 

Upwards,  ....... 

45" 

40" 

30"-35" 

Downwards,  ...... 

60" 

50" 

35" 

V.  Specific  Energy. — The  rods  and  cones  alone  are  endowed  with  what  Johannes 
Miiller  called  ''specific  energy"  i.e.,  they  alone  are  set  into  activity  by  the  ethereal 
vibrations,  to  produce  those  impulses  which  result  in  vision.  Mechanical  and 
electrical  stimuli,  however,  when  applied  to  any  part  of  the  course  of  the  nervous 
apparatus,  produce  visual  phenomena.  Mechanical  stimuli  are  more  intense  stimuli 
than  light  rays,  as  is  shown  by  performing  the  dark  pressure  figure  with  the  eyes 
open  (§  393,  5,  a),  whereby  the  circulation  in  the  retina  is  interfered  with  ;  in  the 
region  of  pressure,  we  cannot  see  external  objects  which  affect  the  retina  uniformly 
and  continuously. 

VI.  The  duration  of  the  retinal  stimulation  must  be  exceedingly  short,  as  the 
electrical  spark  lasts  only  0 '000000868  second  ;  still,  as  a  general  rule,  a  shorter 
time  is  required,  the  larger  and  brighter  the  object  looked  at.  Alternate  stimu 
lation  with  light,  17  to  18  times  per  minute,  is  perceived  most  intensely  {Briicke). 
Further,  an  increa.se  or  diminution  of  O'Ol  part  of  the  intensity  of  the  light  is 
perceptible  (§  383).  A  shorter  time  is  required  to  perceive  yellow  than  is  required 
for  violet  and  red  ( Vierordt).  The  retina  becomes  more  sensitive  to  light,  after  a 
person  has  been  kept  in  the  dark  for  a  long  time,  and  also  after  repose  during  the 
night.  If  light  be  allowed  to  act  on  the  eyes  for  a  long  time,  and  especially  if  it 
be  intense,  it  causes  fatigue  of  the  retina,  which  begins  sooner  in  the  centre  than 
in  the  periphery  of  the  organ  {Aubert).  At  first  the  fatigue  comes  on  rapidly  and 
afterwards  develops  more  slowly — it  is  most  marked  in  the  morning  (.^1.  Fid-). 
The  periphery  of  the  retina  is  specially  characterised  by  its  capacity  for  distinguish- 
ing movements  (E.mer). 

VII.  Visual  Purple. — The  mode  of  the  action  of  light  upon  the  end-organs  of 
the  retina  has  already  been  referred  to  (p.  739)  in  connection  with  the  ''visual  jnirjile" 
or  rhodopsin  {Boll,  Kiikne).  Kiihne  showed  that,  by  illuminating  the  retina,  actual 
pictures  {e.g.,  the  image  of  a  window)  could  be  produced  on  the  retina,  but  they 
gradually  disappeared.  From  this  point  of  view  we  might  regard  the  retina  as 
comparable,  to  a  certain  extent,  to  the  sensitive  plate  of  a  photographic  apparatus. 

Optogram. — The  visual  purple  is  formed  by  the  pigment-epithelium  of  the  retina.  Perhaps 
we  might  compare  the  process  to  a  kind  of  secretion.  The  visual  puqile  may  be  restored  in  a 
retina  by  laying  the  latter  upon  living  choroidal  epithelium.  The  pigment  disappears  from 
the  mammalian  retina  by  the  action  of  light  60  times  more  raf)idly  than  from  the  retina  of  the 
frog.  In  a  rabbit's  eye,  whose  pupil  was  dilated  with  atropin,  Ewald  and  Kiihne  obtained  a 
sharp  picture  or  optogram  of  a  bright  object  placed  at  a  distance  of  24  cm.  from  the  eye — th(! 
imace  was  ' '  fi.xed  by  a  4  per  cent,  solution  of  alum.  Visual  purple  withstands  all  the  oxidising 
reagents  ;  zinc  chloride,  acetic  acid,  and  corrosive  sublimate  change  it  into  a  yellow  substance 

 it  becomes  white  only  through  the  action  of  light ;  the  dark  heat-rays  are  without  effect, 

while  it  is  decomposed  above  a  temperature  of  52°  C.  [As  visual  purple  is  absent  from  the 
cones,  and  cones  only  are  present  in  tlie  fovea  centralis,  we  cannot  explain  vision  by  optograms 
formed  by  the  visual  purple.] 

VIII.  Destruction  of  the  rods  and  cones  of  the  retina  causes  corresponding 
dark  spots  in  the  field  of  vision. 

396.  PERCEPTION  OF  COLOURS. —Physical. —The  vibrations  of  the  light-ether  are  per- 
ceived by  the  retina  only  within  distinct  limits.  If  a  beam  of  white  light,  e.g.,  from  the  sun, 
be  transmitted  through  a  prism,  the  light  rays  are  refracted  and  dispersed,  and  a  "prismatic 
spectrum"  is  obtained  (fig.  17).  White  light  contains  rays  of  very  different  wave-lengths  or 
periods  of  vibration.  The  dark  heat-rays,  whose  wave-length  is  0-00194  inm.,  are  refracted  least 
{FizeaxC).    They  do  not  act  upon  the  retina,  and  arc  therefore  invisible.    They  act,  however, 
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upon  sensory  nerves.  About  90  per  cent,  of  tliese  rays  is  absorbed  by  tlie  media  of  the  ej  e 
^B^ickJ^cuulKZ^^  From  Frauenhofer's  line,  A,  onwards,  the  oscil  ations  of  the  ligh  - 

ofher  exdte  the  retina  in  the  following  order  :-Med  with  481  billions  of  vibrations  per  second 
om«w  with  532,  yellow  with  563,  green  with  607,  blue  with  653,  imligo  v.nth  6 1 6,  ^ud  violet 
with  764  billion  vibrations  per  second.  The  sensation  of  colour  therefore  depends  on  the 
number  of  vibrations  of  the  Ught-ether,  just  as  the  pitch  of  a  note  depends  on  the  number  ot 
vibrations  of  the  sounding  body  {Newton,  1704  ;  Hartlei/,  1772).  Beyond  the  violet  lie  the 
chemically  active  [actinic]  rays  of  tlie  si)ectrum.  After  cutting  out  all  the  .spectrum,  mclucling 
the  violet  rays,  v.  Helniholtz  .succeeded  in  seeing  the  ultra-violet  rays,  which  had  a  teeble 
f'revish-blue  colour.  The  heat-rays  in  the  coloured  part  of  the  spectrum  are  transmitted  by  the 
media  of  the  eye  in  the  same  way  as  through  water.  The  existence  of  the  ultra-violet  rays  is 
best  ascertained  by  the  phenomenon  of  fluorescence.  Von  Helniholtz,  on  illuminating  a  .solution 
of  sulphate  of  quinine  with  the  ultra-violet  rays,  saw  a  bluish-white  light  proceeding  from  all 
parts  of  the  solution  which  were  acted  on  by  the  ultra-violet  rays.  As  the  media  of  the  eye  them- 
selves exhibit  fluorescence  {v.  Hclmlwltz),  they  must  increase  the  power  of  the  retina  to  distin- 
guish these  rays.   The  ultra-violet  rays  are  not  largely  absorbed  by  the  media  of  the  eye  {Brucke). 

In  order  that  a  colour  be  perceived,  it  is  essential  that  a  certain  amount  of  light  fall  upon  the 
retina.  Blue,  when  at  the  lowest  degree  of  brightness,  gives  a  colour  sensation  with  an  amount 
of  light  which  is  sixteen  times  less  than  that  required  for  red  (Z'o^/roif/osA-?/).  _ 

Intensity  of  the  Impression  of  Light.— While  light  of  different  periods  of  vibration  applied 
to  the  eye  excites  the  diflerent  sensations  of  colour,  the  amplitude  of  the  vibrations  (height  of 
the  waves)  determines  the  intensity  of  the  impression  of  light ;  just  as  the  loudness  of  a  note 
depends  on  the  amplitude  of  the  vibrations  of  the  sounding  body.  The  sun's  light  contains  all 
the  rays  which  excite  the  sensation  of  colour  in  us,  and  when  all  these  rays  fall  simultaneously 
upon  the  retina  we  experience  the  sensation  of  white.  If  the  colours  of  the  spectrum  obtained 
by  means  of  a  prism  be  reunited,  white  light  is  again  obtained.  If  no  vibrations  of  the  light- 
ether  reach  the  retina,  every  sensation  of  light  and  colour  is  absent,  but  we  can  scarcely  apply  the 
term  black  to  this  condition.  It  is  rather  the  absence  of  sensation,  such  as,  for  examj)le,  is 
the  case  when  a  beam  of  light  falls  on  the  skin  of  the  back.  This  does  not  give  the  sensation 
of  black,  but  rather  that  of  no  sensation  of  light. 

Simple  and  Mixed  Colours. — We  distinguish  simple  colours,  e.g.,  those  of  the 
spectrum.  In  order  to  perceive  these,  the  retina  must  be  excited  (set  into  vibration) 
by  a  distinct  number  of  oscillations  (see  above).  Further,  we  distinguish  "  mixed 
colours,"  whose  sensations  are  produced  when  the  retina  is  excited  by  two  or  more 
.simple  colours,  simultaneously  or  rapidly  alternating.  The  most  complex  mixed 
colour  is  white,  which  is  composed  of  a  mixture  of  all  the  simple  colours  of  the 
spectrum. 

The  "  complementary  colours  "  are  important.  Any  two  colours  which  together 
give  the  sensation  of  white  are  complementary  to  each  other.  The  "  contrast  colours  " 
are  mentioned  here  merely  to  complete  the  list.  They  are  closely  related  to  the 
complementary  colours.  Any  two  colours  which,  when  mixed,  supplement  the 
generally  prevailing  tone  of  the  light,  are  contrast  colours.  "When  the  sky  is  blue, 
the  two  contrast  colours  must  be  bluish- white  :  with  bright  gaslight  they  must  be 
yellowish-white,  and  in  pure  white  light  of  course  all  the  complementary  are  the 
.same  as  the  contrast  colours  {Briklx). 

Methods  of  Mixing  Colours.— 1.  Two  solar  spectra  are  projected  upon  a  screen,  and  the 
spectra  are  so  arranged  as  to  cause  any  one  part  of  one  spectrum  to  cover  any  part  of  the  other. 
2.  Look  obliquely  through  a  vertically  arranged  glass  plate  at  a  colour  placed  behind  it. 
Another  colour  is  placed  in  front  of  the  glass  plate,  so  that  its  image  is  also  reflected  into  the 
eye  of  the  observer  ;  thus,  the  light  of  one  colour  transmitted  through  the  glass  plate  and  the 
reflected  light  from  the  other  colour  reach  the  eye  simultaneously.  [Lambert's  Method. — This 
is  easily  done  by  Lambert's  method.  Use  coloured  wafers  and  a  slip  of  glass  ;  place  a  red  w-afer 
on  a  sheet  of  black  paper,  and  about  3  inches  behind  it  another  blue  one.  Hold  the  plate  of 
glass  midway  and  vertically  between  them,  and  so  incline  the  glass  that,  while  looking  through 
it  at  the  red  wafer,  a  reflected  image  of  the  blue  one  will  be  projected  into  the  eye  in  the  same 
direction  as  that  of  the  red  image,  when  we  have  the  sensation  of  purple.  ] 

3.  A  rotatory  disc,  with  sectors  of  various  colours,  is  rapidly  rotated  in  front  of  the  eyes.  On 
l  apidly  rotating  the  coloured  disc,  the  impressions  produced  by  the  individual  colours  are  united 
to  produce  a  mixed  colour.  If  the  rotating  disc,  which  yields,  let  us  suppose,  white,  on  mixing 
the  colours  of  the  spectrum,  be  reflected  in  a  rapidly  rotating  mirror,  then  the  individual 
components  of  the  white  reappear. 

4.  Place  in  front  of  each  of  the  small  holes  in  the  cardboard  used  for  Scheiner's  experiment 
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(tig.  537)  two  diftercntly  coloured  pieces  of  glass  ;  the  coloured  rays  of  light  passing  through 
the  holes  unite  on  the  retina,  and  produce  a  mixed  colour  {Czermak). 

Complementary  Colours.  —Investigation  shows  that  the  following  colours  of  the  spectrum  are 
complementary,  i.e.,  every  pair  gives  rise  to  white  : — 

Red  and gi'eeni.sh -blue,  Orange  and  Cyan-blue, 

Yellow  and  indigo-blue,  Greenish-yellow  and  violet, 

while  green  has  the  compound  complementary  colour,  purple  {v.  HclmhoUz). 

The  mixed  coloiirs  may  be  determined  from  the  following  table.  At  the  top  of  the  vertical 
and  horizontal  columns  are  placed  the  simple  colours  ;  the  mixed  colours  occur  where  they 
intersect  the  corresponding  vertical  and  horizontal  columns  (Dk.  =dark  ;  wh.  =  whitish)  : — 


Violet. 

Iiuligo. 

Cyan-blue. 

Bluish- 
green. 

Green. 

Greenish- 
yellow. 

Yellow. 

Red 

Oranfie 

Yellow 

Gr.-yellow 

Green 

Bluish-green 
Cyan-blue 

Purple 

Dk.-rose 

Wh.-rosc 

White 

White-blue 

Water-blue 

Indigo 

Dk.-rose 

AVh.-rose 

White 

Wh.-grcen 

Water-blue 

Water-blue 

Wh.-rose 
White 
Wh.-green 
Wh. -green 
Bl. -green 

White 
Wh. -yellow 
Wh. -yellow 
Green. 

Wh.-yellow 

Yellow 

Gr.-yellow 

Gold-yellow 
Yellow 

Orange 

The  following  results  have  been  obtained  from  observations  on  the  mixture  of 
colours  : — 

1.  If  two  simple,  but  non-complementary,  spectral  colours  be  mixed  with  each 
other,  they  give  rise  to  a  colour  sensation,  which  may  be  represented  by  a  colour 
lying  in  the  spectrum  between  both,  and  mixed  with  a  certain  quantity  of  white. 
Hence  we  may  produce  every  impression  of  mixed  colours  by  a  colour  of  the  spec- 
trum -t-  white  {(jlrassman). 

2.  The  less  white  the  colour.s  contain,  the  more  "  saturated  "  they  are  said  to 
be  ;  the  more  white  they  contain,  the  more  unsaturated  do  they  appear.  The 
saturation  of  a  colour  diminishes  with  the  intensity  of  the  illumination. 

Geometrical  Colour  Table. — Since  the  time  of  Newton,  attempts  have  been  made  to  construct 
a  so-called  "geometrical  colour  table,"  which  will  enable  any  mixed  colour  to  be  readily  found. 
Pig.  561  shows  such  a  colour  table ; 
white  is  placed  in  the  middle,  and  from 
it  to  every  ])oint  in  the  curve, — which  is 
marked  with  the  names  of  the  colours, 
— ^suppose  each  colour  to  be  .so  placed 
that,  proceeding  from  white,  the  colours 
are  arranged,  beginning  with  the  bright- 
est tone,  always  followed  by  the  most 
saturated  tone,  until  the  pure  saturated 
spectral  colour  lies  in  the  point  of  the 
curve  marked  with  the  name  of  the 
colour.  The  mixed  colour,  purple,  is 
placed  between  violet  and  red.  In  order 
to  determine  from  this  table  the  mixed 
colour  of  any  two  spectral  colours,  unite 
the  points  of  these  colours  by  a  straight 
line.  Suppose  weights  corresponding  to 
the  units  of  intensity  of  these  colours, 
to  be  placed  on  both  points  of  the  curve 
indicating  colours,  then  the  position  of 


Violet 


Cyaai  blue 


Yellow 


Orange 


Red 


the  centre  of  gravity  of  both  in  the  line 
connecting  the  colours  indicates  the  posi- 


Fig.  561. 
Geometrical  colour  cone  or  table. 

tion  of  the  mixed  colour  in  the  table.  The  mixed  colour  of  two  spectral  colours  always  lies  in 
the  colour  table  in  the  straight  line  connecting  the  two  colour  points.  Further,  the  imi)ression 
of  the  mixed  colour  corresjionds  to  an  intermediate  spectral  colour  mixed  with  white.  The 
complementary  colour  of  any  spectral  colour  is  found  at  once  by  making  a  line  from  the  point 
of  this  colour  through  white,  until  it  intersects  the  oii^wsite  margin  of  the  colour  table  ;  the 
point  of  intersection  indicates  the  complementary  colour.  If  pure  white  be  produced  by  mixing 
two  complementary  colours,  the  colour  lying  nearest  white  on  the  connecting  line  must  be 
specially  strong,  as  then  only  would  the  centre  of  gravity  of  the  lines  uniting  both  colours  lie 
in  the  point  marked  wJiite. 


776 


YOUNG-IIELMHOLTZ  THEORY  OF  COLOUR  SENSATION. 


By  means  of  the  colour  table  we  may  ascertain  the  mixed  colour  of  three  or  more  colours. 
For  example,  it  is  required  to  find  the  mixed  colour  resulting  from  the  union  of  the  point,  a 
(pale  yellow),  b  (I'airly  saturated  bluish -green),  and  c  (fairly  saturated  blue).  On  the  three 
points  place  weights  corresponding  to  their  intensities,  and  ascertain  the  centre  of  gravity  of  the 
weiglit,  a,  b,  c  ;  it  will  lie  at  It  is  obvious,  however,  that  tlie  impression  of  this  mixed 
colmir,' whitish  green-blue,  can  be  produced  by  green-blue  +  v/hite,  so  that  may  be  also  the 
centre' of  gravity  of  two  weights,  which  lie  in  the  line  connecting  wliite  and  green-blue. 

We  may  describe  a  triangle,  V,  Gr,  R,  about  the  colour  table  so  as  to  enclose  it  completely. 
The  three  fundamental  or  primary  colours  lie  in  the  angles  of  this  triangle,  red,  green,  violet. 
It  is  evident  that  each  of  the  coloured  impressions,  i.e.,  any  point  of  the  colour  table,  may  be 
determined  by  ])lacing  weights  corresponding  to  the  intensity  of  the  primary  colours  at  the 
angles  of  the  triangle,  so  that  the  ]3oint  of  the  colour  table,  or  what  is  the  same  thing,  the 
desired  mixed  colour,  is  the  centre  of  gravity  of  the  triangle  with  its  angles  weighted  as  above. 
The  intensity  of  the  three  primary  colours,  in  order  to  produce  the  mixed  colour,  must  be  re- 
presented in  the  same  proportion  as  the  weights. 

Theories. — Various  theories  have  been  proposed  to  account  for  colour  sensation. 

1.  According  to  one  theory,  colour  sensation  is  produced  by  one  kind  of  element  present  in 
the  retina,  being  excited  in  different  ivays  by  light  of  different  colours  (oscillations  of  the  light- 
ether  of  different  w^ave-lengths,  number  of  vibrations,  and  refractive  indices). 

2.  Young-Helmholtz  Theory.— The  theory  of  Thomas  Young  (1807)  and  v. 
Helmholtz  (1852)  assumes  that  three  difierent  kinds  of  nerve-elements,  correspond- 
ing to  the  three  primary  colours,  are  present  in  the  retina.  Stimulation  of  the 
first  kind  causes  the  sensation  of  red,  of  the  second  gjeen,  and  of  the  third  violet. 

The  elements  sensitive  to  red  are  most  strongly  excited  by  light  with  the  longest  wave- 
length, the  red  rays  ;  those  for  green  by  medium  wave-lengths,  green  rays  ;  those  for  violet  by 
the  rays  of  shortest  wave-length,  violet  rays.  Further,  it  is  assumed,  in  order  to  explain  a 
number  of  i>henoinena,  that  every  colour  of  the  sjKctrum  excites  all  the  kinds  of  fibres,  some  of 
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Fig.  562. 

them  feebly,  others  strongly.  Suppose  in  fig.  562  the  colours  of  the  spectrum  are  arranged  in  their 
natural  order  from  red  to  violet  horizontally,  then  the  three  cui^ves  raised  upon  the  abscissa 
might  indicate  the  strength  of  the  stimulation  of  the  three  kinds  of  retinal  elements.  The 
continuous  curve  corresponds  to  the  rays  producing  the  sensation  of  red,  the  dotted  line  that 
of  green,  and  the  broken  line  that  of  violet.  Pure  red  light,  as  indicated  by  the  height  of  the 
ordinates  in  R,  strongly  excites  the  elements  sensitive  to  red,  and  feebly  the  other  two  kinds 
of  terminations,  resulting  in  the  sensation  of  red.  Simple  yellow  excites  moderately  the 
elements  for  red  and  green,  and  feebly  those  for  violet  =  sensation  of  yclloiv.  Simple  green 
excites  strongly  the  elements  for  green,  but  much  more  feebly  the  two  other  kinds  =  sensation 
oi  green.  Simple  blue  excites  to  a  moderate  extent  the  elements  for  green  and  violet;  more 
feebly  those  for  red  =  sensation  of  blue.  Simple  violet  excites  strongly  the  corresponding 
elements,  feebly  the  others  =  sensation  of  violet.  Stimulation  of  any  two  elements  excites  the 
impression  of  a  mixed  colour  ;  while,  if  all  of  them  be  excited  in  a  nearly  equal  degree,  the 
sensation  of  white  is  produced.  As  a  matter  of  fact,  the  Young-Helmholtz  theory  gives  a 
simple  explanation  of  the  phenomena  of  the  physiological  doctrine  of  colour.  It  has  been 
attempted  to  make  the  results  obtained  by  examination  of  tlie  structure  of  the  retina  accord 
with  this  view.  According  to  Max  Schultze,  the  cones  alone  are  end-organs  connected  with 
the  perception  of  colour.  The  presence  of  longitudinal  striation  in  their  outer  segments  is 
regarded  as  constituting  them  multiple  terminal  end-organs.  Our  power  of  colour  sensation, 
.SD  far  as  it  depends  on  the  retina,  would,  on  this  view  of  the  matter,  bear  a  relation  to  the 
number  of  cones.  The  degree  of  colour  sensation  is  most  developed  in  the  macula  lutea,  which 
contains  only  cones,  and  diminishes  as  the  distance  from  the  point  increases,  while  it  is  absent 
in  the  peripheral  parts  of  the  retina.  The  rods  of  the  retina  are  said  to  be  concerned  only  with 
the  capacity  to  distinguish  between  quantitative  sensations  of  light. 

3.  Hering's  Theory.— Ew.  Hering,  in  order  to  explain  the  sensation  of  light,  proceeds  from 
the  axiom  stated  under  1,  p.  775.  What  we  are  conscious  of,  and  call  a  visual  sensation  is 
the  physical  expression  for  the  metabolism  in  the  visual  substance  {"  Sehsubstanz"),  i.e., 
in  those  nerve-masses  which  arc  excited  in  the  process  of  vision.    Like  every  other  corporeal 
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inatter,  this  substance  during  the  activity  of  the  metabolic  process  undergoes  decomposition  or 

'disassimilation"  ;  while  during  rest  it  must  bo  again  renewed,  or  "assimilate"  new 
material.  Hering  assumes  that  tor  the  perception  of  white  and  black,  two  different  qualities 
ot  the  chemical  processes  take  place  in  the  visual  substance,  so  that  the  sensation  of  white 
corresponds  to  the  disassimilation  (decomposition),  and  that  of  black  to  the  assimilation 
(restitution)  of  the_  visual  substance.  According  to  this  view,  the  different  degrees  of  distinct- 
ness or  intensity  with  which  these  two  sensations  appear,  occur  in  the  several  transitions  between 
pure  white  and  deep  black  ;  or,  the  proportions  in  which  they  appear  to  be  mixed  (grey), 
correspond  to  the  intensity  of  these  two  psycho-physical  processes.  Thus,  the  consumption 
and  restitution  of  matter  in  the  visual  substance  are  the  primary  processes  in  the  sensation  of 
white  and  black.  In  the  production  of  the  sensation  of  white,  the  consumption  of  the  visual 
substance  is  caused  by  the  vibrating  ethereal  waves  acting  as  the  discharging  force  or  stimulus, 
while  the  degree  of  the  sensation  of  whiteness  is  proportional  to  the  quantity  of  the  matter 
consumed.  The  process  of  restitution  discharges  the  sensation  of  black ;  the  more  rapidly  it 
occurs,  the  stronger  is  the  sensation  of  black.  2'he  coimicmption  of  the  vistial  substance  at  one 
2^lace  causes  a  greater  rcstitHtion  in  the  adjoining  parts.  Both  processes  influence  each  other 
simultaneously  and  conjointly.  [In  the  production  of  a  visual  sensation,  it  is  important  to 
remember  that  the  condition  of  one  part  of  the  retina  influences  contemporaneously  the 
condition  of  adjoining  parts  of  the  retina,  i.e.,  "the  sensation  which  arises  through  the 
stimulation  of  any  given  point  of  the  retina,  is  also  a  function  of  the  state  of  other  immediately 
contiguous  points."]  This  explains  physiologically  the  phenomenon  of  contrast  of  which  the 
old  view  could  give  only  a  psychical  interpretation  (p.  782). 

Similarly,  colour  sensation  is  regarded  as  a  sensation  of  decomposition  (disassimilation)  and 
of  restitution  (assimilation)  ;  in  addition  to  white,  red  and  yellow  are  the  expression  of 
decomposition  ;  while  green  and  blue  represent  the  sensation  of  restitution.  Thus,  the  visual 
substance  is  subject  to  three  diflerent  ways  of  chemical  change  or  metabolism.  We  may 
explain  in  this  way  the  coloured  phenomena  of  contrast  and  the  complementary  after-images. 
The  sensation  of  black-white  may  occur  simultaneously  with  all  colours ;  hence,  every  colour 
sensation  is  accompanied  by  that  of  dark  or  bright,  so  that  we  cannot  have  an  absolutely  pure 
colour.  There  are  three  different  constituents  of  the  visual  substance  ;  that  connected  with 
the  sensation  of  black-white  (colourless),  that  with  blue-yellow,  and  that  with  red-green. 
All  the  rays  of  the  visible  spectrum  act  in  disassiniilating  the  black-white  substance,  but  the 
different  rays  act  in  different  degrees.  The  blue-yellow  or  the  red-green  substances,  on  the 
other  hand,  are  disassimilated  only  by  certain  rays,  some  rays  causing  assimilation,  whilst 
others  are  inactive.  Mixed  light  appears  colourless  when  it  causes  an  equally  strong  dis- 
assimilation and  assimilation  in  the  blue-yellow  and  in  the  red-green  substance,  so  that  the 
two  processes  mutually  antagonise  each  other,  and  the  action  on  the  black-white  substance 
appears  pure.  Two  objective  kinds  of  light,  which  together  yield  white,  are  not  to  be 
regarded  as  complementary,  but  as  antagonistic,  kinds  of  light,  as  they  do  not  supplement 
each  other  to  produce  white,  but  only  allow  this  to  appear  pure,  because,  being  antagonistic, 
they  mutually  prevent  each  other's  action. 

The  imperfection  of  the  Young-Helmholtz  theory  of  colour  sensation  is  that  it  recognises 
only  one  kind  of  excitability,  excitement,  and  fatigue  (corresponding  to  Bering's  disassimilation), 
and  that  it  ignores  the  antagonistic  relation  of  certain  light  rays  to  the  eye.  It  does  not  regard 
white  as  consisting  of  complementary  light  rays,  which  neutralise  each  other  by  their  action  on 
the  coloured  visual  substance,  but  as  uniting  to  form  white  {Hering). 

[While  it  suffices  to  explain  a  great  many  of  the  phenomena  of  light  and  colour,  e.g.,  the 
mixing  of  colours  and  complementary  colours,  it  does  not  satisfactorily  explain  contrast  or 
colour-blindness.  Fick  admits  that  it  does  not  explain  the  following  important  fact  : — Every 
ray  of  light,  while  exciting  a  colour  sensation  if  it  falls  on  a  sufficient  area  of  the  posterior 
polar  part  of  the  eyeball,  provided  it  acts  on  an  extremely  limited  part  of  the  retina,  even  if 
it  be  coloured  light,  produces  a  whitish  impression.  This  is  exactly  the  opposite  of  what  we 
should  expect,  viz. ,  the  smaller  the  area  of  retina  acted  on,  the  more  readily  should  the  parti- 
cular nerve-ending  be  excited  and  a  pure  colour  sensation  result.] 

In  applying  this  theory  to  colour-blindness  (§  397),  we  must  assume  that  those 

who  are  red-blind  want  the  red-green  visual  substance  ;  there  are  but  two  partial 

spectra  in  their  solar  spectrum,  the  black-white  and  the  yellow-blue.    The  position 

of  green  appears  to  such  an  one  to  be  colourless ;  the  rays  of  the  red  part  of  the 

spectrum  are  visible,  so  far  as  the  sensation  of  yellow  and  white  produced  by  these 

rays  is  strong  enough  to  excite  the  retina.    Hering  divides  his  spectrum  into  a 

yellow  and  a  blue  half.   A  violet-blind  person  wants  the  yellow-blue  visual  substance ; 

in  his  spectrum  there  are  only  two  partial  spectra,  the  black-white  and  the  red-green. 

In  cases  of  complete  colour-blindness,  the  yellow-blue  and  red-green  substances 

are  absent.    Hence,  such  a  person  has  only  the  sensation  of  bright  and  dark.  The 


778 


COLOUPt-BLlNDNESS. 


sensibility  to  liglit  and  the  length  of  the  spectrum  are  retained  ;  the  brightest  part 
in  this  case,  as  in  the  normal  eye,  is  in  the  yellow  {lleriwj). 

397.  COLOUR-BLINDNESS  AND  ITS  PRACTICAL  IMPORTANCE.— 

Causes. — By  the  term  colour-blindness  (dyschromatopsy)  is  meant  a  pathological 
condition  in  which  some  individuals  are  unable  to  distinguish  certain  colours. 
Huddart  (1777)  was  acquainted  with  the  condition,  but  it  was  first  accurately 
described  by  Dalton  (1794),  who  himself  was  red-blind.  The  term  colour-blindness 
was  given  to  it  by  Brewster. 

Tlie  supporters  of  the  Voung-Helmholtz  theory  assume  that,  corresponding  to  the  paralysis 
of  the  three  colour-perceiving  elements  of  the  retina,  there  arc  the  following  kinds  of  colour- 
blindness : — 

1.  Red-blindness.    2.  Green-blindness.    3.  Violet-blindness. 

The  liighest  degree  being  termed  complete  colour-blindness. 

Tlie  siipporters  of  E.  Hering's  theory  of  colour  sensation  distinguish  the  following  kinds  : — 

1.  Complete  Colour-blindness  (Achromatopsy). — The  spectrum  appears  achromatic  ;  the 
position  of  the  greenish -yellow  is  the  brightest,  while  it  is  darker  on  both  sides  of  it.  A 
coloured  picture  appears  like  a  photograph  or  an  engraving.  Occasionally  the  different  degrees 
of  light  intensity  are  perceived  in  one  shade  of  colour,  e.g.,  yellow,  whicli  cannot  be  compared 
witli  any  other  colour.  0.  Becker  and  v.  Hippel  observed  cases  of  unilateral  congenital  com- 
plete colour-blindness,  whilst  the  other  eye  was  normal  for  colour-perception. 

2.  Blue-yellow  Blindness. — The  spectrum  is  dichromatic,  and  consists  only  of  red  and  green. 
The  blue-violet  end  of  the  spectrum  is  usually  greatly  shortened.  In  pure  cases  only  the  red 
and  green  are  correctly  distinguished  (Mauthncr's  eryihrochloropy),  but  not  the  other  colours. 
Unilateral  cases  have  been  observed. 

3.  Red-green  Blindness. — The  spectrum  is  also  dichromatic.  Yellow  and  blue  are  correctly 
distinguished  ;  violet  and  blue  are  both  taken  for  blue.  The  sensations  for  red  and  green  are 
absent  altogether.  There  are  several  forms  of  this — (a)  Green-blindness,  or  the  red-green 
blindness,  with  imdiminished  spectrum  (Mauthner's  xanthokyanopy),  in  which  bright-green  and 
dark-red  are  confounded.  In  the  spectrum  yellow  abuts  directly  on  blue,  or  between  the  two, 
at  most,  there  is  a  strip  of  grey.  The  maximum  of  brightness  is  in  the  yellow.  It  is  often 
unilateral  and  often  hereditary.  Red-blindness  (or  the  red-green  blindness  with  undi- 
minished spectrum,  also  called  Daltonism),  in  which  bright-i'ed  and  dark-green  are  confounded. 
The  spectrum  consists  of  yellow  and  blue,  but  the  yellow  lies  in  the  orange.  The  red  end  of 
the  spectrum  is  uncoloured,  or  even  dark.  The  greatest  brightness,  as  well  as  the  limit  between 
yellow  and  blue,  lies  more  towards  the  right. 

4.  Incomplete  colour-blindness,  or  a  diminished  colour  sense,  indicates  the  condition  in 
which  the  acuteness  of  colour  perception  is  diminished,  so  that  the  colours  can  be  detected  only 
in  large  objects,  or  only  when  they  are  near,  and  when  they  are  mixed  with  white  they  no 
longer  appear  as  such.  A  certain  degree  of  this  form  is  frequent,  in  as  far  as  many  persons  are 
unable  to  distinguish  greenish-blue  from  blui.sh-green. 

Acquired  colour-blindness  occurs  in  diseases  of  the  retina  and  atrophy  of  the  optic  nerve  in 
commencing  tabes,  in  some  forms  of  cerebral  disease  (p.  713),  and  intoxications.  At  first 
green-blindness  occurs,  which  is  soon  followed  by  red-blindness.  The  peripheral  zone  of  the 
retina  suffers  sooner  than  the  central  area.  In  hysterical  persons  there  may  be  intermittent 
attacks  of  colour-blindness  {Charcot)  ;  and  the  same  occurs  in  hypnotised  persons  (p.  686). 

H.  Cohn  found  that,  on  heating  the  eyebaU  of  some  colour-blind  persons,  the  colour-ijlind- 
ness  disappeared  temporarily.  Occasionally  in  persons  without  a  lens  red  vision  is  iiresent,  and  is 
due  to  unknown  causes.  Percentage.— Holmgren  found  that  27  per  cent,  of  persons  were 
colour-blind,  most  being  red  and  green  blind,  and  very  few  violet  blind. 

Limits  of  Normal  Colour-blindness.— The  investigations  on  the  power  of  colour  perception 
in  the  normal  retina  are  best  carried  out  by  means  of  Aubert-Fcirster's  perimeter,  or  that  of 
M 'Hardy  (§  395).  It  is  found  that  our  colour  perception  is  comjjletc  07ily  in  the  middle  of  the 
field  of  vision.  Around  this  is  a  middle  zone,  in  which  only  blue  and  yellow  are  perceived  in 
which,  therefore,  there  is  red  lilindness.  Outside  this  zone,  there  is  a  peripheral  birdie,  where 
thei'e  is  complete  colour-blindness  (§  395).  Hence  a  red-blind  person  is  distinf^uished'from  a 
person  with  normal  vision,  in  that  the  central  area  of  the  normal  field  of  vision  is  absent  in  the 
former,  this  being  rather  included  in  the  middle  zone.  The  field  of  vision  of  a  green-blind 
person  differs  from  that  of  a  person  with  normal  vision,  in  that  his  peripheral  zone  corresponds 
to  the  intermediate  and  peripheral  zones  of  the  normal  eye.  The  violet-blind  person  is  dis 
tinguished  by  the  complete  absence  of  the  normal  peripheral  zone.  The  incomplete  colour- 
blindness of  these  two  kinds  is  characterised  by  a  uniformly  diminished  central  tield  [When 
very  intense  colours  are  used,  such  as  those  of  the  solar  spectrum,  the  retina  can  distino^uish 
them  quite  up  to  its  margin  (Landoli).']  ° 
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In  poisoning  with  santonin,  violet-blindness  (yellow  vision)  occnrs  in  consequence  of  the 
paralysis  of  the  violet  perceptive  retinal  elements,  which  not  unfrequently  is  preceded  by  stimu- 
lation of  these  elements,  resulting  in  violet  vision,  i.e.,  objects  seem  to  be  coloured  violet 
(Uilfncr).  Such  is  the  explanation  of  this  phenomenon  given  by  Holmgren,  ilax  Schultze, 
however,  referred  the  yellow  vision,  i.e.,  seeing  objects  yellow,  to  an  increase  of  the  yellow 
pigment  in  the  macula  lutea. 

When  coloured  objects  are  very  small,  and  illuminated  only  for  a  sliort  time,  the  normal  eye 
first  fails  to  perceive  red  {Auhert)  ;  hence,  it  appears  that  a  stronger  stimulus  is  required  to 
excite  the  sensation  of  red.  Briicke  found  that  very  rapidly  intermittent  white  light  is  per- 
ceived as  green,  because  the  short  duration  of  the  stimulation  fails  to  excite  the  elements  of 
the  retina  connected  with  the  sensation  of  red. 

[The  practical  importance  of  colour-blindness  was  pointed  out  by  George  Wilson,  and  again 
more  recently  by  Holmgren.  ]  No  person  should  be  employed  in  the  marine  or  railway  service 
until  he  lias  been  properly  certified  as  able  to  distinguish  red  from  green. 

Methods  of  Testing  Colour-blindness.— Following  Seebeck,  Holmgren  used  small  skeins  of 
coloiired  wools  as  the  simplest  material,  in  red,  orange,  yellow,  greenish-yellow,  green,  greenish- 
blue,  blue,  violet,  purple,  rose,  brown,  grey.  Tliere  are  five  finely  graduated  shades  of  each  of 
the  above  colours.  When  testing  a  person,  select  oidy  one  skein — e.g.,  a  bright  red  or  rose — 
from  tlie  mass  of  coloured  wools  placed  in  front  of  him,  and  place  it  aside,  asking  him  to  seek 
out  those  skeins  which  he  supposes  are  nearest  to  it  in  colour. 

Mace  and  Nacati  have  measured  the  acuteness  of  vision  by  illuminating  a  small  object  M  ith 
different  parts  of  the  spectrum.  They  compared  the  observations  on  red  and  green-blind 
persons  with  their  own  results,  and  found  that  a  red-blind  person  perceives  green  light  as  much 
brighter  than  it  appears  to  a  normal  person.  The  green-blind  had  an  excessive  sensibility  for 
red  and  violet.  It  apjiears  that  what  the  colour-blind  lose  in  perceptive  power  for  one  colour 
they  gain  for  another.    Tliey  have  also  a  keen  sense  for  variations  in  brightness. 

398.  STIMULATION  OF  THE  RETINA.— As  with  every  other  nervous 
apparatus,  a  certain  but  determinable  time  elapses  after  the  rays  of  light  fall  upon 
the  eye  before  the  action  of  the  light  takes  place,  whether  the  light  acts  so  as  to 
produce  a  conscious  impression,  or  produces  merely  a  reflex  effect  npon  the  pupil. 
The  strength  of  the  impression  produced  depends  partly  and  chiefly  upon  the 
excitability  of  the  retina  and  the  other  nervous  structures.  If  the  light  acts  for  a 
long  time  Avith  equal  intensity,  the  excitation,  after  having  reached  its  culminating 
point,  rapidly  diminishes  again,  at  first  more 
rapidly,  and  afterwards  more  and  more  slowly. 

[When  the  retina  is  stimulated  by  light, 
there  is  (1)  an  effect  on  the  rhodopsin  (p.  740). 
(2)  The  electro-motive  force  is  diminished 
(§  332).  (3)  The  processes  of  the  hexagonal 
l)igment-cells  of  the  retina  dipping  between 
the  rods  and  cones  are  afi"ected;  thus  they  are 
retracted  in  darkness,  and  protruded  in  the 
light  (fig.  563).  (4)  Engelmann  has  shown 
that  the  length  and  shape  of  the  cones  vary 
with  the  action  of  light.  The  cones  are  re- 
tracted in  darkness  and  protruded  under  the 
influence  of  light  (fig.  563).  This  alteration 
in  the  shape  of  the  cones  takes  place  even  if 
the  light  acts  on  the  skin,  and  not  on  the  eye- 
ball at  all.] 

After-images. — If  the  light  acts  on  the 
eye  for  some  time  so  as  to  excite  the  retina, 
and  if  it  be  suddenly  withheld,  the  retina  still  remains  for  some  time  in  an  excited 
condition,  which  is  more  intense  and  lasts  longer,  the  stronger  and  the  longer  the 
light  may  have  been  applied,  and  the  more  excitable  the  condition  of  the  retina. 
Thus,  after  every  visual  perception,  especially  if  it  is  very  distinct  and  bright, 
there  remains  a  so-called  after-hnage''  We  distinguish  a  "positive  after- 
image," which  is  an  image  of  similar  brightness,  and  a  similar  colour. 


1.         Fig.  563.  2. 
The  cones  of  the  retina  and  pigment-cells 
(of  the  frog)  as  affected  by  light  and 
darkness  :   1.  after  two  days  in  dark- 
ness ;  2.  after  ten  minutes  in  daylight. 


AFTEK-IMAGES. 

"That  the  impression  of  any  picture  remains  for  some  time  upon  the  eye  is  a  physio- 
lo'dcal  phenomenon  ;  when  such  an  impression  can  be  seen  for  a  long  time,  it  becomes  patho- 
logical The  weaker  the  eye  is,  the  longer  the  image  remains  upon  it.  The  retina  does  not 
recover  itself  so  <iuickly,  and  we  may  regard  the  action  as  a  kind  of  paralysis,  ihis  is  not  to 
be  wondered  at  in  the  case  of  dazzling  pictures.  After  looking  at  the  sun,  the  image  may 
remain  on  the  retina  for  several  days.  A  similar  result  sometimes  occurs  with  pictures  whicli 
are  not  dazzling.  Busch  records  that  the  impression  of  an  engraving,  with  all  its  details, 
remained  on  his  eye  for  17  minutes "  (Goctlie).  .  .  . 

Experiments  and  Apparatus  for  Positive  After-images.— 1.  When  a  burning  stick  is  rapidlj- 
rotated,  it  appears  as  a  fiery  circle.  ,  v     tt  j- 

2.  The  phanakistoscope  {Plateau)  or  the  stroboscopic  discs  {Stampfer).  Upon  a  disc  or 
cylinder,  a  series  of  objects  is  so  depicted  that  successive  drawings  represent  individual  factors 
of  one  continuous  movement.  On  looking  through  an  opening  at  such  a  disc  rotated  rapidly, 
we  see  pictures  of  the  different  phases  moving  so  quickly  that  each  rapidly  follows  the  one  in 
front  of  it.  As  the  impression  of  the  one  picture  remains  until  the  following  one  takes  its 
place,  it  has  the  appearance  as  if  the  successive  phases  of  the  movement  were  continuous,  and 
one  and  the  same  figure.  The  apparatus  under  the  name  of  zoetrope,  which  is  extensively  used 
as  a  toy,  is  generally  stated  to  have  been  invented  in  1832.  It  was  described  by  Cardanus  in 
1550.  It  maybe  used  to  represent  certain  movements,  c.g^.,  of  the  spermatozoa  and  ciliary 
motion,  the  movements  of  the  heart  and  those  of  locomotion. 

3.  The  colour  top  contains  on  the  sectors  of  its  disc  the  colours  which  are  to  be  mixed.  As 
the  colour  of  each  sector  leaves  a  condition  of  excitation  for  the  whole  duration  of  a  revolution, 
all  the  colours  must  be  perceived  simultaneously,  i.e.,  as  a  mixed  colour. 

[Illusions  of  Motion.— Silvanus  P.  Thompson  points  out  that  if  a  series  of  concentric  circles 
in  black  and  white  be  made  on  paper,  and  the  sheet  on  which  the  circles  are  drawn  be  moved 
with  a  motion,  as  if  one  were  rinsing  out  a  pail,  but  with  a  very  minute  radius,  then  all  the 
circles  appear  to  rotate  with  the  same  angular  velocity  as  that  imparted.  Professor  Thompson 
has  contrived  other  forms  of  this  illusion,  in  the  form  of  strobic  discs.] 

Negative  After-images. — Occasionally,  when  the  stimulation  of  the  retina  is 
strong  and  very  intense,  a  "  negative,"  instead  of  a  positive  after-image,  appears.  In 
a  negative  after-image,  the  bright  parts  of  the  object  appear  dark,  and  the  coloured 
parts  in  corresponding  contrast  colours  (p.  774). 

Examples  of  Negative  After-images.  — After  looking  for  a  long  time  at  a  dazzlingly-illurninated 
white  window,  on  closing  the  eyes  we  have  the  impression  of  a  bright  cross,  or  crosses,  as  the 
case  may  be,  with  dark  panes. 

Negative  coloured  after-images  are  beautifully  shown  by  Ncirrenberg's  apparatus.  Look 
steadily  at  a  coloured  surface,  e.g.,  a  yellow  board  with  a  small  blue  square  attached  to  the 
centre  of  its  surface.  A  white  screen  is  allowed  to  fall  suddenly  in  front  of  the  board — the  white 
surface  now  has  a  bluish  appearance,  with  a  yellow  square  in  its  centre. 

The  usual  explanation  of  dark  negative  after-images  is  that  the  retinal  elements  are  fatigued 
by  the  light,  so  that  for  some  time  they  become  less  excitable,  and  consequently  light  is  but 
feebly  perceived  in  the  corresponding  areas  of  the  retina ;  hence,  darkness  prevails. 

Hering  explains  the  dark  after-images  as  due  to  a  process  of  assimilation  in  the  black-white 
visual  substance.  In  explaining  coloured  after-images,  the  Young-Helmholtz  theoiy  assumes 
that,  under  the  action  of  the  light  waves,  e.g.,  red,  the  retinal  elements  connected  with  the 
perception  of  this  colour  are  paralysed.  On  now  looking  suddenly  on  a  white  surface,  the 
mixture  of  all  the  colours  appears  as  white  minus  red,  i.e.,  the  white  appears  green.  In  bright 
daylight  the  contrast  colour  lies  very  near  the  complementary  colour.  According  to  Hering, 
the  contrast  after-image  is  explained  by  the  assimilation  of  the  corresponding  coloured  visual 
.substance,  in  this  case,  of  the  "red-green"  (§  397).  From  the  commencement  of  a  momentary 
illumination  until  the  appearance  of  an  after-image,  0'344  sec.  elapses  {v.  Vintsckgaio  and 
Litstig). 

Not  unfrequently,  after  intense  stimulation  of  the  retina,  positive  and  negative 
after-images  alternate  with  each  other  until  they  gradually  fuse.  After  looking  at 
the  dark-red  setting  sun  we  see  alternate  discs  of  red  and  green. 

The  phenomena  of  contrast  undergo  some  modification  in  the  peripheral  areas  of 
the  retina,  owing  to  the  partial  colour-blindness  which  occurs  in  these  areas 
(AdamiicJc  and  Woinow). 

Irradiation  is  the  term  applied  to  certain  phenomena  where  we  form  a  false 
estimate  of  visual  impressions,  owing  to  inexact  accommodation.  If,  from  inexact 
accommodation,  the  margins  of  the  object  are  projected  upon  the  retina  in  diffusion 
circles,  the  mind  tends  to  add  the  undefined  margin  to  those  parts  of  the  visual 


SIMULTANEOUS  CONTRAST. 


781 


image  which  are  most  prominent  in  the  image  itself.  What  is  bright  appears 
larger  and  overcomes  what  is  dark,  while  an  object,  without  reference  to  brightness 
or  colour,  has  the  same  relation  to  its  background 


564).  When  the  accommodation  is  quite 
accurate,  the  phenomenon  of  irradiation  is  not 


Fig.  564. 
For  irradiation. 


Fig.  565. 
For  irradiation. 


present.  [On  looking  at  fig.  565  from  a  distance,  the  white  squares  appear  larger 
and  as  if  they  were  united  by  a  white  band.] 

"  A  dark  object  appears  smaller  than  a  bright  one  of  the  same  size.  On  looking  at  the  same 
time  from  a  certain  distance  at  two  circles  of  the  same  size,  a  white  one  on  a  black  background, 
and  a  black  on  a  white  background,  we  estimate  the  latter  to  be  about  one-lifth  less  than  the 
former  (tig.  564).  On  making  the  black  circle  one-fifth  larger  they  will  appear  equal.  Tycho 
de  Brahe  remarks  that  the  moon,  when  in  conjunction  (dark),  appears  to  be  one-lifth  smaller 
than  in  opposition  (full,  bright).  The  first  lunar  crescent  appears  to  belong  to  a  larger  disc 
than  the  dark  one  adjoining  it,  which  can  occasionally  be  distinguished  at  the  time  of  the  new 
light.  Black  clothes  make  persons  appear  to  be  much  smaller  than  light  clothes.  A  light  seen 
behind  a  margin  gives  the  appearance  of  a  cut  in  the  margin.  A  ruler,  behind  which  is  placed 
a  lighted  candle,  appears  to  the  observer  to  have  a  notch  in  it.  The  sun,  when  rising  and 
setting,  appears  to  make  a  depression  in  the  horizon"  {Goethe). 

[Contrast. — The  fundamental  phenomena  are  such  as  these,  that  a  bright  object 
looks  brighter  surrounded  by  objects  darker  than  itself ;  and  darker  with  surround- 
ings brighter  than  itself.  There  may  be  contrasts  either  with  bright  or  dark  objects 
or  with  coloured  ones.] 

Simultaneous  Contrast. — By  this  term  is  meant  a  phenomenon  like  the  follow- 
ing : — When  bright  and  dark  parts  are  present  in  a  picture  at  the  same  time,  the 
bright  (white)  parts  always  appear  to  be  more  intensely  bright  the  less  white  there 
is  near  them,  or,  what  is  the  same  thing,  the  darker  the  surroundings,  and,  con- 
versely, they  appear  less  bright  the  more  white  tints  that  are  present  near  them. 
A  similar  phenomenon  occurs  with  coloured  pictures.  A  colour  in  a  picture  appean-s 
to  us  to  be  more  intense  the  less  of  this  colour  there  is  in  the  adjoining  parts,  that 
is,  the  more  the  surroundings  resemble  the  tints  of  the  contrast  colour.  Simultane- 
ous contrast  arises  from  simultaneous  impressions  occurring  in  two  adjoining  and 
different  parts  of  the  retina. 

Examples  of  Contrast  for  Bright  and  Dark. — 1.  Look  at  a  white  network  on  a  black  ground  ; 
the  parts  where  the  white  lines  intersect  appear  darker,  because  there  is  least  black  near  them. 

2.  Look  at  a  point  of  a  small  strip  of  dark  grey  paper  in  front  of  a  dark  black  background. 
Push  a  large  piece  of  white  paper  between  the  strip  and  the  background ;  the  striji  on  the  white 
o-round  now  appears  to  be  much  darker  than  before.  On  again  removing  the  white  paper,  the 
strip  at  once  again  appeai-s  bright  (Hering). 

3.  Look  with  both  eyes  towards  a  greyish -white  surface,  e.g.,  the  ceiling  of  a  room.  After 
f^azinc  for  some  time,  place  in  front  of  the  eye  a  paper  tube  eight  inches  long,  and  an  inch  to 
an  inch  and  a  (piarter  in  diameter,  blackened  in  the  inside.  The  part  of  the  ceiling  seen 
through  the  tube  appears  as  a  round  white  spot  (Landois). 

Examples  for  Colours.  — 1.  Place  a  piece  of  grey  paper  on  a  red,  yellow,  or  blue  ground ;  the 
contrast  colours  appear  at  once,  viz.,  green,  blue,  or  yellow.  The  phenomenon  is  made  still 
more  distinct  by  covering  the  whole  with  transjiarent  tracing  paper  {Hcrm.  Meyer).  Under 
similar  circumstances,  printed  matter  on  a  coloured  ground  a])pears  in  its  coni])lementary  colour 
'( IF.  V.  Bczold). 
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2.  An  air-bubble  in  the  strongly  tinged  field  of  vision  of  a  thick  microscopical  preparation 
appears  with  an  intense  contrast  colour  (Landois). 

3.  Paste  four  green  sectors  upon  a  rotatory  white  disc,  leave  a  ring  round  the  centre  of  the 
disc  uncovered  by  green,  and  cover  it  with  a  black  strip.  On  rotating  such  a  disc  the  black 
part  api)ears  red  and  not  grey  {Briicke). 

4.  Look  with  both  eyes  towards  a  greyish-white  surface,  and  place  in  front  of  one  eye  a  tube 
about  the  length  and  breadth  of  a  linger,  composed  of  transparent  oiled  paper,  gummed  together 
to  such  tliickness  as  will  permit  light  to  pass  through  its  walls.  The  part  of  the  surface  seen 
through  the  tube  appears  in  its  contrast  colour.  The  experiment  also  shows  the  contrast  in  the 
intensity  of  the  illumination  {Landois).  A  white  piece  of  paper,  with  a  round  black  spot  in  its 
centre,  when  looked  at  through  a  blue  glass  appears  blue  with  a  black  spot.  If  a  white  spot  of 
the  same  size  on  a  black  ground  be  placed  in  front,  so  that  it  is  retlected  in  the  glass  plate  and 
just  covers  the  black  spot,  it  shows  the  contrast  colour  yellow  {Ilagona  Scina). 

5.  The  coloured  shadows  also  belong  to  the  groujj  of  simultaneous  contrasts.  "Two  condi- 
tions are  necessary  for  the  production  of  coloured  shadows — lirstly,  that  the  light  gives  some 
kind  of  a  colour  to  the  white  surface  ;  second,  that  the  shadow  is  illuminated,  to  a  certain 
extent,  by  another  light.  During  the  twilight,  place  a  short  lighted  candle  on  a  white  surface, 
between  it  and  the  fading  daylight  hold  a  pencil  vertically,  so  tliat  the  sliadow  thrown  by  the 
candle  is  illuminated,  but  not  abolished,  by  the  feeble  daylight ;  the  shadow  a])pears  of  a 
beautiful  blue.  The  blue  shadow  is  easily  seen,  but  it  requires  a  little  attention  to  observe  that 
the  white  paper  acts  like  a  reddish-yellow  surface,  whereby  the  blue  colour  apparent  to  the  eye 
is  improved.  One  of  the  most  beautiful  cases  of  coloured  shadows  is  seen  in  connection  with 
the  full  moon.  The  light  of  the  candle  and  that  of  the  moon  can  be  completely  equalised. 
Both  shadows  can  be  obtained  of  equal  strength  and  distinctness,  so  that  both  colours  are 
completely  balanced.  Place  the  plate  opposite  the  light  of  the  moon,  the  lighted  candle  a  little 
to  one  side  at  a  suitable  distance.  In  front  of  the  plate  hold  an  opaque  body,  when  a  double 
shadow  appears,  the  one  thrown  by  the  moon  and  lighted  by  the  candle  being  bright  reddish- 
yellow  ;  and,  conversely,  the  one  thrown  by  the  candle  and  lighted  by  the  moon  appears  of  a 
beautiful  blue.    AVhere  the  two  shadows  come  together  and  unite  is  black"  {Goethe). 

6.  "  Take  a  plate  of  green  glass  of  considerable  thickness  and  hold  it  so  as  to  get  the  bars  of 
a  window  reflected  in  it,  the  bars  will  be  seen  double,  the  image  formed  by  the  under  surface 
of  the  glass  being  green,  while  the  image  coming  from  the  under  surface  of  the  glass,  and  which 
ought  really  to  be  colourless,  appears  to  be  purple.  The  experiment  may  be  performed  with  a 
vessel  tilled  with  water,  with  a  mirror  at  its  base.  With  pure  water  colourless  images  are 
obtained,  while  by  colouring  the  water  coloured  images  are  produced"  {Goethe). 

Explanation  of  Contrast. — Some  of  these  phenomena  may  be  explained  as  due  to  an  error  of 
judgment.  During  the  simultaneous  action  of  several  impressions,  the  judgment  errs,  so  that 
when  an  effect  occurs  at  one  place,  this  acts  to  the  slightest  extent  in  the  neighbouring  parts. 
When,  therefore,  brightness  acts  upon  a  jiart  of  the  retina,  the  judgment  ascribes  the  smallest 
possible  action  of  the  brightness  to  the  adjoining  parts  of  the  retina.  It  is  the  same  witli 
colours.  It  is  far  more  probable  that  the  phenomena  are  to  be  referred  to  actual  physiological 
processes  {Rering).  Partial  stimulation  with  light  affects  not  onhj  the  part  so  acted  on,  but  also 
the  surroimding  area  of  tlie  retina  {yi.  782);  the  part  directly  excited  undergoing  increased  dis- 
assimilation,  the  (indirectly  stimulated)  adjoining  area  undergoing  increased  assimilation; 
the  increase  of  the  latter  is  greatest  in  the  immediate  neiglibourhood  of  the  illuminated 
portion,  and  rapidly  diminishes  as  the  distance  from  it  increases.  By  the  increase  of  the 
assimilation  in  those  parts  not  acted  on  by  the  image  of  the  object,  this  is  prevented,  so  that 
the  diffused  light  is  perceived.  The  increase  of  the  assimilation  in  the  immediate  neighbourhood 
of  the  illuminated  spot  is  greatest,  so  that  the  perception  of  this  relatively  stronger  ditierent 
light  is  largely  rendered  impossible  {Hering). 

[Helmholtz  thus  ascribed  the  phenomena  of  contrast  to  psychical  conditions,  i.e.,  errors  of 
judgment,  but  this  explanation  is  certainly  not  complete.  A  far  more  satisfactory  solution  of  the 
problem  is  that  of  Hering,  that  stimulation  of  one  part  of  the  retina  affects  the  condition  of 
adjoining  parts.  If  a  white  disc  on  a  black  background  be  looked  at  for  a  time,  and  then  the 
eyes  be  closed,  a  negative  after-image  of  the  disc  appears,  but  it  is  darker  and  blacker  than  the 
visual  area,  and  it  has  a  light  area  around,  brightest  close  to  the  disc,  i.e.,  the  adjacent  part  of 
the  retina  is  affected.    This  Hering  has  called  successive  light  induction.] 

Successive  Contrast. —Look  for  a  long  time  at  a  dark  or  bright  object,  or  at  a  coloured  {e.g. 
red)  one,  and  then  allow  the  effect  of  the  contrast  to  occur  on  the  retina,  i.e.,  with  reference 
to  the  above,  bright  and  dark,  or  the  contrast  colour  green,  then  these  become  very  intense. 
This  phenomenon  has  also  been  called  ''successive  contrast."    In  this  case  the  negative  after- 
image obviously  plays  a  part.  ° 

[Some  drugs  cause  subjective  visual  sensations,  but  these  do  so  by  acting  on  the  brain,  c  q 
alcohol,  as  in  delirium  tremens,  cannabis  indica,  sodic  salicylate,  and  large  doses  of  dii^italis 
{Brunton).']  ° 
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eyeball  is  capable  of  extensive  and  free  movement  on  the  correspondingly  excavated 
fatty  pad  of  the  orbit,  just  like  the  head  of  a  long  bone  in  the  corresponding  socket 
of  a  freely  movable  arthroidal  joint.  The  movements  of  the  eyeball,  however,  are 
limited  by  certain  conditions,  by  the  mode  in  which  the  eye-muscles  are  attached 
to  it.  Thus,  when  one  muscle  contracts,  its  antagonistic  muscle  acts  like  a  bridle, 
and  so  limits  the  movement ;  the  movements  are  also  limited  by  the  insertion  of 
the  optic  nerve.  The  soft  elastic  pad  of  the  orbit  on  which  the  eyeball  rests  is 
itself  subject  to  be  moved  forward  or  backward,  so  that  the  eyeball  also  must 
participate  in  these  movements. 

Protrusion  of  the  eyeball  takes  place — 1.  By  congestion  of  the  blood-vessels,  especially  of 
the  veins  in  the  orbit,  such  as  occurs  when  the  overHow  of  the  venous  blood  from  the  liead  is 
interfered  with,  as  in  cases  of  hanging.  2.  By  contraction  of  the  smooth  muscular  fibres  in 
Tenon's  capsule,  in  the  spheno-maxillary  fissure,  and  in  tlie  eyelids  (§  404),  which  are  inner- 
vated by  the  cervical  sympathetic  nerve.  3.  By  voluntary  forced  opening  of  the  palpebral 
fissure,  whereby  the  pressure  of  the  eyelids  acting  on  the  eyeball  is  diminished.  4.  By  the 
action  of  the  oblique  muscles,  which  act  by  pulling  the  eyeball  inwards  and  forwards.  If  the 
superior  obli(iue  be  contracted  when  the  eyelids  are  forcibly  opened,  the  eyeball  may  be  pro- 
truded about  1  mm.  When  protrusion  of  the  eyeball  occurs  pathologically  (as  in  1  and  2),  the 
condition  is  called  exophthalmos. 

Retraction  of  the  eyeball  is  the  opposite  condition,  and  is  caused — 1.  By  closing  the  eye- 
lids forcibly.  2.  By  an  empty  condition  of  the  retrobulbar  blood-vessels,  diminished  succulence, 
or  disappearance  of  the  tissue  of  the  orbit.  3.  Section  of  the  cervical  sympathetic  in  dogs 
causes  the  eyeball  to  sink  somewhat  in  tlie  orbit.  Tlie  smooth  muscular  fibres  of  Tenon's 
capsule  are  perhaps  antagonistic  in  their  action  to  the  four  recti  when  acting  together,  and  thus 
prevent  the  eyeball  from  being  drawn  too  far  backwards.  Many  animals  have  a  special 
retractor  hulbi  muscle,  e.g.,  amphibians,  reptiles,  and  many  mammals;  the  ruminants  have 
four. 

The  movements  of  the  eyes  are  almost  always  accompanied  by  similar  movements 
of  the  head,  chiefly  on  looking  upwards,  less  so  on  looking  laterally,  and  least  of 
all  when  looking  downwards. 

The  difficult  investigations  on  the  movements  of  the  eyeballs  have  been  carried  out,  especially 
by  Listing,  Meissner,  Helmholtz,  Bonders,  A.  Fick,  and  E.  Hering. 

Axes. — All  the  movements  of  the  eyeball  take  place  round  its  point  of  rotation  (fig.  566,  0), 
which  lies  177  mm.  behind  the  centre  of  the  visual  axis,  or  10"957  mm.  from  the  vertex  of  the 
cornea  {Domlers).  In  order  to  determine  more  carefully  the  movements  of  the  eyeball,  it  is 
necessary  to  have  certain  definite  data  : — 1.  The  visual  axis  (S,  SJ,  or  the  antero-posterior  axis 
of  the  eyeball,  unites  the  point  of  rotation  with  the  fovea  centralis,  and  is  continued  straiglit 
forwards  to  the  vertex  of  the  cornea.  2.  The  transverse,  or  horizontal  axis  (Q,  Qj),  is  the 
straight  line  connecting  the  points  of  rotation  of  both  eyes  and  its  extension  outwards.  Of 
course,  it  is  at  right  angles  to  1.  3.  The  vertical  axis  glasses  vertically  through  the  point  of 
rotation  at  right  angles  to  1  and  2.  These  three  axes  form  a  co-ordinate  system.  We  must 
imat^ine  that  in  the  orbit  there  is  a  fixed  determinate  axial  system,  whose  point  of  intersection 
corresponds  with  the  point  of  rotation  of  the  eyeball.  When  the  eye  is  at  rest  (primary 
position),  the  three  axes  of  the  eyeball  completely  coincide  with  the  three  axes  of  the  co-ordinate 
system  in  the  orbit.  When  the  eyeball  however  is  moved,  two  or  more  axes  are  displaced  from 
this,  so  that  they  must  form  angles  with  the  fixed  orbital  system. 

Planes  of  Separation. — In  order  to  be  more  exact,  and  also  partly  for  further  estimations,  let 
us  suppose  three  planes  passing  through  the  eyeball,  and  that  their  position  is  secured  by  any 
two  axes.  1.  The  horizontal  plane  of  separation  divides  the  eyeball  into  an  upper  and  lower 
half  -  it  is  determined  by  the  visual  transverse  axis.  In  its  course  through  the  retina  it  forms 
the  horizontal  line  of  separation  of  the  latter ;  the  coats  of  the  eyeball  itself  cut  it  in  their 
horizontal  meridian.  2.  The  vertical  plane  divides  the  eyeball  into  an  inner  and  outer  half  ; 
it  is  determined  by  the  visual  and  vertical  axes.  It  cuts  the  retina  in  the  vertical  line  of 
separation  of  the  latter  and  the  })eriphery  of  the  bulb  in  the  vertical  meridian  of  the  eyeball. 
3.  The  equatorial  plane  divides  the  eyeball  into  an  anterior  and  posterior  half ;  its  position  is 
determined  by  the  vertical  and  transverse  axes,  and  it  cuts  the  sclerotic  in  the  equator  of  tlie 
eyeball.  The  horizontal  and  vertical  lines  of  separation  of  the  retina,  which  intersect  in  the 
fovea  centralis,  divide  the  retina  into  four  quadrants. 

In  order  to  define  more  precisely  the  movements  of  the  eyeball,  v.  Helmholtz  has  introduced 
the  following  terms  : — He  calls  the  straight  line  wliich  connects  the  point  of  rotation  of  the  eye 
with  the  fixed  point  in  the  outer  world,  the  visual  line  ("  Blicklinie  "),  while  a  plane  passing 
throuo-h  these  lines  in  both  eyes  he  called  the  visual  plane  ;  the  ground  line  of  this  plane  is  the 
line  uniting'  the  two  points  of  rotation,  viz.,  the  transverse  axis  of  the  eyeball.    Suppose  a 
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sagittal  section  (aiitero-posterior)  to  be  made  through  the  head,  so  as  to  divide  the  latter  into  a 
ri^ht  and  left  hall",  then  this  plane  would  halve  the  ground  line  of  the  visual  plane,  and  when 
prolonged  forward  would  intersect  the  visual  plane  in  the  median  line.  The  visual  point  of  the 
eve  can  be  (1)  raised  or  lowered — the  field  which  it  traverses  being  called  the  visual  field 
Blickfeld  ")  ;  it  is  part  of  a  spherical  surface  with  the  point  of  rotation  of  the  eye  in  its 
centre.  Proceeding  from  the  primary  position  of  both  eyes,  Avhich  is  characterised  by  both 
visual'lines  l)eing  jjarullel  with  each  other  and  horizontal,  then  the  elevation  of  the  visual  plane 
can  be  determined  by  the  angle  which  this  forms  with  the  plane  of  the  primary  position.  This 
angle  is  called  the  angle  of  elevation — it  is  positive  when  the  visual  plane  is  raised  (to  the  fore- 
head), and  negative  when  it  is  lowered  (chiuwards).  (2)  From  the  primary  position,  the  visual 
line  can  be  turned  laterally  in  the  visual  plane.  The  extent  of  this  lateral  deviation  is  measured 
by  the  angle  of  lateral  rotation,  i.e.,  by  the  angle  which  the  visual  line  forms  with  the 
median  line  of  the  visual  plane  ;  it  is  said  to  be  positive  when  the  posterior  ])art  of  the  visual 
line  is  turned  to  the  right,  negative  when  to  the  left.  The  following  are  the  positions  of  the 
eyeball : — 

1.  Primary  position  [or  "  position  of  rest "],  in  which  both  the  lines  of  vision 
are  parallel  with  each  other,  and  the  visual  planes  are  horizontal.  The  three  axes  of 
the  eyeball  coincide  with  the  three  fixed  axes  of  the  co-ordinate  system  in  the  orbit. 

2.  Secondary  positions  are  due  to  movements  of  the  eye  from  the  primary  posi- 
tion. There  are  two  different  varieties — (a)  where  the  visual  lines  are  parallel, 
but  are  directed  ujywards  or  downwards.  The  transverse  axis  of  both  eyes  remains 
the  same  as  in  the  primary  position  ;  the  deviations  of  the  other  two  axes  expressed 
by  the  amount  of  the  angle  of  elevation  of  the  ine  of  vision.  (Jj)  The  second 
variety  of  the  secondary  position  is  produced  by  the  convergetice  or  divergence  of  the 
lines  of  vision.  In  this  variety  the  vertical  axis,  round  which  the  lateral  rotation 
takes  place,  remains  as  in  the  primary  position ;  the  other  axes  form  angles  ;  the 
amount  of  the  deviation  is  expressed  by  the  "  angle  of  lateral  rotation."  The  eye, 
when  in  the  primary  position,  can  be  rotated  from  this  position  42°  outwards,  45° 
inwards,  34°  upwards,  and  57°  downwards  {Schuurmann). 

3.  Tertiary  position  is  the  position  brought  about  by  the  movements  of  the  eye, 
in  which  the  lines  of  vision  are  convergent,  and  are  at  the  same  time  inclined  up- 
wards or  downwards. 

[Listing's  Law  is  that  which  expresses  the  movements  of  the  eyeball.  When  the  ej'eball 
moves  from  the  primary  position,  or  position  of  rest,  the  angle  of  rotation  of  the  eye  in  the 
second  position  is  the  same  as  if  the  eye  were  turned  about  a  fixed  axis  perpendicular  to  both 
the  first  and  the  second  positions  of  the  visual  line  {IlcbnhoUz).] 

All  the  three  axes  of  the  eye  are  no  longer  coincident  with  the  axes  in  the  primary 
position.  The  exact  direction  of  the  visual  lines  is  determined  by  the  amount  of 
the  angle  of  lateral  rotation  and  the  angle  of  elevation.  There  is  still  another 
important  point.  The  eyeball  is  always  rotated  at  the  same  time  round  the  line 
of  vision  and  round  its  axis  ( Volkmann,  Hering).  As  the  iris  rotates  round  the 
visual  line  like  a  wheel  round  its  axis,  this  rotation  is  called  "  circular  rotation  " 
("  Raddrehung  ")  of  the  eye,  which  is  always  connected  with  the  tertiary  positions. 
Even  oblique  movements  may  be  regarded  as  composed  of — (1)  a  rotation  round 
the  vertical  axis,  and  (2)  round  the  transverse  axis  ;  or  it  may  be  referred  to  rota- 
tion round  a  single  constant  axis  placed  between  the  above-named  axes,  passing 
through  the  point  of  rotation  of  the  eyeball,  and  at  right  angles  to  the  secondary 
and  primary  direction  of  the  visual  axis  (line  of  vision) — {Listing).  The  amount 
of  circular  rotation  is  measured  by  the  angle  which  the  horizontal  separation  line  of 
the  retina  forms  with  the  horizontal  separation  of  the  retina  of  the  eye  in  the  primary 
position.  This  angle  is  said  to  be  positive,  when  the  eye  itself  rotates  in  the  same 
direction  as  the  hand  of  a  watch  observed  by  the  same  eye,  i.e.,  when  the  upper  end 
of  the  vertical  line  of  separation  of  the  retina  is  turned  to  the  right. 

According  to  Bonders,  the  angle  of  rotation  increases  with  the  angle  of  elevation  and  the 
angle  of  lateral  rotation— it  may  exceed  10°.  AVith  equally  great  elevation  or  depression  of 
the  visual  plane,  the  rotation  is  greater,  the  greater  the  elevation  or  depression  of  the  "line  of 
vision. 
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On  looking  upwards  in  the  tertiary  position,  the  upper  ends  of  the  vertical  lines  of  separation 
of  .the  retina  diverge  ;  on  looking  downwards  they  converge.  If  the  visual  plane  be  raised,  the 
eye,  when  it  deviates  laterally  to  the  right,  makes  a  circular  rotation  to  the  left.  When  the 
visual  plane  is  depressed,  on  deviating  the  eye  to  the  right  or  left,  there  is  a  corresponding 
circular  rotation  to  the  right  or  left.  Or  we  may  express  the  result  thus:— When  the  angle  of 
elevation  and  the  angle  of  deviation  have  the  same  sign  ( +  or  -  ),  then  the  rotation  of  the  eye- 
ball is  negative  ;  wlien,  however,  the  signs  are  unequal,  the  rotation  is  positive.  In  order  to 
make  the  circular  rotation  visible  in  one's  own  eye,  accommodate  one  eye  for  a  surface  divided 
by  vertical  and  horizontal  lines  until  a  positive  after-image  is  produced,  and  then  rapidly  rotate 
the  eye  into  the  third  position.  The  lines  of  the  after-image  then  form  angles  with  the  lines 
of  tlic  background.  As  the  position  of  the  vertical  meridian  of  the  eye  is  important  from  a 
practical  point  of  view,  it  is  necessary  to  note  that,  in  the  primary  and  secondary  positions  of 
the  eyes,  the  vertical  meridian  retains  its  vertical  position.    On  looking  to  the  left  and  up- 


Fig.  566. 

Scheme  of  the  action  of  the  ocular  muscles. 

wards,  or  to  the  right  and  downwards,  the  vertical  meridians  of  both  eyes  are  turned  to  the 
left ;  conversely,  they  are  turned  to  the  right  on  looking  to  the  left  and  downwards,  or  to  the 
right  and  upwards. 

In  the  secondary  j)ositions  of  the  eye,  rotation  of  the  axis  of  the  eye  never  occurs  (Listing). 
Very  slight  rolling  of  the  eyes  occurs,  however,  when  the  head  is  inclined  towards  the  shoulder, 
and  in  the  direction  opposite  to  that  of  the  head,  it  is  about  1°  for  every  10"  of  inclination  of 
the  head  (Skrebitzk). 

Ocular  Muscles. — The  movements  of  tlie  eyeball  are  accomplislied  by  means  of 
the  four  straight  and  two  oblique  ocular  muscles.  In  order  to  understand  the 
action  of  each  of  these  muscles,  we  must  know  the  plane  of  traction  of  the  muscles 
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and  the  axis  of  rotation  of  the  eyeball.  The  plane  of  traction  is  found  by  the 
plane  lying  in  the  middle  of  the  origin  and  insertion  of  the  muscle  and  the  point 
of  rotatioifof  the  eyeball.  The  axis  of  rotation  is  always  at  right  angles  to  the 
plane  of  traction  in  the  point  of  rotation  of  the  eyeball. 

1.  The  rectus  internus  (I)  and  extemus  (E)  rotate  the  eye  almost  exactly  inwards 
and  outwards  (fig.  566).  The  plane  of  traction  lies  in  the  plane  of  the  paper  ;  Q, 
E,  is  the  direction  of  the  traction  of  the  external  rectus,;  I,  that  of  the  internal. 
The  axis  of  rotation  is  in  the  point  of  rotation,  O,  at  right  angles  to  the  plane  of 
the  paper,  so  that  it  coincides  with  the  vertical  axis  of  the  eyeball.  2.  The  axis 
of  rotation  of  the  R.  superior  and  inferior  (the  dotted  line,  R.  sup.,  R.  inf.), 
lies  in  the  horizontal  plane  of  separation  of  the  eye,  but  it  forms  an  angle  of  about 
20°  with  the  transverse  axis  (Q,  Qj)  ;  the  direction  of  the  traction  for  both  muscles 
is  indicated  by  the  line,  s,  i.  IJy  the  action  of  these  muscles,  the  cornea  is  turned 
upwards  and  slightly  inwards,  or  downwards  and  slightly  inwards.  3.  The  axis 
of  rotation  of  both  oblique  muscles  (the  dotted  lines,  Obi.  sup.  and  Obi.  inf.)  also  lies 
in  the  horizontal  plane  of  separation  of  the  eyeball,  and  it  forms  an  angle  of  60°  with 
the  transverse  axis.  The  direction  of  the  traction  of  the  inferior  oblique  gives  the 
line,  a,  b ;  that  of  the  superior,  the  line,  c,  d.  The  action  of  these  muscles,  there- 
fore, is  in  the  one  case  to  rotate  the  cornea  outwards  and  upwards,  and  in  the  other 
outwards  and  downwards.  These  actions,  of  course,  only  obtain  when  the  eyes  are  in 
the  primary  position — in  every  other  position  the  axis  of  rotation  of  each  muscle 
changes. 

When  the  eyes  are  at  rest,  the  muscles  are  in  equilibrium.  Owing  to  the  power 
of  the  internal  recti,  the  visual  axes  converge  and  would  meet,  if  prolonged  40 
centimetres  in  front  of  the  eye.  In  the  movements  of  the  eyeball,  one,  two,  or 
three  muscles  may  be  concerned.  One  muscle  acts  only  when  the  eye  is  moved 
directly  outwards  or  inwards,  especially  the  internal  and  external  rectus.  Tim 
muscles  act  when  the  eyeball  is  moved  directly  upwards  (superior  rectus  and  inferior 
oblique)  or  downwards  (inferior  rectus  and  superior  oblique).  Three  muscles  are 
in  action  when  the  eyeballs  take  a  diagonal  direction,  especially  for  inwards  and 
iqnvards,  by  the  internal  and  the  superior  rectus  and  inferior  oblique  ;  for  imoards 
and  doiumvards,  the  internal  and  inferior  rectus  and  superior  oblique  ;  for  ouiivards 
and  dovjmoards,  the  external  and  inferior  rectus  and  superior  oblique  ;  for  outivards 
and  ^ipimrds,  the  external  and  superior  rectus  and  inferior  oblique. 

[The  following  table  shows  the  action  of  the  muscles  of  the  eyeball : — 


Imoards, 
Outioards, 

Upwards, 

Dmtmwards, 

Imoards  and, 
upioards. 


the 


Rectus  internus. 
Eectus  extemus. 
f  Rectus  superior. 
\  Obliquus  inferior. 
/  Rectus  inferior. 
\  Obliquus  superior. 
C  Rectus  internus. 
-|  Rectus  superior. 
(  Obliquus  inferior. 


Imoards  and 
downwards, 

Outioards  and 
upioards, 

OiUwards  and 
dowmoards. 


Rectus  internus. 
Rectus  inferior. 
Obliquus  superior. 
Rectus  extern  us. 
Rectus  superior. 
Obliquus  inferior. 
Rectus  externus. 
Rectus  inferior. 


t    Obliquus  superior.] 

movements  of  the  eyeballs  by  means  of  a  model,  which  he  called 


the 


Ruete  imitated 
ophthaltnotrope. 

The  size  of  the  eyeball  and  its  length  diminish  with  age.  The  mobility  is  less  in  the  vertical 
than  in  the  lateral  direction,  and  less  upwards  than  downwards.  The  normal  and  myopic  eye 
can  be  moved  more  outwards,  and  the  long-sighted  eye  more  inwards,  the  external  and  internal 
recti  act  most  when  the  eye  is  moved  outwards,  the  obliqui  when  it  is  rotated  inwards.  An 
eye  can  be  turned  inwards  to  a  greater  extent  when  the  other  ej'e  at  the  same  time  is  turned 
outAvards  than  when  the  other  is  turned  inwards.  During  near  vision,  the  rio-ht  eye  can  be 
turned  less  to  the  right,  and  the  left  to  the  left,  than  during  distant  vision  {Hering). 

^  Simultaneous  Ocular  Movements.— Both  eyes  are  always  moved  simultaneously. 
Even  when  one  eye  is  quite  blind,  the  ocular  muscles  move  when  the  whole  eyeball 
is  excited.    When  the  head  is  straight,  the  movements  always  take  place  so  that 
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both  visual  planes  (visual  axes)  lie  in  tlie  same  plane.  In  front  both  visual  axes 
can  diverge  only  to  a  trifling  extent,  while  they  can  converge  considerably.  If 
individual  ocular  muscles  are  paralysed,  the  position  of  the  visual  axis  in  the  same 
place  is  disturbed,  and  squinting  results,  so  that  the  patient  no  longer  can  direct 
both  visual  axes  simultaneously  to  the  same  point,  but  be  directs  the  one  eye  after 
the  other.  Even  nystagmus  (p.  721)  occurs  in  both  eyes  simultaneously,  and  in 
the  same  direction.  The  innate  simultaneous  movement  of  both  eyes  is  spoken  of 
as  an  associated  movement  {Joh.  Mailer).  E.  Hering  showed  that  in  all  ocular 
movements  there  is  a  tmiformity  of  the  innervation  as  well.  Even  during  such 
movements,  in  which  one  eye  apparently  is  at  rest,  there  is  a  movement,  due  to  the 
action  of  two  antagonistic  forces,  the  movements  resulting  in  a  slight  to  and  fro 
motion  of  the  eyeball. 

The  motor  nerves  of  the  ocular  muscles  are  the  oculomotorius  (§  345),  the  trochlcaris  (§  346), 
and  the  abduceiis  (§  348).  The  centre  lies  in  the  corpora  quadiigeiuiua,  and  below  it  (§  379), 
and  partly  in  the  medulla  oblongata  (§  379). 

400.  BINOCULAR  VISION.— Advantages.— Vision  with  both  eyes  affords 
the  following  advantages  : — (1)  The  field  of  vision  of  both  eyes  is  considerably 
larger  than  that  of  one  eye.  (2)  The  perception  of  depth  is  rendered  easier,  as  the 
retinal  images  are  obtained  from  two  different  points.  (3)  A  more  exact  estimate 
of  the  distance  and  size  of  an  object  can  be  formed,  in  consequence  of  the  perception 
of  the  degree  of  convergence  of  both  eyes.  (4)  The  correction  of  certain  errors  in 
the  one  eye  is  rendered  possible  by  the  other. 

When  tlie  position  of  the  head  is  fixed,  we  can  easily  form  a  conception  as  to  the  form  of  the 
entire  field  of  vision  if  we  close  one  eye  and  direct  the  open  eye  inwards.  We  observe  that  it  is 
pear-shaped,  broad  above  and  smaller  below,  the  silhouette,  or  profile  of  the  nose,  causes  the 
depression  between  the  upper  and  lower  part  of  the  field. 

401.  IDENTICAL    POINTS- HOROPTER. —Identical    Points.— If  we 

imagine  the  retinie  of  both  eyes  to  be  a  pair  of  hollow  saucers  placed  one  within  the 
other,  so  that  the  yellow  spots  of  both  eyes  coincide,  and  also  the  similar  quadrants  of 
the  retinae,  then  all  those  points  of  both  retin?e  which  coincide  or  cover  each  other  are 
called  "  identical "  or  "  corresponding  points  "  of  the  retina.  The  two  meridians 
which  separate  the  quadrants  coinciding  with  each  other  are  called  the  "lines  of 
separation."  Physiologically,  the  identical  points  are  characterised  by  the  fact 
that,  when  they  are  both  simultaneously  excited  by  light,  the  excitement  proceeding 
from  them  is,  by  a  psychical  act,  referred  to  one  and  the  same  point  of  the  field  of 
vision,  lying,  of  course,  in  a  direction  through  the  nodal  point  of  each  eye.  Stimu- 
lation of  hotJi  identical  points  causes  only  one  image  in  the  field  of  vision.  Hence 
all  those  objects  of  the  external  world,  whose  rays  of  light  pass  through  the  nodal 
points  to  fall  upon  identical  points  of  the  retina,  are  seen  siwjly,  because  their 
images  from  both  eyes  are  referred  to  the  same  point  of  the  field  of  vision,  so  that 
they  cover  each  other.  All  other  objects  whose  images  do  not  fall  upon  identical 
points  of  the  retina  cause  double  vision,  or  diplopia. 

Proofs. — If  we  look  at  a  linear  object  with  the  points  1,  2,  3,  then  the  corresponding  retinal 
images  are  1,  2,  3  and  1,  2,  3,  which  are  obviously  identical  points  of  the  retinaj  (lig.  567).  If, 
while  looking  at  this  line,  there  be  a  point,  A,  nearer  the  eyes,  or  B,  further  from  them,  then, 
on  focussing  for  1,  2,  3,  neither  the  rays  (A,  a,  A,  a)  coming  from  A,  nor  those  (B,  h,  B,  li)  from 
B,  fall  upon  identical  points  ;  hence  A  and  B  appear  double. 

Make  a  point  {e.g.,  2)  with  ink  on  paper  ;  of  course  the  image  will  fall  upon  both  foveix;  cen- 
trales of  the  retina}  (2,  2),  which  of  course  are  identical  points.  Now  press  laterally  upon  one 
eye,  so  as  to  displace  it  slightly,  then  two  points  at  once  appear,  because  the  image  of  the  point 
no  iono-er  falls  upon  the  fovea  centralis  of  the  displaced  eye,  but  on  an  adjoining  non-identical 
part  of  the  retina.    When  we  squint  voluntarily  all  objects  appear  double. 

The  vertical  surfaces  of  separation  of  the  retina  do  not  exactly  coincide  with  the  vertical 
meridians.  There  is  a  certain  amount  of  divergence  (0-5°-3°),  less  above,  which  varies  in 
different  individuals,  and  it  may  be  in  the  same  individual  at  different  times  {Herincj).  The 
horizontal  lines  of  separation,  however,  coincide.    Images  which  fall  upon  the  vertical  lines  of 
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soniritinn  a.mear  to  be  vertical  to  those  on  the  horizontal  lines,  although  they  are  not  actually 
H  nce^  S  v°  Seal  lines  of  separation  are  the  apparent  vertical  meridians.  Some 
observers  re'rar  1  the  identical  points  of  the  retina  as  an  acqiurcd  arrangement ;  others  regard  it 
TnovmJlf innate.  Persons  who  have  had  a  squint  from  their  birth  see  singly;  m  these 
cases,  the  identical  points  must  be  differently  disposed. 

The  horopter  represents  all  those  points  of  the  outer  world  from  which  rays  of 


Fig.  567.  Fig.  568. 

Scheme  of  identical  and  non-identical  points       Horopter  for  the  secondary  position,  with 
of  the  retina.  convergence  of  the  visual  axes. 

light  passing  into  both  eyes  fall  upon  identical  points  of  the  retina,  the  eyes  being 
in  a  certain  position.    It  varies  with  the  different  positions  of  the  eyes. 

1.  In  the  primary  position  of  both  eyes  with  the  visual  axes  parallel,  the  rays  of  direction 
proceeding  from  two  identical  points  of  the  two  retin;e  are  parallel  and  intersect  only  at 
infinity.    Hence  for  the  primary  position  the  horopter  is  a  plane  in  infinity. 

2.  In  the  secondary  position  of  the  eyes  with  converging  visual  axes,  the  horopter  for  the 
transverse  lines  of  separation  is  a  circle  which  passes  througli  the  nodal  points  of  both  eyes  (fig. 
568,  K,  K),  and  through  the  fixed  points  I,  II,  III.  The  horopter  of  the  vertical  lines  of 
separation  is  in  this  position  vertical  to  the  plane  of  vision. 

3.  lu  the  symmetrical  tertiary  position,  in  which  the  horizontal  and  vertical  lines  of 
separation  form  an  angle,  the  horopter  of  the  vertical  lines  of  sejiaration  is  a  straight  line 
inclined  towards  the  horizon.  There  is  no  horopter  for  the  identical  points  of  the  horizontal 
lines  of  separation,  as  the  lines  of  direction  prolonged  from  the  identical  points  of  these  points 
do  not  intersect. 

4.  In  the  unsymmetrical  tertiary  position  (with  rolling)  of  the  eyes,  in  which  the  fixed  point 
lies  at  unequal  distances  from  both  nodal  points,  the  horopter  is  a  curve  of  a  complex  form. 

All  objects,  the  rays  proceeding  from  which  fall  upon  non-identical  points  of  the 
retinae,  appear  double.  We  can  distinguish  direct  or  crossed  double  images,  accord- 
ing as  the  rays  prolonged  from  the  non-identical  points  of  the  retina  intersect  in 
front  of  or  behind  the  fixed  point. 

Experiment. — Hold  two  fingers — the  one  behind  the  other — before  both  eyes.  Accommo- 
date for  the  far  one  and  then  the  near  one  appears  double,  and  when  we  accommodate  for  the 
near  one  the  far  one  appears  double.  If,  when  accommodating  for  the  near  one,  the  right  eye 
be  closed,  the  left  (crossed)  image  of  the  far  finger  disappears.  On  accommodating  for  the 
far  finger  and  closing  the  right  eye,  the  right  (direct)  double  image  of  the  near  finger 
disappears. 

Double  images  are  referred  to  the  proper  distance  from  the  eyes,  just  as  single 
images  are. 
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Neglect  of  Double  Images. — Notwithstanding  the  very  large  number  of  double 
images  which  must  be  formed  during  vision,  they  do  not  disturb  vision.  As  a 
general  rule  they  are  "  neglected,"  so  that  the  attention  must,  as  a  rule,  be  directed 
to  them  before  they  are  perceived.    This  condition  is  favoured  thus : — 

1.  The  attention  is  always  directed  to  the  point  of  the  field  of  vision  which  is  accommodated 
for  at  the  time.  The  image  of  this  part  is  projected  on  to  both  yellow  spots,  which  are 
identical  points  of  the  retina. 

2.  The  form  and  colour  of  objects  on  the  lateral  parts  of  the  retina  are  not  perceived  so 
sharply. 

3.  The  eyes  are  always  accommodated  for  those  points  which  are  looked  at.  Hence, 
indistinct  images  with  diffusion  circles  are  always  formed  by  those  objects  which  yield  double 
images,  so  that  they  can  be  more  readily  neglected. 

4.  Alany  double  images  lie  so  close  together  that  the  greater  part  of  them,  when  the  images 
are  large,  covers  the  other. 

5.  By  practice  images  which  do  not  exactly  coincide  may  be  united. 

402.  STEREOSCOPIC  VISION.— On  looking  at  an  object,  both  eyes  do  not 
yield  exactly  similar  images  of  that  object — the  images  are  slightly  different, 
because  the  two  eyes  look  at  the  object  from  two  differ-  ^  C    a  r 

ent  points  of  view.  With  the  right  eye  we  can  see  ^ 
more  of  the  side  of  the  body  directed  towards  it,  and 
the  same  is  the  case  with  the  left  eye.  Notwithstand- 
ing this  inequality,  the  two  images  are  united.  How 
two  different  images  are  combined  is  best  understood 
by  analysing  the  stereoscopic  images. 

Let,  in  fig.  569,  L  and  R  represent  two  such  images  as  are  L  R 

obtained  with  the  left  and  right  eyes.    These  images,  when  Fig.  569. 

seen  with  a  stereoscope,  look  like  a  truncated  pyramid,  which  fyyo  stereoscopic  drawings, 
projects  towards  the  eye  of  the  observer,  as  the  points  indicated  ° 
by  the  same  signs  cover  each  other.  On  measuring  the  distance  of  the  points,  which  coincide 
or  cover  each  other  in  both  figures,  we  find  that  the  distances  A,  a,  B,  b,  C,  c,  D,  d  are  equally 
great,  and  at  the  same  time  are  the  ividesl  of  all  the  points  of  both  figures  ;  the  distances  E,  e, 
^>  />  (J,  H,  h  are  also  equal,  but  are  smaller  than  the  former.  On  looking  at  the  coincid- 
ing lines  (A,  E,  a,  e,  and  B,  F,  h,  f),  we  observe  that  all  the  points  of  this  line  which  lie  nearer 
to  A  a  and  B  h  are  further  apart  than  those  lying  nearer  E  c  and  F  /. 

Comparing  these  results  with  the  stereoscopic  image,  we  have  the  following  laws 
for  stereoscopic  vision: — 1.  All  those  points  of  two  stereoscopic  images,  and  of 
course  of  two  retinal  images  of  an  object,  which  in  both  images  are  equally  distant 
from  each  other,  appear  on  the  same  plane.  2.  All  points  which  are  nearer  to  each 
other,  compared  with  the  distance  of  other  points,  appear  to  be  nearer  to  the 
observer.  3.  Conversely,  all  points  which  lie  further  apart  from  each  other  appear 
perspectively  in  the  background. 

The  cause  of  this  phenomenon  lies  in  the  fact  that,  "  in  vision  with  both  eyes 
we  constantly  refer  the  position  of  the  individual  images  in  the  direction  of  the 
visual  axis  to  where  they  both  intersect." 

Proofs. — The  following  stereoscopic  experiment  proves  this  (fig.  570)  : — Take  both  images  of 
two  pairs  of  points  (a,  h,  and  a,  which  are  at  unequal  distances  from  each  other  on  the 
surface  of  the  paper.  By  means  of  small  stereoscopic  prisms  cause  them  to  coincide,  then  the 
combined  point,  A  of  «,  and  o  appears  at  a  distance  on  the  plane  of  the  paper,  while  the  other 
point,  B,  produced  by  the  superposition  of  h  and  )8,  floats  in  the  air  before  the  observer.  Fig. 
570  shows  how  this  occurs.  The  following  experiment  shows  the  same  result  : — Draw  two 
ficrures,  which  are  to  be  superposed  similar  to  the  lines  B,  A,  A,  E,  I,  a,  and  a,  c,  in  fig.  569. 
In  the  lines  B,  A,  and  b,  a,  all  the  points  which  are  to  be  superposed  lie  equally  distant  from 
each  other,  while,  on  the  contrary,  all  the  points  in  A,  E,  and  a,  c,  which  lie  nearer  E  and  c, 
are  constantly  nearer  to  each  other.  When  looked  at  with  a  stereoscope,  the  superposed 
verticals,  A,  e,  and  B,  b,  lie  in  the  plane  of  the  paper,  while  the  superposed  lines.  A,  o,,  and  E, 
c,  project  obliquely  towards  the  observer  from  the  plane  of  the  paper.  Froni  these  two 
fundamental  experiments  we  may  analyse  all  pairs  of  stereoscopic  pictures.  Thus,  in  fig.  569, 
if  we  exchange  the  two  pictures,  so  that  R  lies  in  the  place  of  L,  then  we  must  obtain  the 
impression  of  a  truncated  hollow  pyramid. 
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Two  stereoscopic  pictures,  which  are  so  constructed  that  the  one  contains  the  body  from  the 
front  and  above,  and  the  other  it  from  the  front  and  below  (suppose  in  hg.  569  the  lines  A  H, 
and  a  b,  were  the  ground  lines),  can  never  be  superposed  by  means  of  the  stereoscope. 

This  process  has  been  explained  in  another  way.  Of  the  two  figures,  R  and  L 
(fig.  569),  only  A  BCD,  and  ahcd,  fall  upon  identical  points  of  the  retina,  hence 
these  alone  can  be  superposed  ;  or,  when  there  is  a  different  convergence  of  the 
visual  axis,  only  E  F  G  H,  and  e  /  g  h,  can  be  superposed  for  the  same  reason. 
Suppose  the  square  ground  surfaces  of  the  figures  are  first  superposed,  in  order  to 
explain  the  stereoscopic  impression,  it  is  further  assumed  that  both  eyes,  after 
superposition  of  the  ground  squares,  are  rapidly  moved  towards  the  apex  of  the 


Fig.  571. 

Wlieatstone's  stereoscope.  Scheme  of  Brewster's  stereoscope. 

pyramid.  As  the  axis  of  the  eyes  must  thereby  converge  more  and  more,  the  apex 
of  the  pyramid  appears  to  project;  as  all  points  which  require  the  convergence  of 
the  eyes  for  their  vision  appear  to  us  to  be  nearer  (see  below).  Thus,  all  corre- 
sponding parts  of  both  figures  would  be  brought,  one  after  the  other,  upon  identical 
points  of  the  retina  by  the  movements  of  the  eyes  {Briicke). 

It  has  been  urged  against  this  view  that,  the  duration  of  an  electrical  spark 
suffices  for  stereoscopic  vision  (Dove) — a  time  which  is  quite  insufficient  for  the 
movements  of  the  eyes.  Although  this  may  be  true  for  many  figures,  yet  in  the 
correct  combination  of  complex  or  extraordinary  figures,  these  movements  of  the 
visual  axes  are  not  excluded,  and  in  many  individuals  they  are  distinctly  advan- 
tageous. Not  only  the  actual  movements  necessary  for  this  act,  but  the  sensa- 
tions derived  from  the  muscles  are  also  concerned. 

When  two  figures  are  momentarily  combined  to  form  a  stereoscopic  picture,  there 
being  no  movement  of  the  eyes,  clearly  many  points  in  the  stereoscopic  pictures  are 
superposed  which,  strictly  speaking,  do  not  fall  upon  identical  points  of  the  retina. 
Hence  we  cannot  characterise  the  identical  points  of  the  retina  as  coinciding 
mathematically  ;  but  from  a  physiological  point  of  view  we  must  regard  such  points 
as  identical,  which,  as  a  rule,  by  simultaneous  stimulation,  give  rise  to  a  single 
image.  The  mind  obviously  plays  a  part  in  this  combination  of  images.  There 
is  a  certain  psychical  tendency  to  fuse  the  double  images  on  the  retinae  into  one 
image,  in  accordance  with  the  fact  that  we,  from  experience,  recognise  the 
existence  of  a  single  object.    If  the  differences  between  two  stereoscopic  pictures 
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be  too  great,  so  that  parts  of  the  retina  too  wide  apart  are  excited  thereby,  or 
when  new  lines  are  present  in  a  picture,  and  do  not  admit  of  a  stereoscopic  effect, 
or  disturb  the  combination,  then  the  stereoscopic  effect  ceases. 

The  stereoscope  is  an  instrument  by  means  of  which  two  somewhat  similar  pictures  drawn 
in  perspective  may  be  superposed  so  that  they  appear  single.  AVheatstone  (1838)  obtained  this 
result  by  means  of  two  minors  placed  at  an  angle  (fig  570);  Brewster  (1843)  by  two  prisms  (fig. 
571).    The  construction  and  mode  of  action  are  obvious  from  the  illustrations. 

Some  pairs  of  two  such  pictures  may  be  combined,  without  a  stereoscope,  by  directing  the 
visual  axis  of  each  eye  to  the  picture  held  opposite  to  it. 

Two  completely  identical  pictures,  i.e.,  in  which  all  corresponding  points  have  exactly  the 
same  relation  to  each  other  as  the  same  sides  of  two  copies  of  a  book,  appear  quite  flat  under 
the  stereoscope  ;  as  soon,  however,  as  in  one  of  them  one  or  more  points  alters  its  relation  to 
the  corresponding  points,  this  point  either  projects  or  recedes  from  the  plane. 

Telestereoscope. — AVhen  objects,  placed  at  a  great  distance,  are  looked  at,  e.g.,  the  most 
distant  part  of  a  landscape,  they  appear  to  us  to  be  flat,  as  in  a  picture,  and  do  not  stand  out, 
because  the  slight  differences  of  position  of  our  eyes  in  the  head  are  not  to  be  compared  with 
the  great  distance.  In  order  to  obtain  a  stereoscopic  view  of  such  objects,  v.  Helmholtz 
constructed  the  telestereoscope  (fig.  572),  an  apparatus  which  by  means  of  two  parallel  mirrors, 
places,  as  it  were,  the  point  of  view  of  both  eyes  wider  apart. 
Of  the  mirrors,  L  and  R  each  projects  its  image  of  the  landscape 
upon  I  and  r,  to  which  both  eyes,  0,  0,  are  directed.  Accord- 
ing to  the  distance  between  L  and  R  the  eyes,  O,  0,  as  it  were, 
are  displaced  to  0„  0,.  The  distant  landscape  appears  like  a 
stereoscopic  view.  In  order  to  see  distant  parts  more  clearly 
and  nearer,  a  double  telescope  or  opera-glass  may  be  placed  in 
front  of  the  eyes. 

Take  two  corresponding  stereoscopic  pictures,  with  the  surfaces 
black  in  one  case  and  light  in  the  other.  Draw  two  truncated 
pyramids  like  fig.  569,  make  one  figure  exactly  like  L,  i.e., 


Fig.  572. 


Helmholtz. 


Fig.  573. 
Wheatstone's  Pseudoscope. 


Telestereoscope  of  v. 

with  a  white  surface  and  black  lines,  and  the  other  with  white  lines  and  a  black  surface,  then 
under  the  stereoscope  such  objects  glance.  The  cause  of  the  glancing  condition  is  that  the 
clancing  body  at  a  certain  distance  reflects  bright  light  into  one  eye  and  not  into  the  other, 
because"a  ray  reflected  at  an  angle  cannot  enter  both  eyes  simultaneously  (Dove). 

Wheatstone's  Pseudoscope  consists  of  two  right-angled  prisms  (fig.  573,  A  and  B)  enclosed 
in  a  tube  throu'di  which  we  can  look  in  a  direction  parallel  with  the  surfaces  of  the 
hvpothenu'ses  If  a  spherical  surface  be  looked  at  with  this  instrument,  the  image  formed  in 
each  eye  is  inverted  laterally.  The  right  eye  sees  the  view  usually  obtained  by  the  left  eye, 
and  conversely ;  the  shadow  which  the  body  in  the  light  throws  upon  a  light  ground  is  reversed. 

Hence  the  ball  appears  hollow.  r  1  r    xt.   r  n  • 

Struggle  of  the  Fields  of  Vision.— The  stereoscope  is  also  useful  for  the  following  purpose  :— 
In  vision  with  both  eyes,  both  eyes  are  almost  never  active  simultaneously  and  to  the  same 
extent  •  both  undergo  variations,  so  that  first  the  impression  on  the  one  retina  and  then  that  on 
tiie  other  is  stronger.  If  two  ditt'erent  surfaces  be  placed  in  a  stereoscope,  then,  especially  when 
they  are  luminous,  these  two  alternate  in  the  general  field  of  vision,  according  as  one  or  other 
eve  is  active  {Faimm).  Take  two  surfaces  with  lines  ruled  on  them,  so  that  when  the  surfaces 
are  superposed  the  lines  will  cross  each  other,  then  either  the  one  or  the  other  system  of  lines  is 
more  prominent  {Panum).  The  same  is  true  with  coloured  stereoscopic  figures,  so  that  there  is 
a  contest  or  struggle  of  the  coloured  fields  of  vision. 

403.  ESTIMATION  OF  SIZE  AND  DISTANCE.— Size.— We  estimate  the 
size  of  an  object— apart  from  all  other  factors— from  the  size  of  the  retinal  image  ; 
thus  the  moon  is  estimated  to  be  larger  than  the  stars.    If,  while  looking  at  a 


792 


ESTIMATION  OF  SIZE  AND  DISTANCE, 


distant  landscape,  a  fly  should  suddenly  pass  across  our  field  of  vision,  near  to  our 
eye,  then  the  image  of  the  fly,  owing  to  the  relatively  great  size  of  the  retinal 
image,  may  give  one  the  impression  of  an  object  as  large  as  a  bird.  If,  owing  to 
defective  accommodation,  the  image  gives  rise  to  diffusion  circles,  the  size  may 
appear  to  be  even  greater.  But  objects  of  very  unequal  size  give  equally  large 
retinal  images,  especially  if  they  are  placed  at  such  a  distance  that  they  form  the 
same  visual  angle  (fig.  531) ;  so  that  in  estimating  the  actual  size  of  an  object, 
as  opposed  to  the  apparent  size  determined  by  the  visual  angle,  the  estimate  of 
distance  is  of  the  greatest  importance. 

As  to  the  distance  of  an  object,  we  obtain  some  information  from  the  feeling  of 
accommodation,  as  a  greater  effort  of  the  muscle  of  accommodation  is  required  for 
exact  vision  of  a  near  object  than  for  seeing  a  distant  one.  But,  as  with  two 
objects  at  unequal  distances  giving  retinal  images  of  the  same  size,  we  know  from 
experience  that  that  object  is  smaller  which  is  near,  then  that  object  is  estimated 
to  be  the  smaller  for  which,  during  vision,  we  must  accommodate  more  strongly. 

In  this  way  we  explain  the  following  : — A  person  beginning  to  use  a  microscope  always  ob- 
serves with  his  eyes  accommodated  for  a  near  object,  while  one  used  to  the  microscope  looks 
through  it  without  accommodating.  Hence  beginners  always  estimate  microscopic  objects  as 
too  small,  and  on  making  a  drawing  of  them  it  is  too  small.  If  we  produce  an  after-image  in 
one  eye,  it  at  once  appears  smaller  on  accommodating  for  a  near  object,  and  again  becomes 
larger  during  negative  accommodation.  If  we  look  with  one  eye  at  a  small  body  placed  as  near 
as  possible  to  the  ej^e,  then  a  body  lying  behind  it,  but  seen  only  indirectly,  appears  smaller. 

Angle  of  Convergence  of  Visual  Axes. — In  estimating  the  size  of  an  object, 
and  taking  into  account  ou.r  estimate  of  its  distance,  we  also  obtain  much  more 
important  information  from  the  degree  of  convergence  of  the  visual  axes.  We  refer 
the  position  of  an  object,  viewed  with  both  eyes,  to  the  point  where  both  visual  axes 
intersect.  The  angle  formed  by  the  two  visual  axes  at  this  point  is  called  the 
"angle  of  convergence  of  the  visual  axes"  ("  Gesichtsvrinkel ").  The  larger,  there- 
fore, the  visual  angle,  the  size  of  the  retinal  image  remaining  the  same — we  judge 
the  object  to  be  nearer.    The  nearer  the  object  is,  it  may  be  the  smaller,  in  order 

to  form  a  "  visual  angle "  of  the  same  size, 
such  as  a  distant  large  object  would  give. 
Hence,  we  conclude,  that  with  the  same  appa- 
rent size  (equally  large  visual  angle,  or  retinal 
images  of  the  same  size)  we  judge  that  object 
to  be  smallest  which  gives  the  greatest  con- 
vergence of  the  visual  axes  during  binocular 
vision.  As  to  the  muscular  exertion  necessary 
for  this  purpose,  w^e  obtain  information  from 
the  muscular  sense  of  the  ocular  muscles. 


Experiments  and  Proofs— The  chess-board  pheno- 
menon of  H.  Meyer.— 1.  If  wc  look  at  a  uniform 
chess-board-like  pattern  (tapestry  or  carpet),  then, 
when  the  visual  axes  are  directed  directly  forwards, 
the  spaces  on  the  pattern  appear  of  a  certain  size.  If, 
now,  we  look  at  a  nearer  object,  we  may  cause  the 
visual  axes  to  cross,  when  the  pattern  apparently  moves 
towards  the  plane  of  the  fixed  point,  so  that  the  crossed 
double  images  are  superposed,  and  the  pattern  at  once 
appears  smaller. 

2.  RoUett  looks  at  an  object  through  two  thick 
prisms  of  glass  placed  at  an  angle.  The  plates  are  at 
one  time  so  placed  that  the  apex  of  the  angle  is 
directed  towards  the  obsei-vcr  (fig.  574,  II),  at  another  in  the  reverse  position  (I).  If  both  eyes 
/and  i,  are  to  see  the  object  a,  in  I,  then  as  the  glass  plates  so  displace  the  rays,  a,  c,  and  a,  f/' 
as  to  make  them  parallel  with  the  direction  of  these  rays,  viz.,  e, /,  and  h,  i,  then  the  eyes 
must  converge  more  than  when  they  are  turned  directly  towards  a.  Hence  the  object  appears 
nearer  and  smaller,  as  at  a.    In  II,  the  rays,     k,  and  h-^  o,  from  the  nearer  object  h^,  fall  upon 


Fig.  574. 
Rollett's  glass  plate  apparatus. 
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the  glass  plates.  In  order  to  see  6j,  the  eyes  {n  and  q)  must  diverge  more,  so  that  b  appears 
more  distant  and  larger. 

3.  In  looking  through  JVJiccdstone' s  reflecting  stereoscope  (fig.  571),  it  is  obvious  that  the  more 
the  two  images  approach  the  observer,  the  more  must  the  observer  converge  his  visual  a.xes, 
because  the  angles  of  incidence  and  reflexion  are  greater.  Hence  the  compound  picture  now 
appears  to  him  to  be  smcdler.  If  the  centre  of  the  image,  R,  recedes  to  Rj,  then  of  course  the 
angle,  Su,  rp,  is  equal  to  Sj,  rRj,  and  the  same  on  the  left  side. 

4.  In  iising  the  tclestereoscope,  the  two  eyes  are,  as  it  were,  separated  from  each  other,  then 
of  course  in  looking  at  objects  at  a  certain  distance  the  convergence  of  the  visual  axes  must  be 
greater  than  in  normal  vision.  Hence,  objects  in  a  landscape  appear  as  in  a  small  model.  But 
as  we  are  accustomed  to  infer  that  such  small  objects  are  at  a  great  distance,  hence  the  objects 
themselves  appear  to  recede  in  the  distance. 

Estimation  of  Distance. — When  the  retinal  images  are  of  the  same  size,  we 
estimate  the  distance  to  be  greater  the  less  the  effort  of  accommodation,  and  con- 
versely. In  binocular  vision,  when  the  retinal  images  are  of  the  same  size,  we 
infer  that  that  object  is  most  distant  for  which  the  optic  axes  are  least  converged, 
and  conversely.  Thus,  the  estimation  of  size  and  distance  go  hand  in  hand,  in 
great  part  at  least,  and  the  correct  estimation  of  the  distance  also  gives  us  a  correct 
estimate  of  the  size  of  objects  (Descartes).  A  further  aid  to  the  estimation  of 
distance  is  the  observation  of  the  appcwent  displacevmit  of  objects,  on  moving  our 
head  or  body.  In  the  latter,  especially,  lateral  objects  appear  to  change  their 
position  toward  the  background,  the  nearer  they  are  to  us.  Hence,  when  travel- 
ling in  a  train,  in  which  case  the  change  of  position  of  the  objects  occurs  very 
rapidly,  the  objects  themselves  are  regarded  as  nearer,  and  also  smaller  (Dove). 
Lastly,  those  objects  appear  to  us  to  be  nearest  which  are  most  distinct  in  the  field 
of  vision. 

Example. — A  light  in  a  dark  landscape,  and  a  dazzling  crown  of  snow  on  a  hill,  appear  to  be 
near  to  us ;  looked  at  from  the  top  of  a  high  mountain,  the  silver  glancing  curved  course  of  a 
river  not  unfrecjuently  ai>pears  as  if  it  were  raised  from  the  plane. 

False  Estimates  of  Size  and  Direction. — 1.  A  line  divided  by  intermediate  points  appears 
longer  tlian  one  not  so  divided.  Hence  the  heavens  do  not  appear  to  us  as  a  hollow  sphere, 
but  as  curved  like  an  ellipse ;  and  for  the  last  reason  the  disc  of 
the  setting  sun  is  estimated  to  be  larger  than  the  sun  when  it  is  in 
the  zenith.  2.  If  we  move  a  circle  slowly  to  and  fro  behind  a  slit, 
it  appears  as  a  horizontal  ellipse  ;  if  we  move  it  rapidly,  it  appears 
as  a  vertical  ellipse.  3.  If  a  very  fine  line  be  drawn  obliquely  across 
a  vertical  thick  black  line,  then  the  direction  of  the  fine  line  be- 
yond the  thick  one  appears  to  be  different  from  its  original 
direction.  4.  Zollner's  Lines. — Draw  three  parallel  horizontal 
lines  1  centimetre  apart,  and  through  the  upper  and  lower  ones 
draw  short  oblique  parallel  lines  in  the  direction  from  above  and 
the  left  to  below  and  the  right ;  through  the  middle  line  draw 
similar  oblique  lines,  but  in  the  opposite  direction,  then  the  three 
horizontal  lines  no  longer  appear  to  be  parallel.  [Fig.  575  sliows 
a  modification  of  this.    The  lines  are  actually  parallel,  although  Fig.  575. 

some  of  them  appear  to  converge  and  others  to  diverge.]    If  we  Zollner's  Lines, 

look  in  a  dark  room  at  a  bright  vertical  line,  and  then  bend  the 
head  towards  the  shoulder,  the  line  appears  to  be  bent  in  the  opposite  direction  {Auhert). 

404  PROTECTIVE  ORGANS  OF  THE  EYE.— I.  The  eyelids  are  represented  in  section  in 
ficT,  576.'  The  tarsus  is  in  reality  not  a  cartilage,  but  merely  a  rigid  plate  of  connective-tissue, 
in  which  the  Meibomian  glands  are  imbedded ;  acinous  sebaceous  glands  moisten  the  edges  of 
the  eyelids  with  fatty  matter.  At  the  basal  margin  of  the  tarsus,  especially  of  the  upper  one, 
close  to  the  reflection  of  the  conjunctiva,  open  the  acino-tubular  glands  of  Krause.  The  con- 
junctiva covers  the  anterior  surface  of  the  bulb  as  far  as  the  margin  of  the  cornea,  over 
which  the  epithelium  alone  is  continued.  On  the  posterior  surface  of  the  eyelid,  the  conjunctiva 
is  partly  provided  with  papillae.  It  is  covered  by  stratified  prismatic  epithelium.  Coiled  glands 
occur  in  ruminants  just  outside  the  margin  of  the  cornea,  while  outside  this,  towards  the  outer 
ano-le  of  the  eye  in  the  pig,  there  are  simple  glandular  sacs.  Waldeyer  describes  modified 
sweat  o-lands  in  the  tarsal  margins  in  man.  Small  lymphatic  sacs  in  the  conjunctiva  are  called 
trachoma  glands.  Krause  found  end-bulbs  in  the  conjunctiva  bulbi  (§  424).  The  blood-vessels 
in  the  conjunctiva  communicate  with  the  juice-canals  in  the  cornea  and  sclerotic  (p.  737). 
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The  secretion  of  the  conjunctiva,  besides  some  mucus,  consists  of  tears,  which  may  be  as 
abundant  as  that  formed  in  the  lachrymal  glands. 

Closure  of  the  eyelids  is  effected  by  the  orbicularis  palpebrarum  {facial  nerve, 

§  349),  whereby  the  upper  lid  falls 
in  virtue  of  its  own  weight.  This 
muscle  contracts — (1)  voluntarily  ; 
(2)  involuntarily  (single  contrac- 
tions) ;  (3)  reflexly  by  stimulation 
of  all  the  sensory  fibres  of  the  tri- 
geminus distributed  to  the  bulb  and 
its  immediate  neighbourhood  (§  347), 
also  by  intense  stimulation  of  the 
retina  by  light ;  (4)  continued  in- 
voluntary closure  occurs  during 
sleep. 

Opening  of  the  eyelids  is  brought 
about  by  the  passive  descent  of  the 
lower  one,  and  the  active  elevation 
of  the  upper  eyelid  by  the  levator 
palpebrae  superioris  (§  345).  The 
smooth  muscular  fibres  of  the  eye- 
lids also  aid  (p.  593),  In  looking 
downwards,  the  lower  eyelid  is 
pulled  downwards  by  bands  of  con- 
nective-tissue which  run  from  the 
inferior  rectus  to  the  inferior  tarsal 
cartilage  (Schwalbe). 

n.  The  lachrymal  apparatiis  consists 
of  the  lachrymal  glands,  which  in  stmc- 
ture  closely  resemble  the  parotid,  their 
acini  being  lined  by  low  cylindrical  granu- 
lar epithelium.    Four  to  five  larger,  and 
eight  to  ten  smaller  excretory  ducts  con- 
duct the  tears  above  the  outer  angle  of 
the  lid  into  the  fornix  conjunctivte.  The 
tear  ducts,  beginning  at  the  puncta 
lachrymalis,  are  composed  of  connective 
and   elastic-tissue,   and  are   lined  by 
stratified  squamous  epithelium.  Striped 
muscle  accompanies  the  duct,  and  by  its 
contraction  keeps  the  duct  open.  Toldt 
found  no   sphincter    surrounding  the 
Vertical  section  through  the  upper  eyelid.   A,  cutis  ;  P^incta  lachrymalia,  while  Gerlach  found 
1,  epidermis;  2,  chorium  ;  ^  and  3,  subcutaneous  an  incomplete  circular  musculature.  The 
connective-tissue  ;  C  and  7,  orbicularis  muscle ;  D,  connective-tissue  covering  of  the  tear  sac 
loose  sub-muscular  connective-tissue  ;  JE,  insertion  ^"^1  canal  is  united  with  the  adjoining 
ofH.  Miiller's  muscle  ;  i*',  tarsus  ;  ff,  conjunctiva  ;  periosteum.  The  thin  mucous  membrane, 
inner,  K,  outer  edge  of  the  lid;  4,  pigment-cells  ;  which  contains  much  adenoid  tissue  and 
5,  sweat  glands;  6,  hair  follicles;  8  and  23,  sections  lymph-cells,  is  lined  by  a  single  layer  of 
of  nerves;  9,  arteries;  10,  veins;  11,  cilia;  12,  modi-  ciliated  cylindrical  epithelium,  which, 
fied  sweat  glands  ;  13,  circular  muscle  of  Riolan  ;  l^'elo\y  passes  into  the  stratified  form.  The 
14,  Meibomian  gland  ;  15,  section  of  an  acinus  of  opening  of  the  duct  is  often  provided 
the  same  ;  16,  posterior  tarsal  glands  ;  18  and  19,  '^"ith  a  valve-like  fold  (Hasner's  valve), 
tissue  of  the  tarsus  ;  20,  pretarsal  or  sub-muscular      The  Conduction  of  the  tears  00- 
connective-tissue;  21  and  22,  conjunctiva,  with  its  i    .  i     i- i    "  "-^  "^""-^  ^'^ 

epithelium  ;  24,  fat ;  25,  loosely  woven  posterior  ^^^'^  between  the  lids  and  the  bulb 
end  of  the  tarsus;  26,  section  of  a  palpebral  artery.       means  of  capillarity,  the  closure 

of  the  eyelids  aiding  the  process. 
The  Meibomian  secretion  prevents  the  overflow  of  the  tears  [just  as  greasing  the 
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edge  of  a  glass  vessel  prevents  the  water  in  it  from  overflowing].  The  tears  are 
conducted  from  the  puncta  through  the  duct,  chiefly  by  a  siphon  action.  Horner's 
muscle  (also  known  to  Duvernoy,  1678)  likewise  aids,  as  every  time  the  eyelids  are 
closed  it  pulls  upon  the  posterior  wall  of  the  sac,  and  thus  dilates  the  latter,  so 
that  it  aspirates  tears  into  it  {Henl-e). 

E.  H.  Weber  and  Hasner  ascribe  the  aspiration  of  the  tears  to  the  diminution  of  the  amount 
of  air  in  the  nasal  cavities  during  inspiration.  Arlt  asserts  that  the  tear  sac  is  compressed  by 
the  contraction  of  the  orbicularis  muscle,  so  tliat  the  tears  must  bo  forced  towards  the  nose. 
Lastly,  Stellwag  supposes  that  when  the  eyelids  are  closed  the  tears  are  simply  [iressed  into  the 
puncta,  while  Gad  denies  that  there  is  any  kind  of  pumping  mechanism  in  the  nasal  canal. 
Landois  points  out  that  the  tear  ducts  are  surrounded  by  a  plexus  of  veins,  which  according  to 
their  state  of  distension  may  infiueuce  the  size  of  these  tubes. 

The  secretion  of  tears  takes  place  only  by  direct  stimulation  of  the  lachrymal 
nerve  (§  347,  I.,  2),  subcutaneous  malar  (§  347,  II.,  2),  and  cervical  sympathetic 
(§  356,  A,  6),  which  have  been  called  secretory  nerves.  Secretion  may  also  be 
excited  reflexly  (p.  591)  by  stimulation  of  the  nasal  mucous  membrane  only  on  the 
same  side  {Herzenstein).  The  ordinary  secretion  in  the  waking  condition  is  really 
a  reflex  secretion  produced  by  the  stimulation  of  the  anterior  surface  of  the  bulb 
by  the  air,  or  by  the  evaporation  of  tears.  A  very  bright  light  also  causes  a 
reflex  secretion  of  tears,  the  optic  being  the  afferent  nerve.  The  centre  in  the 
rabbit  does  not  extend  forward  beyond  the  origin  of  the  fifth  nerve,  but  it  extends 
downwards  to  the  fifth  vertebra  (Eckhard).  During  sleep  all  these  factors  are 
absent,  and  there  is  no  secretion.  Histological  changes. — Reichel  found  that  in 
the  active  gland  (after  injection  of  pilocarpin)  the  secretory  cells  became  granular, 
turbid,  and  smaller,  while  the  outlines  of  the  cells  became  less  distinct,  and  the 
nuclei  spheroidal.  In  the  resting  gland,  the  cells  are  bright  and  slightly  granular 
with  ii-regular  nuclei.  Intense  stimulation  by  light  acting  on  the  optic  nerve  causes 
a  reflex  secretion  of  tears.  The  flow  of  tears  accompanying  certain  violent  emotions, 
and  even  hearty  laughing,  is  still  unexplained.  During  coughing  and  vomiting 
the  secretion  of  tears  is  increased  partly  reflexly,  and  partly  by  the  outflow  being 
prevented  by  the  expiratory  pressure. 

Function. — The  tears  moisten  the  bulb,  protect  it  from  drying,  and  float  away 
small  particles,  being  aided  in  this  by  the  closure  of  the  eyelids.  Atropin 
diminishes  the  tears  {Mogaard). 

Composition. — The  tears  are  alkaline,  saline  to  taste,  and  represent  a  "  serous  " 

secretion.    Water  98"1  to  99  ;  1"46  organic  substances  (0"1  albumin  and  mucin, 

O'l  epithelium) ;  0*4  to  0-8  salts  (especially  NaCl) 

[Action  of  Drugs. — Essential  volatile  oils  and  eserin  increase  the  secretion  of  tears,  atropin 
arrests  it,  while  eserin  antagonises  the  effect  of  atropin  and  causes  an  increased  secretion.] 

405.  COMPARATIVE— HISTORICAL.— Comparative.— The  simplest  form  of  visual  appa- 
ratus is  represented  by  aggregations  of  pigment-cells  in  the  outer  coverings  of  the  body,  which 
are  in  connection  with  the  termination  of  afferent  nerves.  The  pigment  absorbs  tlie  rays  of 
light,  and  in  virtue  of  the  light-ether  discharges  kinetic  energy,  whicn  excites  the  terminations 
of  the  nervous  apparatus.  Collections  of  pigment-cells,  with  nerve- fibres  attached,  and  pro- 
vided with  a  clear  refractive  body,  occur  on  the  margin  of  the  bell  of  the  higher  mcdusic,  while 
the  lower  forms  have  only  aggregations  of  pigment  on  the  bases  of  their  tentacles.  Also,  in 
many  lower  worms  there  are  pigment  spots  near  the  brain.  In  others,  the  pigment  lies  as  a 
covering  round  the  terminations  of  the  nerves,  which  occur  as  "crystalline  rods"  or  "crystal- 
line spheres."  In  parasitic  worms,  the  visual  apparatus  is  absent.  In  star-fishes,  the  eyes  arc 
at  the  tips  of  the  arms,  and  consist  of  a  spherical  crystal  organ  surrounded  with  jiigment,  with 
a  nerve  going  to  it.  In  all  other  echinodermata  there  are  only  accumulations  of  pigment. 
Amongst  the  annulosa  there  are  several  grades  of  visual  apparatus — (1)  Without  a  cornea,  there 
may  be  only  one  crystal  sphere  (nervous  end-organ)  near  the  brain,  as  in  the  young  of  the  crab  ; 
or  there  may  be  several  crystal  spheres  forming  a  compound  eye,  as  in  the  lower  crabs.  (2) 
With  a  cornea,  consisting  of  a  lenticular  body  formed  from  the  chitin  of  the  outer  integument, 
the  eye  itself  may  be  simple,  merely  consisting  of  one  crystal  rod,  or  it  may  be  compound.  The 
compound  eye  consists  of  only  one  large  lenticular  cornea,  common  to  all  the  crystal  rods,  as  in 
the  spiders  ;  or  each  crystal  rod  has  a  special  lenticular  cornea  for  itself.    The  numerous  rods 
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surrounded  by  pigment  are  closely  packed  together,  and  are  arranged  upon  a  curved  surface,  so 
that  their  free  emls  also  form  a  part  of  a  sphere.    The  chitinous  investment  of  the  head  is 
facetted,  and  forms  a  small  corneal  lens  on  the  free  end  of  each  rod.    According  to  one  view, 
each  fac'ette,  with  the  lens  and  the  crystal  sphere,  is  a  special  eye,  and  just  as  man  has  two  eyes 
so  insects  have  several  hundred.    Each  eye  sees  the  picture  of  the  outer  world  in  toto.  This 
view  is  supported  by  the  following  experiment  of  van  Leeuwenhoek  : — If  the  cornea  be  sliced 
off,  each  facette  tliereof  gives  a  special  image  of  an  object.    If  a  cross  be  made  on  the  mirror  of 
a  microscoi)e,  while  a  piece  of  the  facetted  cornea  is  placed  as  an  object  upon  the  stage,  then  we 
see  an  image  of  the  cross  in  each  facette  of  the  cornea.    Thus  for  each  rod  (crystal  sphere)  there 
would  be  a  special  image.    Each  corneal  facette,  however,  forms  only  a  part  of  the  image  of  the 
outer  world,  so  that  we  must  regard  the  image  as  composed  like  a  mosaic.    Amongst  mollusca, 
the  fixed  brachiopoda  have  two  pigment  spots  near  the  brain,  but  only  in  their  larval  condition  ; 
while  the  mussel  has,  under  similar  conditions,  pigment  spots  with  a  refractive  body.  The 
adult  mussel  however,  has  pigment  spots  (ocelli)  only  in  the  margin  of  the  mantel,  but  some 
molluscs  have  stalked  and  highly  developed  eyes.    Some  of  the  lower  snails  have  no  eyes,  some 
have  pigYnent  spots  on  the  head,  while  the  garden  snail  has  stalked  eyes  provided  with  a  cornea, 
an  optic  nerve  with  retina  and  pigment,  and  even  a  lens  and  vitreous  bodj'.    Amongst  cepha- 
lopoda, the  nautilus  has  no  cornea  or  lens,  so  that  the  sea-water  flows  freely  into  the  orbits. 
Others  have  a  lens  and  no  cornea,  while  some  have  an  opening  in  the  cornea  (Loligo,  Sepia, 
Octopus).    All  the  other  parts  of  the  eye  are  well  developed.    Amongst  vertebrata,  Amphioxus 
has  no  eyes.    They  exist  in  a  degenerated  condition  in  Proteus  and  the  mammal  Spalax.  In 
many  fishes,  amphibians,  and  reptiles,  the  eye  is  covered  by  a  piece  of  transparent  skin. 
[Pineal  or  Epiphysial  Eye. — Some  lizards,  e.g.,  Hatteria,  have  a  rudimentary  median  eye  in  the 
median  line  of  the  head,  and  lodged  in  the  parietal  foramen.    It  is  developed  from  the  pineal 
body,  and  its  lens  is  formed  from  the  optic  cup,  so  that  light  falls  iipon  the  retina  without 
penetrating  the  fibres  of  the  optic  nerve.    Thus,  it  is  an  invertebrate  type  of  eye,  where  the 
retina  and  lens  are  developed  from  epidermal  structures,  while  in  the  vertebrate  eye,  the  retina 
is  developed  from  the  cerebrum.]    Some  hag-fishes,  the  crocodile,  and  birds  have  eyelids,  and  a 
nictitating  membrane  at  the  inner  angle  of  the  eye.    Connected  with  it  is  the  Harderian 
gland.    In  mammals  the  nictitating  membrane  is  represented  only  by  the  plica  semilunaris. 
There  is  no  lachrymal  apparatus  in  fishes.    The  tears  of  snakes  remain  under  the  watch-glass- 
like cutis  with  which  the  eyes  are  covered.    The  sclerotic  often  contains  cartilage  which  may 
ossify.    A  vascular  organ,  the  processus  falciformis,  jiasses  from  the  middle  of  the  choroid  into 
the  interior  of  the  viti-eous  body  in  osseous  fishes,  its  anterior  extremity  being  termed  the 
campanula  Halleri.    Similarly,  there  is  the  pecten  in  birds,  but  it  is  provided  with  muscular 
fibres.    In  birds  the  cornea  is  surrounded  by  a  bony  ring.    The  whale  has  an  enormously  thick 
sclerotic.    In  aqiiatic  animals,  the  lens  is  nearly  spherical.    The  muscles  of  the  iris  and 
choroid  are  transversely  striped  in  birds  and  reptiles.    The  retinal  rods  in  all  vertebrates  are 
directed  from  before  backwards,  while  the  analogous  elements  (crystal  rods  and  spheres)  in 
invertebrata  are  directed  from  behind  forward. 

Historical. — The  Hippocratic  School  were  acquainted  with  the  optic  nerve  and  lens.  Aristotle 
(.384  B.C.)  mentions  that  section  of  the  optic  nerve  causes  blindness — he  was  acquainted  with 
after-images,  short  and  long  sight.    Herophilus  (307  B.C. )  discovered  the  retina,  and  the  ciliary 
processes  received  their  name  in  his  school.    Galen  (131-203  a.d.)  described  the  six  muscles  of 
the  eyeball,  the  puncta  lachrymalia,  and  tear  duct.    Aerengar  (1521)  was  aware  of  the  fatty 
matter  at  the  edge  of  the  eyelids.    Stephanus  (1545)  and  Casseri  (1609)  described  the  Meibomian 
glands,  which  were  afterwards  redescribed  by  Meibom  (1666).    Fallopius  described  the  vitreous 
membrane  and  the  ciliary  ligament.    Plater  (1583)  mentions  that  the  posterior  surface  of  the 
lens  is  more  curved.    Aldrovandi  observed  the  remainder  of  the  pupillary  membrane  (1599). 
Observations  were  made  at  the  time  of  Vesalius  (1540)  on  the  refractive  action  of  the  lens. 
Leonardo  da  Vinci  compared  the  eye  to  a  camera  obscura.    Maurolykos  compared  the  action  of 
the  lens  to  that  of  a  lens  of  glass,  but  it  was  Kepler  (1611)  who  first  showed  the  true  refractive 
index  of  the  lens  and  the  formation  of  the  retinal  image,  but  he  thought  that  during  accommo- 
dation the  retina  moved  forward  and  backward.    The  Jesuit,  Scheiner  (t  1650),  mentions,  how- 
ever, that  the  lens  becomes  more  convex  by  the  ciliary  processes,  and  he  assumed  the  existence 
of  muscular  fibres  in  the  uvea.    He  referred  long  and  short  sight  to  the  curvature  of  the  lens, 
and  he  first  showed  the  retinal  image  in  an  excised  eye.    With  regard  to  the  use  of  spectacles 
there  is  a  reference  in  Pliny.    It  is  said  that  at  the  beginning  of  the  14th  century  the  Floren- 
tine, Salvino  d'Armato  degli  Armati  di  Fir  (tl317),  and  the  monk,  Alessandro  de  Spina  (tl313) 
invented  spectacles.    Kepler  (1611)  and  Descartes  (1637)  described  their  action.    Mayo  (tl852) 
described  the  3rd  nerve  as  the  constrictor  nerve  of  the  pupil.    Zinn  contributed  considerably 
to  our  knowledge  of  the  structure  of  the  eye.    Ruysch  described  muscular  fibres  in  the  iris  and 
Monro  described  the  sphincter  of  the  pupil  (1794).    Jacob  described  the  bacillary  layer  of  the 
retina— Scemmering  (1791)  the  yellow  spot.    Brewster  and  Chossat  (1819)  tested  the  refractive 
indices  of  the  optical  media.    Purkinje  (1819)  studied  subjective  vision. 
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406.  THE  ORGAN  OF  HEARING.— Stimulation  of  the  Auditory  Nerve. 


— The  normal  manner  in  which 
sonorous  vibrations,  which  set 
which  lie  ini  the  endolymph  of 
expansions  of  the  cochlea 
and  semicircular  canals. 
Hence,  the  sonorous  vi- 
brations are  first  trans- 
mitted to  the  fluid  in 
the  labyrinth,  and  this, 
in  turn,  is  thrown  into 
waves,  which  set  the  end- 
organs  into  vibration. 
Thus,  the  excitement  of 
the  auditory  nerves  is 
brought  about  by  the 
mechanical  stimulation 
of  the  ivave-motion  of  the 
lymph  of  the  labyrinth. 

The  fluid  or  lymph 
of  the  labyrinth  is  sur- 
rounded by  the  exceed- 
ingly hard  osseous  mass 
of  the  temporal  bone  (fig. 


the  auditory  nerve  is 
in  motion  the 
the  labyrinth  of  the 


eud-organs 


excited,  is  by  means  of 
of  the  acoustic  nerve, 
inner  ear,  on  membranous 


577).  Only  at  one  small  scheme  of  the  organ  of  hearing, 
roundish   and  slightly 


triangular  area,  the  fe- 
nestra rotunda  (r),  the 
fluid  is  bounded  by  a 
delicate  yielding  mem- 
brane, which  is  in  con- 
tact with  the  air  in  the 


AG,  external  auditory  meatus; 
T,  tymi)anic  membrane;  K,  malleus  with  its  head  {h),  short 
process  (/./),  and  handle  {vi) ;  a,  incus,  its  short  process  [o:),  and 
its  long  j)rocess  united  to  the  stapes  (s)  by  means  of  the  Sylvian 
ossicle  {z) ;  P,  middle  ear ;  o,  fenestra  ovalis  ;  r,  fenestra  rotunda ; 
X,  beginning  of  the  lamina  spiralis  of  the  cochlea  ;  scala 
tympani,  and  vt,  scala  vestibuli;  V,  vestibule;  S,  saccule;  U, 
utricle ;  H,  semicircular  canals  ;  TE,  Eustachian  tube.  The 
long  arrow  indicates  the  line  of  traction  of  the  tensor  tympani ; 
the  short  curved  one,  that  of  the  stapedius. 


middle  ear  or  tympanum 
(P).  Not  far  from  the  fenestra  rotunda  is  the  fenestra  ovalis  (o),  in  which  the 
base  of  the  stapes  (s)  is  fixed  by  means  of  a  yielding  membranous  ring.  The  outer 
surface  of  this  also  is  in  contact  with  the  air  in  the  middle  ear.  As  the  perilymph 
of  the  inner  ear  is  in  contact  at  these  two  places  with  a  yielding  boundary,  it  is 
clear  that  the  lymph  itself  may  exhibit  oscillatory  movements,  as  it  must  follow  the 
movements  of  the  yielding  boundaries. 
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the  sonorous  vibrations  may  set  the  perilymph  in  vibration  in  three  different 

Avays : —  •  i,  i 

1.  Conduction  through  the  Bones  of  the  Head.— This  occurs  especially  when 
the  vibrating  solid  body  is  applied  directly  to  some  part  of  the  head,  e.g.,  a  tuning- 
fork  i)laced  on  the  head,  the  sound  being  propagated  most  intensely  in  the 
direction  of  the  prolongation  of  the  handle  of  the  instrument — also  when  the  sound 
is  conducted  to  the  head  by  means  of  fluid,  as  when  the  head  is  ducked  under 
water.  Vibrations  of  the  air,  however,  are  practically  not  transferred  directly  to 
the  bones  of  the  head,  as  is  shown  by  the  fact  that  we  are  deaf  when  the  ears  are 
stopped. 

The  soft  parts  of  the  head,  which  lie  immediately  upon  bone,  conduct  sound  best,  and  of  the 
projecting  part,  the  best  conductor  is  the  cartilaginous  portion  of  the  external  ear.  But  even 
under  the  most  favourable  circumstance,  conduction  through  the  bones  of  the  head  is  far  less 
effective  than  the  conduction  of  the  sound-waves  through  the  external  auditory  meatus.  If  a 
tuning-fork  be  made  to  vibrate  between  the  teeth  until  we  no  longer  hear  it,  its  tone  may  still 
be  heard  on  l)ringing  it  near  the  ear  {liinnc).  The  conduction  through  the  bones  is  favoured 
when  the  oscillations  are  not  transferred  from  the  bones  to  the  tym])anic  membrane,  and  are 
thus  transferred  to  the  air,  in  the  outer  ear.  Hence,  we  hear  the  sound  of  a  tuning-fork  applied 
to  the  head  better  when  the  ears  are  stopped,  as  this  prevents  the  propagation  of  the  sound- 
waves through  tlie  air  in  the  outer  ear.  If,  in  a  deaf  person,  the  conduction  is  still  normal 
through  tlie  cranial  bones,  then  the  cause  of  the  deafness  is  not  in  the  nervous  part  of  the  ear, 
but  in  the  external  sound-conducting  part  of  the  apparatus. 

2.  Normal  hearing  takes  place  through  the  external  auditory  meatus.  The 

enormous  vibrations  of  the  air  first  set  the  tympanic  membrane  in  vibration  (fig. 
577,  T) ;  this  moves  the  malleus  {h),  whose  long  process  is  inserted  into  it ;  the 
malleus  moves  the  incus  («),  and  this  the  stapes  (*•),  which  transfers  the  movements 
of  its  plate  to  the  perilymph  of  the  labyrinth. 

3.  Direct  Conduction  to  the  Fenestra. — In  man,  in  consequence  of  occasional  disease  of  the 
middle  ear,  whereby  the  tympanic  membrane  and  auditory  ossicles  may  be  destroyed,  the 
auditory  apparatus  may  be  excited,  although  only  in  a  very  feeble  manner,  by  the  vibrations  of 
the  air  being  directly  transferred  to  the  membrane  of  the  fenestra  rotunda  (r),  and  the  parts 
closing  the  fenestra  ovalis  (o).  The  membrane  of  the  fenestra  rotunda  may  vibrate  alone,  even 
when  the  oval  window  is  closed  with  a  rigid  body  (  Webcr-Liel). 

407.  PHYSICAL  INTKODUCTION.— Sound  is  produced  by  the  vibration  of  elastic  bodies 
capable  of  vibration.  Alternate  condensation  and  rarefaction  of  the  surrounding  air  are  thus 
produced  ;  or,  in  other  words,  sound-waves  in  which  the  particles  vibrate  longitudinally  or  in 
the  direction  of  the  propagation  of  the  sound  are  excited.  Around  the  point  of  origin  of  the 
sound,  these  condensations  and  rarefactions  occur  in  equal  concentric  circles,  which  conduct 
the  sound  vibrations  to  our  outer  ear.  The  vibrations  of  the  sounding  body  are  so  called 
"stationary  vibrations,"  i.e.,  all  the  particles  of  the  vibrating  body  are  always  in  the  same 
phase  of  movement,  in  that  they  pass  into  movement  simultaneously,  they  reach  the  maximum 
of  movement  simultaneously,  e.g.,  in  the  particles  of  a  sounding  vibrating  metal  rod.  Sound 
is  produced  by  the  stationary  vibrations  of  elastic  bodies  ;  it  is  propagated  by  progressive 
wave-motion  of  elastic  media,  generally  the  air.  The  wave-length  of  a  tone,  i.e.,  the  distance 
of  one  maximum  of  condensation  to  the  next  one  in  the  air,  is  proportional  to  the  duration  of 
the  vibration  of  the  body,  whose  vibrations  produce  the  sound-waves. 

If  \  is  the  wave-length  of  a  tone,  t  in  second  the  durations  of  a  vibration  of  the  body 
producing  the  wave,  then  K  =  n  t,  where  w  =  340-88  metres,  which  is  the  rate  per  second  of 
propagation  of  sound-waves  in  the  air.  The  rapiditv  of  the  transmission  of  sound-waves  in 
water  =  1435  metres  per  second,  i.e.,  nearly  four  tinies  as  rapid  as  in  air;  while,  in  solids 
capable  of  vibration,  it  is  propagated  from  seven  to  eighteen  times  faster  than  in  the  air 
Sound-waves  are  conducted  best  through  the  same  medium;  when  they  have  to  pass  throufli 
several  media  they  are  always  weakened.  ° 

Keflection  of  the  sound-waves  occurs  when  they  impinge  upon  a  solid  obstacle,  in  which  case 
the  angle  of  reflection  is  always  equal  to  the  angle  of  incidence. 

Wave  Movements.— We  distinguish— I.  Progressive  wave  movements  which  occur  in  two 
forms— (1)  As  loMjitudriuil  waves,  in  which  the  individual  pai-ticles  of  the  vibratino-  body 
vibrate  around  their  centre  of  gravity  in  the  direction  of  the  propagation  of  the  wave  •  examples 
are  the  waves  m  water  and  air.  This  movement  causes  an  accumulation  of  the  particles  at 
certani  places,  e.g.,  on  the  crests  of  the  waves  in  water-waves,  while  at  other  places  they  are 
dmiinished.  This  kind  of  wave  is  called  a  wave  of  condensation  and  rarefaction  (2)  If 
however,  each  particle  in  the  progressive  wave  moves  vertically  up  and  down,  i.c  transversely 
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to  the  direction  of  tlie  propagation  of  the  wave,  then  we  have  the  simple  transverse  reaves,  or 
progressive  waves,  in  which  tiiere  is  no  condensation  or  rarefaction  in  the  direction  of  propaga- 
tion, as  each  particle  is  merely  displaced  laterally.  An  example  of  this  is  the  progressive  -waves 
in  a  rape. 

II.  Stationary  Flexion  Waves.— When '  all  the  particles  of  an  elastic  vibrating  body  so 
oscillate  tliiit  all  of  them  are  always  in  the  same  phase  of  movement  as  the  limbs  of  a  vibrating 
tuning-fork  or  a  plucked  string,  then  this  kind  of  movement  is  described  as  stationary  flexion 
waves.  As  bodies,  whose  expansion  in  the  direction  of  oscillation  is  very  slight,  vibrate  to  and 
fro  in  the  stationary  flexion  wave,  so  we  see  that  the  small  parts  of  the  auditory  apjmratus 
(tympanic  membrane,  ossicles,  lymph  of  the  labyrinth)  oscillate  in  stationary  flexion  waves. 

408.  EAR  MUSCLES— EXTERNAL  AUDITORY  MEATUS.— When  the  external  ear  is 

absent,  little  or  no  impairment  of  the  hearing  is  observed  ;  hence,  the  physiological  functions 
of  these  organs  are  but  slight.  Boerhaave  thought  that  the  elevations  and  dei)ressions  of  the 
outer  ear  might  be  connected  with  the  reflection  of  the  sound-waves.  Numerous  sound-waves, 
however,  must  be  again  reflected  outwards  ;  and  those  waves  which  reach  the  deep  part  of  the 
concha  are  said  to  be  reflected  towards  the  tragus,  to  be  reflected  by  it  into  the  external 
auditory  nieatus.  According  to  Schneider,  when  the  depressions  in  the  ear  are  iilled  up  with 
wax,  hearing  is  impaired  ;  other  observers,  however,  have  found  t\m  hearing  to  be  unatt'ected. 
Mach  points  out  that  the  dimensions  of  the  external  ear  are  proportionally  too  small  to  act  as 
reflecting  organs  for  the  wavedeugths  of  noises. 

Muscles  of  the  External  Ear.— (1)  The  whole  ear  is  moved  by  the  retrahentes,  attrahens,  and 
attollens.  (2)  The  for?)i  of  the  ear  may  be  altered  by  the  tragicus,  autitragicus,  helicis  major 
and  minor  internally  ;  and  by  the  transversus  and  obliquus  auricula  externally.  Persons  who 
can  move  their  ears  do  not  find  that  the  hearing  is  influenced  during  the  movement.  The  Mm. 
nelicis  major  and  minor  are  regarded  as  elevatoi-s  of  the  helix,  the  transversus  and  obliquus 
anricuhv  as  dilators  of  the  concha  ;  the  tragicus  and  autitragicus  as  constrictors  of  the  meatus. 
In  animals,  the  external  ear  and  the  action  of  its 
muscles  have  a  marked  efl"ect  upon  hearing.  The 
muscles  point  the  ear  in  the  direction  of  the  sound, 
while  other  muscles  contract  or  dilate  the  space  within 
the  external  ear.  In  many  diving  animals,  the  meatus 
can  be  closed  by  a  kind  of  valve. 

The  external  meatus  is  3  to  3-25  cm.  long 
[li  to  1^  inch],  iS  to  9  mm.  high,  and  6  to  8 
ram.  broad  at  its  outer  opening  (fig.  578).  It 
is  the  conductor  of  the  sound-waves  to  the 
tympanic  membrane,  so  that  almost  all  the 
sound-waves  first  impinge  upon  its  wall,  and 
are  then  reflected  towards  the  tympanic  mem- 
brane. To  see  well  down  into  the  meatus,  we 
must  pull  the  auricle  upwards  and  backwards. 
Occlusion  of  the  meatus,  especially  by  a  plug 
of  inspissated  wax  (§  287),  of  course  interferes 

with  the  hearing,  [and  when  it  presses  on  the  Fig.  578. 

membrana  tympani  may  give  rise  to 
vertigo]. 

409.  TYMPANIC  MEMBRANE.— The 

tympanic  membrane,  which  is  tolerably  laxly 
fixed  in  a  special  osseous  cleft,  with  a  thickened 
margin,  is  an  elastic,  unyielding,  and  almost  non-extensible  membrane  of  about  0"1 
mm.  in  thickness,  and  with  a  superficial  area  of  50  square  millimetres  (fig.  581). 
It  is  elliptical  in  form,  its  greater  diameter  being  9*5  to  10  mm.,  and  its  lesser  8 
mm.,  and  it  is  fixed  in  the  floor  of  the  external  meatus  obliquely,  at  an  angle  of 
40°,  being  directed  from  above  and  outwards,  downwards  and  inwards.  Both 
tympanic  membranes  converge  anteriorly,  so  that  if  both  were  prolonged  they 
would  meet  to  form  an  angle  of  130°  to  135°.  The  oblique  position  enables  a  larger 
surface  to  be  presented  than  would  be  obtained  if  it  were  stretched  vertically,  so 
that  more  sound-waves  can  fall  vertically  upon  it.  The  membrane  is  not  stretched 
flat,  but  a  little  under  its  centre  (umbilicus)  it  is  drawn  slightly  inwards  by  the 


severe  'I'le  external  auditory  meatus  and  the 
tympanic  cavity.  M,  osseous  spaces  in 
the  temjtoral  bone  ;  IV,  cartilaginous 
part  of  the  meatus  ;  L,  membranous 
union  between  both  ;  F,  auricular  sur- 
face for  the  condyle  of  the  lower  jaw. 
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handle  of  the  malleus,  which  is  attached  to  it ;  while  the  short  process  of  the 
malleus  slightly  bulges  out  the  membrane  near  its  upper  margin  (figs.  577,  584). 

Structure  —The  tympanic  membrane  consists  of  three  layers  (1)  The  membrana  propria 
is  a  tibrous  membrane  with  radial  fibres  on  its  outer  surface,  and  circularly  arrnnged  fibres  on 

its  inner  aspect.  (2)  The 
surface  directed  towards  the 
meatus  is  covered  with  a  thin 
and  semi-transparent  part  of 
the  cutis.  (3)  The  side  to- 
wards tlie  tympanum  is  cover- 
ed with  a  delicate  mucous 
membrane,  with  simple  squa- 
mous epithelium.  Numerous 
nerves  and  lymph-vessels,  as 
well  as  inner  and  outer  blood- 
vessels, occur  in  the  mem- 
brane. 

[The  middle  layer,  or 
substantia  propria,  is  fixed 
to  a  ring  of  bone,  which 
is  deficient  above.  It  is 
filled  up  by  a  layer  com- 
posed of  the  mucous  and 
cutaneous  layers  called 
the  memhrana  Jlaccida,  or 
Shrapnell's  membrane.] 

[Examination. — When  ex- 
amining the  outer  ear  and 
membrana  tympani,  pull  the 
auricle  upwards  and  back- 
wards. The  membrana  tym- 
pani is  examined  by  means  of 
an  ear  speculum  (fig.  582). 
The  speculum  is  placed  in 
the  eai-,  and  light  is  re- 
flected into  it  by  means  of  a 
concave  mirror,  perforated  in 
It  is  convenient  to  have  the 


579. — Tympanic  membrane  with  the  auditory  ossicles  (left) 
seen  from  within.  Ci,  incus ;  Cm,  malleus  ;  Ch,  chorda  tym- 
pani ;  T,  pouch-like  depression  (after  Urbantschitsch).  Fig. 
580. — Tympanic  membrane  and  the  auditory  ossicles  (left)  seen 
from  within,  i.e.,  from  the  tympanic  cavity.  M,  manubrium 
or  handle  of  the  malleus  ;  T,  insertion  of  the  tensor  tympani  ; 
li,  head  ;  lY,  long  process  of  the  malleus ;  a,  incus,  with  the 
short  (K)  and  the  long  (I)  process  ;  S,  plate  of  the  stapes  ; 
Ax,  Ax,  is  the  common  axis  of  rotation  of  the  auditory  ossicles  ; 
S,  the  pinion-wheel  arrangement  between  the  malleus  and 
incus.  Fig.  581. — Tympanic  membrane  of  a  new-born  child 
seen  from  without,  with  the  handle  of  the  malleus  visible  on  it. 
At,  tympanic  ring  with  its  anterior  iy)  and  posterior  (/i)  ends. 


the  centre,  and  having  a  focal  distance  of  four  or  five  inches, 
mirror  fixed  to  a  band  placed  round  the  head,  as  in  the  case  of  the  laryngoscopic  reflector 
(fig.  359).  It  is  important  to  remember  that  the  membrane  is  placed  obliquely,  so  that  the 
posterior  and  upper  parts  are  nearer  the  surface.  Tlie  membrane  in  health  is  greyish  in  colour 
and  transparent,  so  that  the  handle  of  the  malleus  is  seen  running  from 
above  downwards  and  backwards,  while  at  the  anterior  and  inferior  part 
there  is  a  cone  of  light  with  its  apex  directed  inwards.  ] 

Function. — The  tympanic  membrane  catches  up  the  sound- 
waves which  penetrate  into  the  external  meatus,  and  is  set  into 
vibration  by  them,  the  vibrations  corresponding  in  number  and 
amplitude  to  the  vibrating  movements  of  the  air.  Politzer 
connected  the  auditory  ossicles  fixed  to  the  tympanic  membrane 

Oof  a  duck  with  a  recording  apparatus,  and  could  thus  register 
the  vibrations  produced  by  sounding  any  particular  tone.  Owing 
to  its  small  dimensions,  the  tympanic  membrane  can  vibrate 

Oin  toto,  to  and  fro  in  the  direction  of  the  sound-waves  correspond- 
ing to  the  condensations  and  rarefactions  of  the  vibrating  air,  and 
therefore  executes  transverse  vibrations,  for  which  it  is  specially 
adapted,  ov/ing  to  the  relatively  slight  resistance. 

Fundamental  Note.— Stretched  strings  and  membranes  are 
generally  only  thrown  into  actual  and  considerable  sympathetic  vibration  when 
they  are  affected  by  tones  which  correspond  with  their  own  fundamental  tone,  or 
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Fig.  582. 
Ear  specula  of 
various  sizes. 
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whose  number  of  vibrations  is  some  multiple  of  the  number  of  vibrations  of  the 
same,  as  the  octave.  When  other  tones  act  on  them,  they  exhibit  only  inconsider- 
able sympathetic  vibration.  If  a  membrane  be  stretched  over  a  funnel  or  cylinder, 
and  if  a  nodule  of  sealing  wax  attached  to  a  silk  thread  be  made  just  to  touch  the 
centre  of  the  membrane,  then  the  sealing  wax  remains  nearly  at  rest  when  tones  or 
sounds  are  made  in  the  neighbourhood  ;  as  soon,  however,  as  the  fundamental  or 
proper  tone  of  this  arrangement  is  sounded,  the  nodule  is  propelled  by  the  strong 
vibrations  of  the  membrane. 

If  we  apply  this  to  the  tympanic  membrane,  then  it  also  should  exhibit  very 
great  vibrations  when  its  own  fundamental  note  is  sounded,  but  only  slight 
vibrations  when  other  tones  are  produced.  This,  however,  would  produce  great 
inequality  in  the  audible  sounds.  There  is  an  arrangement  of  the  membrane  where- 
by this  is  prevented.  (1)  Great  resistance  is  offered  to  the  vibrations  of  the 
tympanic  membrane,  owing  to  its  union  with  the  auditory  ossicles.  These  act  as  a 
damping  apparatus,  which  provides,  as  in  damped  membranes  generally,  that  the 
tympanic  membrane  shall  not  exhibit  excessive  sympathetic  vibrations  for  its  own 
fundamental  note.  But  the  damping  also  makes  the  sympathetic  vibrations  less 
for  all  the  other  tones.  In  this  way,  all  vibrations  of  the  tympanic  membrane  are 
modified  ;  especially,  however,  is  the  excessive  vibration  diminished  during  the 
sounding  of  its  fundamental  tone.  The  membrane  is  at  the  same  time  rendered 
more  capable  of  responding  to  the  vibrations  of  different  wave-lengths.  The  damp- 
ing also  prevents  after-vihrations.  (2)  Corresponding  to  the  small  mass  of  the 
tympanic  membrane,  its  sympathetic  vibrations  must  also  be  small.  Nevertheless, 
these  slight  elongations  are  quite  sufficient  to  convey  the  sonorous  movements  to 
the  most  delicate  end-organs  of  the  auditory  nerve ;  in  fact,  there  are  arrangements 
in  the  tympanum  which  still  further  diminish  the  vibrations  of  the 
tympanic  membrane. 

As  V.  Helmholtz  has  shown,  the  strong  sympathetic  vibrations  of  the  tym- 
panic membrane  are  not  completely  set  aside  by  this  damping  arrangement. 
The  painful  sensations  produced  by  some  tones  are,  perhaps,  due  to  the  sympa- 
thetic vibration  of  the  membrana  tympani.  According  to  Kessel,  cei'tain  parts 
of  the  membrane  vibrate  to  certain  tones;  the  shortest  radial  fibres  at  the 
upper  part  of  the  anterior  and  upper  segment  vibrate  with  the  highest  tones, 
the  longest  libres  at  the  posterior  segment  with  the  deepest  tones.  At  the 
ujjper  part  of  the  posterior  segment  noises  are  transmitted. 

According  to  Fick,  the  tympanic  membrane,  besides  possessing  the  property 
of  taking  up  all  vibrations  with  nearly  eijual  intensity,  has  also  the  properties 
of  a  resonance  apparatus;  i.e.,  it  causes  a  summation  of  the  energy  of  suc- 
cessive vibrations.  This  is  due  to  the  funnel-shape  of  the  membrane,  and  to 
the  radial,  i-igid  insertion  of  the  handle  of  the  malleus. 

Pathological. — Thickenings  or  inequalities  of  the  tympanic  membrane  inter-  Toynbee's  artifi- 
fere  with  the  acuteness  of  hearing,  owing  to  the  diminished  capacity  for  vibra-     cial  membrana 
tion  thereby  produced.    Holes  in  and  loss  of  its  substance  act  similarly.    In  tympani. 
extensive  destruction,  an  artificial  tympanum  is  placed  in  the  external  meatus, 
and  its  vibrations,  to  a  certain  extent,  replace  those  of  the  lost  membrane  {Toynbee).  [Fig. 
583  shows  an  artificial  tympanic  membrane.] 

410.  AUDITORY  OSSICLES  AND  THEIR  MUSCLES.— The  auditory 
ossicles  have  a  double  function. — (1)  By  means  of  the  •'  chain"  which  they  form, 
they  transfer  the  vibrations  of  the  tympanic  membrane  to  the  perilymph  of  the 
labyrinth.  (2)  They  also  afford  points  of  attachment  for  the  muscles  of  the  middle 
ear,  which  can  alter  the  tension  of  the  membrana  tympani,  and  the  pressure  on  the 
lymph  of  the  labyrinth. 

Mechanism. — The  form  and  position  of  the  ossicles  are  given  in  figures  584  and 
585.  They  form  a  jointed  chain  which  connects  the  tympanic  membrane,  M,  by 
means  of  the  malleus,  h,  incus,  a,  and  stapes,  S,  with  the  perilymph  of  the  labyrinth. 
The  mode  of  movement  of  the  ossicles  is  of  special  importance.  The  handle  of 
the  malleus  is  firmly  united  to  the  fibres  of  the  tympanic  membrane  (fig.  585,  n). 
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Besides  this,  the  malleus  is  fixed  by  ligaments  which  prescribe  the  direction  of  its 
movements.'  Two  ligaments — the  lig.  mallei  anticum  (passing  from  the  processus 
Folianus)  and  the  posticum  (from  a  small  crest  on  the  neck) — together  form  a  com- 
mon axial  band  {v.  Udmholtz\  which  acts  in  the  direction  from  behind  forwards,  i.e., 
parallel  to  the  surface  of  the  tympanic  membrane.  The  neck  of  the  malleus  lies 
between  the  insertions  of  both  ligaments.  The  united  ligament  determines  the 
.  .        "  axis  of  rotation "  of  the 

\"  *  movement  of  the  malleus. 


When  the  handle  of  the 
malleus  is  drawn  inwards,  of 
course  its  head  moves  in  the 
opposite  direction,  or  outwards. 
The  incm,  a,  is  only  partially 
fixed  by  a  ligament,  which  at- 


Fig.  585.  Fig.  584. 

Fig.  584. — The  auditory  ossicles  (right).  Cm,  head;  C,  neck;  Pbr,  short  process  ;  Prl,  long 
process  ;  M,  handle  of  the  malleus  ;  Ci,  body  ;  G,  articular  surface  ;  /(,  short,  and  r,  long 
process  of  the  incus  ;  O.S,  so-called  lenticular  ossicle  ;  C.s,  head  ;  a,  anterior,  and  p,  poste- 
rior limb;  P,  plate  of  the  stapes.  Fig.  585. — Tympanum  and  auditory  ossicles  (left)  mag- 
nified. A.G.,  external  meatus  ;  M,  membrana  tympani,  which  is  attached  to  the  handle  of 
the  malleus,  n,  and  near  it  the  short  process,  p  ;  h,  head  of  the  malleus  ;  a,  incus  ;  k,  its 
short  process  with  its  ligament ;  I,  long  process  ;  s,  Sylvian  ossicle  ;  S,  stapes  ;  Ax,  Ax, 
is  the  axis  of  rotation  of  the  ossicles,  it  is  shown  in  perspective,  and  must  be  imagined  to 
penetrate  the  plane  of  the  paper  ;  t,  line  of  traction  of  the  tensor  tympani.  The  other 
arrows  indicate  the  movement  of  the  ossicles  when  the  tensor  contracts. 

taches  its  short  process  to  the  wall  of  the  tympanic  cavity,  in  front  of  the  entrance 
to  the  mastoid  cells,  k.  The  not  very  tense  articulation  joining  it  to  the  head 
of  the  malleus,  h,  which  lies  with  its  saddle-shaped  articular  surface  in  the  hollow 
of  the  incus,  is  important.  The  lower  margin  of  the  incus  (fig  584,  S)  acts  like 
a  tooth  of  a  cog-wheel.  Thus,  when  the  handle  of  the  malleus  moves  inwards 
to  the  tympanic  cavity,  the  incus,  and  its  long  process,  h,  which  is  parallel  to 
the  handle  of  the  malleus,  also  pass  inwards.  The  incus  forms  almost  a  right 
angle  with  the  stapes,  S,  through  the  intervention  of  the  Sylvian  ossicle,  s.  If, 
however,  as  by  condensation  of  the  air  in  the  tympanum,  the  membrana  tympani 
and  the  handle  of  the  malleus  move  outwards,  the  long  process  of  the  incus  does 
not  make  a  similar  movement,  as  the  malleus  moves  away  from  this  margin  of  the 
incus.  Hence,  the  stapes  is  not  liable  to  be  torn  from  its  socket.  The  malleus  and 
incus  form  an  angular  lever,  which  moves  round  a  common  axis  (fig.  581  and  fig. 
585,  Ax,  Ax).  In  the  inivard  movement,  the  malleus  follows  the  incus,  as  if  both 
formed  one  piece.  The  common  axis  (fig.  580)  is  not,  however,  the  axial  ligament 
of  the  malleus,  but  it  is  formed  anteriorly  by  the  processus  Folianus,  IF,  directed 
forwards,  and  posteriorly  by  the  short  process  of  the  incus  directed  backwards. 
The  rotation  of  both  ossicles  around  this  axis  occurs  in  a  plane  vertical  to  the  plane 
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of  the  menibrana  tympani.  During  the  rotation,  of  course  the  parts  above  this 
axis  (head  of  the  malleus  and  u[)per  part  of  the  body  of  the  incus)  take  a  direction 
opposite  to  the  parts  lying  below  it  (the  handle  of  the  malleus  and  the  long  process 
of  the  incus),  as  is  indicated  in  fig.  585  by  the  direction  of  the  arrows.  The 
movement  of  the  handle  of  the  malleus  must  follow  that  of  the  membrana  tympani, 
and  vice  versd,  while  the  movement  of  the  stapes  is  connected  with  the  movement 
of  the  long  process  of  the  incus.  As  the  long  process  of  the  incus  is  only  two- 
thirds  of  the  length  of  the  handle  of  the  malleus  (figs.  577,  581,  585),  of  course  the 
excursion  of  the  tip  of  the  former,  and  with  it  of  the  stapes,  must  be  correspond- 
ingly less  than  the  movement  of  the  tip  of  the  handle  of  the  malleus  ;  while,  on  the 
other  hand,  the  force  of  the  movement  of  the  tip  of  the  handle  of  the  malleus, 
corresponding  to  the  diminution  of  the  excursion,  will  be  increased. 

Mode  of  Vibration. — Thus,  the  movement  of  the  membrana  tympani  inwards 
causes  a  less  extensive  but  a  7nore  poiverful  movement  of  the  foot  of  the  stapes 
against  the  perilymph  of  the  labyrinth.  V.  Helmholtz  and  Politzer  calculated  the 
extent  of  the  movement  to  be  0-07  mm.  The  mode  in  which  the  vibrations  of  the 
membrana  tympani  are  conveyed  to  the  lymph  of  the  labyrinth,  through  the  chain 
of  ossicles,  is  quite  analogous  to  the  mechanism  of  these  parts  already  described. 
Long  delicate  glass  threads  have  been  fixed  to  these  ossicles,  and  their  movements 
were  thus  graphically  recorded  on  a  smoked  surface  {Politzer,  Hensen).  Or,  strongly 
refractive  particles  are  fixed  to  the  ossicles,  while  the  beam  of  light  reflected  from 
them  can  be  examined  by  means  of  a  microscope  {Buck,  v.  Helmholtz).  All  the 
experiments  showed  that  the  transference  of  the  sound-waves  is  accomplished  by 
means  of  the  mechanism  of  the  angular  lever,  composed  of  the  auditory  ossicles 
already  described.  As  the  vibrations  of  the  membrana  tympani  are  conveyed  to 
the  handle  of  the  malleus,  they  are  weakened  to  about  one-fourth  of  their  original 
strength  {Politzer).  [The  membrana  tympani  is  many  times  (30)  larger  than  the 
fenestra  ovalis,  and  the  relation  in  size  might  be  represented  by  a  funnel.  The 
arm  of  the  malleal  end  of  the  lever  where  the  power  acts  is  91-  mm.  long,  while  the 
short  or  stapedial  arm  is  6;V  mm.,  so  that  the  latter  moves  less  than  the  former, 
but  what  is  lost  in  extent  is  gained  in  force.] 

[Methods. — Politzer  attached  small,  very  light  levers  to  each  of  the  ossicles,  and  inscribed 
their  movements  on  a  revolving  cylinder.  An  organ-pipe  was  sounded,  and  when  the  levers 
were  of  the  same  length,  the  malleus  made  the  greatest  excursion  and  the  stapes  the  least. 
Ihick  attached  starch  grains  to  the  ossicles,  illuminated  them,  and  observed  the  movements  of 
the  refractive  starch  granules  by  means  of  a  microscope  provided  with  a  micrometer.] 

[The  ossicles  move  en  masse,  and  not  in  the  way  of  propagating  molecular 
vibration.s.]  As  the  excursions  of  the  ossicles  during  sonorous  vibrations  are,  how- 
ever, only  nominal,  there  is  practically  no  change 
in  the  position  of  the  joints  with  each  vibration. 
The  latter  will  only  occur  when  extensive  move- 
ments take  place  by  means  of  the  muscles. 

The  muscles  of  the  auditory  ossicles  alter  the 
position  and  tension  of  the  membrana  tympani,  as 
well  as  the  pressure  of  the  lymph  of  the  labyrinth. 
The  tensor  tympani,  which  lies  in  an  osseous  groove 
above  the  Eustachian  tube,  has  its  tendon  deflected 
round  an  osseous  projection  [processus  cochleari- 
formis],  which  lies  external  to  it,  almost  at  right 
angles  to  the  groove  above  it,  and  is  inserted  imme- 
diately above  the  axes  of  rotation  of  the  malleus  Tensor  tympani— the  Eustachian 
(fig.  580,  M).    When  the  muscle  contracts  in  the  tube  (left), 

direction  of  the  arrow,  t,  then  the  handle  of  the  malleus  {n)  pulls  the  membrana 
tympani  (M)  inwards  and  tightens  it  (fig.  585).    This  also  causes  a  movement 
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of  the  incus  and  stapes  (S)  which  must  be  pressed  more  deeply  into  the  fenestra 
ovalis  as  already  described.  When  the  muscle  relaxes,  then  owing  to  the  elasticity 
of  the  rotated  axial  ligament  and  the  tense  membrana  tympani  itself,  the  position 
of  equilibrium  is  again  restored.  The  motor  nerve  of  this  muscle  arises  from  the 
trigeminus,  and  passes  through  the  otic  ganglion  (p.  597).  C.  Ludwig  and  Politzer 
observed  that  stimulation  of  the  fifth  nerve  within  the  cranium  [dog]  caused  the 
above  mentioned  movement. 

Use  of  the  tension. — The  tension  of  the  membrana  tympani  caused  by  the 
tensor  tympani  has  a  double  function  {Joh.  Miiller) — 1.  The  tense  membrane  offers 
very  great  resistance  to  sympathetic  vibrations  when  the  sound-waves  are  very  in- 
tense, as  it  is  a  physical  fact  that  stretched  membranes  are  more  difficult  to  throw 
into  sympathetic  vibrations  the  tenser  they  are.  Thus,  the  tension  so  far  protects 
the  auditory  organ,  as  it  prevents  too  intense  vibrations  applied  to  the  membrana 
tympani  from  reaching  the  terminations  of  the  nerves.  2.  The  tension  of  the 
membrana  tympani  must  vary  according  to  the  degree  of  contraction  of  the  tensor. 
Thus,  the  membrana  for  the  time  being  has  a  different  fundamental  tone,  and  is 
thereby  capable  of  vibrating  to  the  correspondingly  higher  tone,  it,  as  it  were,  being 
in  a  certain  sense  accommodated  for. 

Comparison  with  Iris. — The  membrana  tympani  has  been  compared  with  the  iris.  Both 
membranes  prevent  by  contraction — narrowing  of  the  pupil  and  tension  of  the  membrana 
tympani— the  too  intense  action  of  the  specific  stimulus  from  causing  too  great  stimulation,  an<l 
both  adapt  the  sensory  apparatus  for  the  action  of  moderate  or  weak  stimuli.  This  movement 
in  both  membranes  is  brought  about  reflexly,  in  the  ear  through  the  N.  acusticus,  whicli  causes 
a  reflex  stimulation  of  the  motor  fibres  for  the  tensor  tympani. 

Effect  of  Tension. — That  increased  tension  of  the  membrana  tympani  renders  it  less  sensitive 
to  sound-waves  is  easily  proved,  thus  : — Close  the  mouth  and  nose,  and  make  either  a  forced 
expiration,  so  that  the  air  is  forced  into  the  Eustachian  tube,  which  bulges  out  the  membrana 
tympani,  or  inspire  forcibly,  whereby  the  air  in  the  tympanum  is  diminished,  so  that  the 
membrana  bulges  inwards.  In  both  cases,  hearing  is  interfered  with,  as  long  as  the  increased 
tension  lasts.  If  a  funnel  with  a  small  lateral  opening,  and  whose  wide  end  is  covered  by  a 
membrane,  be  placed  in  the  external  meatus,  hearing  becomes  less  distinct  when  the  membrane 
is  stretched  {Joh.  Miiller).  If  air  be  blown  into  the  external  auditorj-  meatus,  both  tensores 
tympani  contract,  and  in  consequence  of  this  the  hearing  of  the  other  ear  is  temporarily 
affected  (GcUe). 

Normally,  the  tensor  tympani  is  excited  reflexly.  The  muscle  is  not  directly  and  by  itself 
subject  to  the  control  of  the  wiU.  According  to  L.  Fick,  the  following  phenomenon  is  due  to 
an  "associated  movement  "  of  the  tensor  : — When  he  pressed  his  jaws  firmly  against  each  other, 
he  heard  in  his  ear  a  piping,  singing  tone,  while  a  capillary  tube,  which  was  fixed  air-tight  into 
the  meatus,  had  a  drop  of  water  which  was  in  it  rapidly  drawn  inwards.  During  this  experi- 
ment, a  person  with  normal  hearing  hears  all  musical  tones  as  if  they  were  louder,  while  all  the 
highest  non-nuisical  tones  are  enfeebled  {Lucae).  Wlien  yaiming,  v.  Helmholtz  and  Politzer 
found  that  hearing  was  enfeebled  for  certain  tones. 

Contraction  of  the  tensor. — Hensen  showed  that  the  contraction  of  the  tensor 

tympani  during  hearing  is  not  a  continued  contraction,  but  what  might  be  termed 

a  "  twitch."    A  twitch  takes  place  at  the  beginning  of  the  act  of  hearing,  which 

favours  the  perception  of  the  sound,  as  the  membrana  tympani  thus  set  in  motion 

vibrates  more  readily  to  higher  tones  than  when  it  is  at  rest.  On 

exposing  the  tympanum  in  cats  and  dogs,  it  was  found  that  this 

contraction  or  twitch  occurs  only  at  the  beginning  of  the  sound, 

and  that  it  soon  ceases,  although  the  sound  may  continue. 

Action  of  the  Stapedius. — The  muscle  arises  within  the  emi- 

nentia  pyramidalis,  and  is  inserted  into  the  head  of  the  stapes  and 

Sylvian  ossicle  (fig.  583) ;  when  it  draws  upon  the  head  of  the 

Fig.  587.      stapes,  as  indicated  in  fig.  577,  by  the  small  curved  arrow,  it  must 

Right  stapedius  place  the  bone  obliquely,  whereby  the  posterior  end  of  the  plate  of 

muscle.        the  stapes  is  pressed  somewhat  deeper  imvanh  into  the  fenestra 

ovalis,  while  the  anterior  is,  as  it  were,  displaced  somewhat  outumxh.    The  stapes 

is  thereby  more  fixed,  as  the  fibrous  mass  [annular  ligament]  which  surrounds  the 
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fenestra  ovalis  and  keeps  the  stapes  in  its  place  becomes  more  tense.  The  activity 
of  this  muscle,  therefore,  prevents  too  intense  shocks,  which  may  be  communicated 
from  the  incus  to  the  stapes,  from  being  conveyed  to  the  perilymph.  It  is  supplied 
by  the  facial  nerve  (§  34:9,  3). 

The  .sta])edius  in  many  persons  executes  an  assoctaicrf  movement,  when  the  eyelids  are  forcibly 
closed  (§  349).  Soirie  persons  can  cause  it  to  contract  rcflexly  by  scratching  the  skin  in  front 
of  the  meatus,  or  by  gently  stroking  the  outer  margin  of  the  orbit  {Hcnlc).  It  seems  to  be 
excited  reflexly  in  many  diseases  of  the  ear  when  the  tym])anum  is  being  syringed. 

Other  Views. — According  to  Luoae,  when  the  stapes  is  displaced  obliquely,  its  head  forces  the 
long  ]irocess  of  the  incus,  and  also  the  membrana  tympani,  outwards,  so  that  it  is  regarded  as  an 
antayonist  of  tlie  tensor  tympani.  Politzer  observed  that  the  pressure  within  the  labyrinth 
fell,  when  he  stimulated  the  muscle.  According  to  Toynbee,  the  stai)edius  acts  as  a  lever  and 
moves  the  stapes  slightly  out  of  the  fenestra  ovalis,  thus  making  it  more  free  to  move,  so  that 
it  is  more  capable  of  vibrating.  Henle  supposes  that  the  stapedius  is  more  concerned  in  fixing 
than  in  nioving  the  stapes,  and  that  it  comes  into  action  when  there  is  danger  of  too  great  move- 
ment being  communicated  to  the  stapes  from  the  incus.  Landois  agrees  with  this  opinion,  and 
compares  the  stapedius  with  the  orbicularis  palpebrarum,  both  being  protective  muscles. 

Pathological. — Immobility  of  the  auditory  ossicles,  either  by  adhesions  or  anchyloses,  causing 
diminished  vibrations,  interferes  with  hearing ;  while  the  same  result  occurs  when  the  stapes  is 
firmly  anchylosed  into  the  fenestra  ovalis.  The  tendon  of  the  tensor  tympani  has  been  divided 
in  cases  of  contracture  of  the  muscles.  For  paralysis  of  the  tensor,  see  p.  598,  and  for  the 
sta]>edius,  ]>.  60-3. 

411.  EUSTACHIAN  TUBE— TYMPANUM.— The  Eustachian  tube  [4  centi- 
metres in  length,  1|  in.]  is  the  ventilating  tube  of  the  tympanic  cavity.  It  keeps 
the  tension  of  the  air  within  the  tympanum  the  same  as  that  within  the  pharynx 
and  outer  air  (figs.  -577,  586).  Only  when  the  tension  of  the  air  is  the  same  out- 
side and  inside  the  tympanum,  is  the  normal  vibration  of  the  membrana  tympani 
possible.  The  tube  is  generally  closed,  as  the  surfaces  of  the  mucous  membrane 
lining  it  come  into  apposition.  During  swallowing,  however,  the  tube  is  opened, 
owing  to  the  traction  of  the  fibres  of  the  tensor  veli  palatini  [spheno-salpingo- 
staphylinus  sive  abductor  tubae  {v  Troltsch),  sive  dilator  tubae  {Riidinger)]  inserted 
into  the  membrano-cartilaginous  part  of  the  tube  [Toynhee,  Politzer).  (Compare 
§  139,  2.)  When  the  tube  is  closed,  the  vibrations  of  the  membrana  tympani  are 
transferred  in  a  more  undiminished  condition  to  the  auditory  ossicles  than  when  it 
is  open,  whereby  part  of  the  vibrating  air  is  forced  through  the  tube  (Mach  and 
Kessel).  If,  however,  the  tympanic  cavity  is  closed  permanently,  the  air  within  it 
becomes  so  rarefied  (§  139)  that  the  membrana  tympani,  owing  to  the  abnormally 
low  tension,  becomes  drawn  inwards,  thus  causing  difficulty  of  hearing.  As  the 
tube  is  lined  by  ciliated  epithelium  it  carries  outwards  to  the  pharynx  the  secre- 
tions of  the  tympanum  (p.  452). 

Noise  in  the  Tube. — A  sharp  hissing  noise  is  heard  in  the  tube  during  swallowing,  when  we 
swallow  slowly  and  at  the  same  time  contract  the  tensor  tympani,  due  to  the  separation  of  the 
adhe.sive  surfaces  of  its  lining  membrane.  Anotlier  person  may  hear  this  noise  by  using  a 
stethoscope  or  his  ear. 

In  Valsalva's  experiment  (§  60),  as  soon  as  the  pressure  of  the  air  reaches  10  to  40  mm, 
H<'  air  enters  the  tube.  The  sound  is  heard  first,  and  then  we  feel  the  increased  tension  of 
the'  tympanic  membrane,  owing  to  the  entrance  of  air  into  the  tympanum.  During  forced 
inspiration,  when  the  nose  and  mouth  are  closed,  air  is  sucked  out,  while  the  tympanum  is 
ultimately  drawn  inwards. 

The  !M.  levator  veli  palatini,  as  it  passes  under  the  base  of  the  opening  of  the  tube  into  the 
pharynx,  forms  the  levator-eviviience  or  cushion  (fig.  354,  W).  Hence,  when  this  muscle  con- 
tracts and  its  belly  thickens,  as  at  the  commencement  of  the  act  of  deglutition  and  during 
phonation,  the  lower  wall  of  the  pharyngeal  opening  is  raised,  and  the  opening  thereby 
narrowed  (Luccce).  The  contraction  of  the  tensor,  occurring  during  the  later  part  of  the  act  of 
deglutition,  dilates  the  tube. 

Other  Views.— According  to  Riidinger,  the  tube  is  always  open,  although  only  by  a  very 
narrow  passage  in  the  upper  part  of  the  canal,  while  the  canal  is  dilated  during  swallowing. 
According  to  Cleland,  the  tube  is  generally  open,  and  is  closed  during  swallowing. 

[Practical  Importance. — The  tympanic  cavity  forms  an  osseous  box,  and  there- 
fore a  protective  organ  for  the  auditory  ossicles  and  their  muscles,  while  the 
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increased  air  space,  obtained  by  its  communication  witli  the  mastoid  cells,  permits 
free  vibration  of  the  membrana  tympani.  The  six  sides  of  the  tympanum  have 
important  practical  relations.  It  is  about  half  an  inch  in  height,  and  one  or  two 
lines  in  breadth,  i.e.,  from  without  inwards.  Its  roof  is  separated  from  the  cavity 
of  the  brain  by  a  very  thin  piece  of  bone,  which  is  sometimes  defective,  so  that 
encephalitis  may  follow  an  abscess  of  the  middle  ear.  The  oicter  wall  is  formed  by 
the  membrana  tympani,  while  on  the  wiwer  wall  are  the  fenestra  ovalis  and  rotunda, 
the  ridge  of  the  aqueductus  Fallopii,  the  promontory,  and  the  pyramid.  The  ^floor 
consists  of  a  thin  plate  of  bone,  which  roofs  in  the  jugular  fossa  and  separates  it 
from  the  jugular  vein.  Fractures  of  the  base  of  the  skull  may  rupture  the  carotid 
artery  or  internal  jugular  vein  ;  hence,  haemorrhage  from  the  ears  is  a  bad  symptom 
in  these  cases.  Caries  of  the  ear  may  extend  to  other  organs.  The  anterior  wall 
is  in  close  relation  with  the  carotid  artery,  while  the  2)osterior  communicates  with 
the  mastoid  cells,  so  that  fluids  from  'the  middle  ear  sometimes  escape  through  the 
mastoid  cells.] 

That  the  air  iii  the  tyinpaniim  can  communicate  its  vibratious  to  the  membrane  of  the  f  enestra 
rotunda  is  tine  (p.  797,  3),  but  nonnalhj  this  is  so  slight,  when  comjiared  with  the  conduction 
througli  tlie  auditory  ossicles,  that  it  scarcel}'  need  be  taken  into  account. 

Structure. — The  tube  and  tympanum  are  lined  by  a  common  mucous  membrane,  covered  hy 
ciliated  epithelium,  while  the  membrana  is  lined  by  a  layer  of  squamous  epithelium.  ^Mucous 
glands  were  found  hy  Trliltsch  and  Wendt  in  the  mucous  membrane. 
[The  epithelium  covering  the  ossicles  and  tensor  tympani  is  not  ciliated.] 
Pathological. — The  tube  is  often  occluded,  owing  to  chronic  catarrh 
and  narrowing  from  cicatrices,  hypertrophy  of  the  mucous  membrane, 
or  the  presence  of  tumours.  The  deafness  thereby  produced  may  often 
be  cured  by  cathetrrising  the  tube  from  the  nose  (fig.  588).  Effusions 
into  or  suppuration  within  tlie  tympanum  of  course  X)aralyse  the  sound- 
conducting  mechanism,  while  inflammation  often  causes  subsequent 
affections  of  the  plexus  tympanicus.    If  the  temporal  bone  be  destroyed 


Fig.  588. 
Eustachian  catheter. 


Fig.  589. 
Politzer's  ear  bag. 


by  progressive  caries  within  the  tympanum,  inflammation  of  the  neighbouring  cerebral  struc- 
tures may  occur  and  cause  death. 

[Methods. — Not  unfrequently  the  aurist  is  called  upon  to  dilate  the  Eustachian  tube,  which 
in  certain  cases  requires  the  use  of  a  Eustachian  catheter  introduced  into  the  tube  along  the 
floor  of  the  nose  (fig.  588).  At  other  times  he  requires  to  fill  the  tympanic  cavity  with  air, 
which  is  easily  done  by  means  of  a  Politzer's  bag  (fig.  589).  The  nozzle  is  introduced  into  one 
nostril,  while  the  other  nostril  is  closed,  and  the  patient  is  directed  to  swallow,  while  at  the 
same  moment  the  surgeon  compresses  the  bag,  and  the  patient's  mouth  being  closed,  air  is 
forced  through  the  open  Eustachian  tube  into  the  middle  ear.  Sometimes  a  small  curved 
narrow  manometer,  containing  a  drop  of  coloured  water,  is  placed  in  the  outer  ear  {Politzer). 
Normally,  when  the  patient  swallows,  the  fluid  ought  to  move  in  the  tube.] 

412.  CONDUCTION  OF  SOUND  IN  THE  LABYRINTH.— The  vibrations 
of  the  foot  of  the  stapes  in  the  fenestra  ovalis  give  rise  to  waves  in  the  perilymph 
within  the  inner  ear  or  labyrinth.  These  waves  are  so-called  '\fIexion  waves,"  i.e. 
the  perilymph  moves  in  mass  before  the  impulse  of  the  base  of  the  stapes.  This  is 
only  possible  from  the  existence  of  a  yielding  membrane — that  filling  the  fenestra 
rotunda,  and  sometimes  called  the  membrana  secundaria,  which  during  rest  bulges 
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inwards  to  the  scala  tympani,  and  can  be  bulged  outwards  towards  the  tympanic 
cavity  by  the  impulse  communicated  to  it  by  the  movement  of  the  perilymph 
(fig.  577,  r).  The  flexion  waves  must  correspond  in  number  and  intensity  to  the 
vibrations  of  the  auditory  ossicles,  and  must  also  excite  the  free  terminations  of 
the  auditory  nerve,  which  float  free  in  the  endolymph. 

As  the  endolymph  of  the  saccule  and  utricle  lying  in  the  vestibule  receives  the 
flrst  impulse,  and  as  these  communicate  anteriorly  with  the  cochlea,  and  posteriorly 
with  the  semicircular  canals,  consequently  the  motion  of  the 
perilymph  must  be  propagated  through  these  canals.  To 
reach  the  cochlea,  the  movement  passes  from  the  saccule 
(lying  in  the  fovea  hemispherica)  along  the  scala  vestibuli  to 
the  helicotrema,  where  it  passes  into  the  scala  tympani,  where 
it  reaches  the  membrane  of  the  fenestra  rotunda,  and  causes  it 
to  bulge  outwards.  From  the  utncle  (lying  in  the  fovea  hemi- 
elliptica),  in  a  similar  manner  the  movement  is  propagated  ExtornaUppeamnce  of 
through  the  semictrculai-  ca7ials.  Politzer  observed  that  the  the  lal)yriiith,  fenes- 
endolymph  in  the  superior  semicircular  canal  rose  when  he  tra  oralis,  cochlea  to 
caused  contraction  of  the  tensor  tympani  by  stimulating  the  left,  and  (/)  the 
trigeminus,  just  as  the  base  of  the  stapes  must  be  forced  SiJ^Ad  (?)  posS^^ 
against  the  perilymph  with  every  vibration  of  the  membrana  semicircular  canal 
tympani.  (left). 

[Practical. — It  is  well  to  view  the  organ  of  hearing  as  consisting  of  two 
mechanisms  : — 

1.  The  sound-conducting  apparatus. 

2.  The  sound-perceiving  apparatus. 

The  former  includes  the  outer  ear,  with  its  auricle  and  external  meatus;  the 
middle  ear  and  the  parts  which  bound  it,  or  open  into  it.  The  latter  consists  of 
the  inner  ear  with  the  expansion  of  the  auditory  nerve  in  the  labyrinth,  the  nerve 
itself,  and  the  sound-perceiving  and  interpreting  centre  or  centres  in  the  brain 
(p.  703).] 

[Testing  the  Sound-conduction. — In  any  case  of  deafness,  it  is  essential  to 
estimate  the  degree  of  deafness  by  the  methods  stated  at  p.  798,  and  it  is  well  to 
do  so  both  for  such  sounds  as  those  of  a  watch  and  conversation.    We  have  next  to 
determine  whether  the  sound-conducting  or  the  sound-perceivinfj  apparatus  is  affected. 
If  a  person  is  deaf  to  sounds  transmitted  through  the  air,  on  applying  a  sounding 
tuning-fork  to  the  middle  line  of  the  head  or  teeth,  if  it  be  heard  distinctly, 
then  the  sound-perceiving  apparatus  is  intact,  and  we  have  to  look  for  the  cause  of 
deafness  in  the  outer  or  middle  ear.    In  a  healthy  person,  the  sound  of  the  tuning- 
fork  is  heard  of  equal  intensity  in  both  ears.    In  this  case  the  sound  is  conducted 
directly  to  the  labyrinth  by  the  cranial  bones.    In  cases  of  disease  of  the  sound- 
conducting  mechanism,  the  sound  of  the  tuning-fork  is  heard  loudest  in  the  deafer 
ear.    Ed.  Weber  pointed  out  that,  if  one  ear  be  stopped  and  a  vibrating  tuning- 
fork  placed  on  the  head,  the  sound  is  referred  to  the  plugged  ear,  where  it  is  heard 
loudest.    It  is  assumed  that  when  the  ear  is  plugged,  the  sound-waves  transmitted 
by  the  cranial  bones  are  prevented  from  escaping  {Mnch).    If,  on  the  contrary,  the 
sound  be  heard  loudest  in  the  good  ear,  then  in  all  probability  there  is  some  affection 
of  the  sound-perceiving  apparatus  or  labyrinth,  although  there  are  exceptions  to 
this  statement,  especially  in  elderly  people.    Another  plan  is  to  connect  two  tele- 
phones with  an  induction  machine,  provided  with  a  vibrating  Neef's  hammer.  The 
sounds  of  the  vibrations  of  the  latter  are  reproduced  in  the  telephones,  and  if  they 
be  placed  to  the  ears,  then  the  healthy  ears  hear  only  one  sound,  which  is  referred 
to  the  middle  line,  and  usually  to  the  back  of  the  head.    In  diseased  conditions 
this  is  altered — it  is  referred  to  one  side  or  the  other.] 
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413  LABYEINTH  AND  AUDITORY  NERVE.— Scheme.— The  vestibule  (fig.  591,  III) 
contai^;  two  separate  sacs;  one  of  them,  the  sacciile,  5  (round  sac  or  S.  hemisnh.^ricu.s),  com- 
municates witli  the  ductus  cochlearis,  Cc,  of  the  cochlea;  the  other,  tlie  utncle,  U  (elliptical 
.sac  or  sacculus  heniiellipticus),  communicates  with  the  semicircular  canals,  Cs,  Cs. 

The  cochlea  consists  of  2^  turns  of  a  tube  disposed  round  a  central  column  or  modiolus.  1  he 
tube  is  divided  into  two  compartments  by  a  horizontal  septum,  jjartly  osseous  and  partly 
membranous,  the  lamina  spiralis  ossea  and  membranacea  (tig.  595  ;  fig.  591,  I).  The  lower 
compartment  is  the  scala  tympani,  and  is  separated  from  the  cavity  of  the  tympanum  by  the 
membrane  of  the  fenestra  rotunda.  .  ,   ^t.        ^-u  1  <• 

The  upper  compartment  is  tlie  scala  vestibuli,  which  communicates  with  the  vestibule  ot 
the  labyrinth  (fig.  591,  I).  These  two  compartments  communicate  directly  by  a  small  opening 
at  the  apex  of  the  cochlea,  a  .sickle-shaped  edge  ["hamulus"]  of  the  lamina  spiralis  bounding 
the  helicotrema  (fig.  577).    The  scala  vestibuli  is  divided  by  Reissner's  membrane  (fig.  591,  1), 
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Fig.  591. 

I,  transverse  section  of  a  turn  of  the  cochlea  ;  II,  A,  ampulla  of  a  semicircular  canal  with  the 
crista  acustica ;  a,  p,  auditory  cells  ;  p,  provided  with  a  fine  hair  ;  T,  otoliths  ;  III. 
scheme  of  the  human  labyrinth  ;  IV,  scheme  of  a  bird's  labyrinth  ;  V,  scheme  of  a  fish's 
labyrinth. 

which  arises  near  the  outer  part  of  the  lamina  spiralis  ossea,  and  runs  obliquely  outwards  to 
the  wall  of  the  cochlea  so  as  to  cut  off  a  small  triangular  canal,  the  ductus  or  canalis  cochlearis, 
or  scala  media,  Cc,  whose  floor  is  formed  for  the  most  part  by  the  lamina  spiralis  membranacea, 
and  on  which  the  end-organ  of  the  auditory  nerve — Corti's  organ — is  placed.  The  lower  end 
of  the  canalis  cochlearis  is  blind,  III,  and  divided  towards  the  saccule,  with  which  it  com- 
municates by  means  of  the  small  canalis  reunions,  Or  {Hciiscn).  The  utricle  (fig.  591,  III,  U) 
communicates  with  the  three  semicircular  canals,  Cs,  Cs — each  by  means  of  an  ampulla, 
within  which  lie  the  terminations  of  the  ampullary  nerves,  but  as  the  posterior  and  the 
superior  canals  unite,  there  is  only  one  common  ampulla  for  them.  The  membranous  semi- 
circular canals  lie  within  the  osseous  canals,  perilymph  lying  between  the  two.  Perilymph  also 
fills  the  scala  vestibuli  and  tympani,  so  that  all  the  spaces  within  the  labyrinth  are  filled  by 
fluid,  while  the  spaces  themselves  are  lined  by  short  cylindrical  epithelium. 

The  system  of  spaces,  filled  by  endolymph,  is  the  only  part  containing  the  nervous  end-organs 
for  hearing.  All  these  spaces  communicate  with  each  other ;  the  semicircular  canals  directly 
with  the  utricle,  the  ductus  cochlearis  with  the  saccule  through  the  canalis  reuniens  ;  and 
lastly,  the  saccule  and  utricle  through  the  "  saccus  endolymphaticus, "  which  springs  by  an 
isolated  limb  from  each  sac ;  the  limbs  then  unite,  as  in  the  letter  Y>  and  pass  through  the 
osseous  aqueductus  vestibuli  to  end  blindly  in  the  dura  mater  of  the  brain  (fig.  Ill,  R — Bdttchcr 
Retzim).  The  aqueductus  cochlea  is  another  narrow  passage,  which  begins  in  the  scala  tympani' 
immediately  in  front  of  the  fenestra  rotunda,  and  opens  close  to  the  fossa  jugularis.  it  forms 
a  direct  means  of  communication  between  the  perilymph  of  the  cochlea  and  the  subarachnoid 
space. 

SemicirciUar  Canals  and  Vestibular  Sacs. — The  membranous  semicircular  canals  do  not  fill 
the  corre,sponding  osseous  canals  completely,  but  are  separated  from  thein  by  a  jjretty  wide 
space,  which  is  filled  with  perilym])h  (fig.  592).    At  the  concave  margin  they  are  fixed  by  con- 
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nective-tissue  to  the  osseous  walls.  The  ainpulliB,  however,  completely  fill  the  correspouding 
osseous  dilatations.  The  canals  and  anipvdhe  consist  externally  of  an  outer,  vascular,  connec- 
tive-tissue layer,  on  which  there  rests  a  well-marked  hyaline  layer,  bearing  a  single  layer  of 
nattened  epithelium. 

Crista  Acxistica.  — The  vestibular  branch  of  the  auditory  nerve' sends  a  branch  to  each  ampulla 
and  to  tlie  saccule  and  utricle  (tig.  593).    In  the  ampnllse  (fig.  591,  II,  A),  the  nerve  (c)  ter- 


Fig.  592.  Fig.  593. 

The  interior  of  the  right  labyrinth  with  its  membranous  canals  and  nerves.  In  fig.  592,  the 
outer  wall  of  the  bony  labyrinth  is  removed  to  show  the  membranous  parts  within — 1, 
commencement  of  the  spiral  tube  of  the  cochlea;  2,  posterior  semicircular  canal,  partly 
opened ;  3,  horizontal ;  4,  superior  canal ;  5,  utricle ;  6,  saccule ;  7,  lamina  sjtiralis ;  7', 
scala  tympani;  8,  ampulla  of  the  superior  membranous  canal;  9,  of  the  horizontal;  10,  of 
the  posterior  canal.  Fig.  593  shows  the  membranous  labyrinth  and  nerves  detached — 1, 
facial  nerve  in  the  internal  auditory  meatus ;  2,  anterior  division  of  the  auditory  nerve 
giving  branches  to  5,  8,  and  9,  the  utricle  and  the  ampulla;  of  the  superior  and  horizontal 
canals;  3,  posterior  division  of  the  auditory  nerve,  giving  branches  to  the  saccule,  6,  and 
posterior  ampulla,  10,  and  cochlea,  4 ;  7,  united  part  of  the  posterior  and  superior  canals ; 
11,  posterior  extremity  of  the  horizontal  canal. 

minates  in  connection  with  the  crista  aciistica,  which  is  a  yellow  elevation  projecting  into  the 
equator  of  the  ampulla.  The  medullateil  nerve-fibres,  n,  form  a  plexus  in  the  connective-tissue 
layer,  lose  their  myelin  as  they  pass  to  the  hyaline  basement  mem- 
brane, and  each  ends  in  a  cell  i)rovided  with  a  rigid  hair  (0,  p)  90  ju 
in  length,  so  that  the  crista  is  largely  covered  with  these  hair-cells, 
but  between  them  are  supporting  cells  like  cylindrical  epithelium 
(a),  and  not  unfrequently  containing  granules  of  yellow  pigment. 
The  hairs  or  "auditory  hairs"  {M.  Schultze)  are  composed  of  many 
tine  fibres  [Retzias).  An  excessively  fine  membrane  (membrana 
tectoria)  covers  the  hairs  {Pritchard,  Lang). 

MaculsB  AcusticsB. — The  nerve-terminations  in  the  maculte  acus- 
ticfe  of  the  saccule  and  utricle  are  exactly  the  same  as  in  the  am- 
pullfe,  only  the  free  surface  of  their  membrana  tectoria  is  sprinkled 
with  small  white  chalk-like  crystals  or  otoliths  (11,  T),  composed 
of  calcic  carbonate,  which  are  sometimes  amorphous  and  partly  in 
the  form  of  arragonite,  lying  fixed  in  the  viscid  endolymph.  The 
non-meduUated  axis-cylinders  of  the  saccular  nerves  enter  directly 
into  the  substance  of  the  hair-cells.  The  terminations  of  the  nerves 
have  been  investigated,  chiefly  in  fishes,  in  the  rays. 

[Fig.  594  is  a  vertical  section  of  a  macula  acustica  of  the  rabbit. 
The  medullated  nerves  (?i)  lose  their  myelin  at  the  external  limiting 
membrane,  become  non-medullated,  pierce  this  membrane,  and 
form  a  basal  })lexus  (pb)  between  (i)  the  epithelial  cells,  and  finally 
terminate  in  the  sensory  ciliated  cells  (r).  The  ejiithelium  itself 
consists  of  basal  cells  (cb),  fusiform  or  supporting  cells  (/),  and  the 
ciliated  neuro-epithelium  (?•),  each  cell  being  provided  with  a  cilium, 
which  perforates  the  external  limiting  membrane  («).  There  is 
thus  a  remarkable  likeness  to  the  olfactory  epithelium.] 

Cochlea.  — The  terminations  of  the  cochlear  branch  of  the  audi- 
tor}' nerve  lie  in  connection  with  Corti's  organ,  which  is  jdaced  in  the  canalis  ov  ductus  coch- 
learis  (fig.  591,  I,  Cc,  and  III,  Cc,  and  fig.  595),  the  small  triangular  chamber  [or  scala  media,] 
cut  off  from  the  scala  vestibuli  by  the  membrane  of  Reissner.  Corti's  organ  is  placed  on  the 
lamina  spiralis  membranacea,  and  consists  of  a  supporting  ajiparatus  composed  of  the  so-called 
Corti's  arches,  each  of  which  consists  of  two  Corti's  rods  [z,  y),  which  lie  upon  each  other  like 


594. 

Vertical  section  of  the  ma- 
cula acustica  of  a  rabbit. 
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the  beams  of  a  house  But  every  two  rods  do  not  form  an  arch,  as  there  are  always  three  inner 
to  two  outer  rods  (Claitdius).    There  are  about  4500  outer  rods  (  WahUyer). 

The  ductus  cochlearis  becomes  larger  towards  the  apex  of  the  cochlea,  and  the  rods  also 
become  longer  ;  the  inner  ones  are  30  m  lo"g  in  the  lirst  turn,  and  34  fx  m  the  upper  t he 
outer  rods  47  /u  and  69  /t  respectively.    The  span  of  the  arches  also  increases  {Hensen).  \_\.)xe 


Canalis  cochlearis 


^\)Tana  basilaris 


¥\g.  595. 

Scheme  of  the  ductus  cochlearis  and  the  organ  of  Oorti 


!N,  cochlear  nerve ;  K,  inner,  and  P, 
outer  hair-c^lls;  n,  nerve-fibrils  terminating  in  P;  a,  a,  supporting  cells;  d,  cells  in  the 
sulcus  spiralis ;  r.,  inner  rod  of  Corti ;  Mb.  Corti,  membrane  of  Corti,  or  the  membrana 
tectoria;  o,  the  membrana  reticularis;  H,  G,  cells  filling  up  the  space  near  the  outer  wall. 


arches  leave  a  triangular  tunnel  beneath  them.]  The  proper  end-organs  of  the  cochlear  nerve 
lire  the  cylindrical  "hair-cells"  {KoUikcr)  previously  observed  by  Corti,  which  are  from 
16,400  to  20,000  iu  number  {Hensen,  JFalde>/er).  Tliere  is  07ie  row  of  inner  cells  (i),  which 
rests  on  a  layer  of  small  granular  cells  (K)  (Bottcher,  Waldeycr)  ;  the  outer  cells  {a,  a)  number 
12,000  in  man  (Eetzius),  and  rest  upon  the  basement  membrane,  being  disposed  in  three  or 
even  four  rows.  Between  the  outer  hair-cells  there  are  other  cellular  structures,  which  are 
either  regarded  as  special  cells  (Deiter's  cells),  or  are  regarded  merely  as  processes  of  the  hair- 
cells  (Lavdowsky).  [The  cochlear  branch  of  the  auditory  nerve  enters  the  modiolus,  and  runs 
upwards  in  the  osseous  channels  there  provided  for  it,  and  as  it  does  so  gives  branches  to  the 
lamina  spiralis,  where  they  run  between  the  osseous  plates  which  form  the  lamina.]  The 
fibres  (N)  come  out  of  the  lamina  spiralis  after  traversing  the  ganglionic  cells  in  their  course 
(figs.  591,  595,  I,  G),  and  end  by  fine  varicose  fibrils  in  the  hair-cells  (fig.  595)  ( TValdcyer, 
Gotlstcin,  Lavdovsky,  Eetzius). 

Membrana  Reticularis. — Corti 's  rods  and  the  hair-cells  are  covered  by  a  special  membrane 
{<)),  the  membrana  reticularis  of  Kolliker.  The  upper  ends  of  the  hair-cells,  however,  project 
through  holes  in  this  membrane,  which  consists  of  a  kind  of  a  cement-substance  holding  these 
parts  together  {Lavdowsky).  [Springing  from  the  outer  end  of  the  lamina  spiralis,  or  crista 
spiralis,  is  tlie  membrana  tectoria,  sometimes  called  the  membrane  of  Corti.  It  is  a' well- 
defined  structure,  often  fibrillated  in  appearance,  and  extends  outwards  over  the  organ  of  Corti.] 
Waldeyer  regards  it  as  a  damping  apparatus  for  this  organ  (fig.  595,  Mb.  Corti). 

[Basilar  Membrane.— Its  breadtli  increases  froTu  the  base  to  the  apex  of  the  cochlea.  This 
fact  is  important  in  connection  with  the  theory  of  the  perception  of  tone.  It  is  supposed  that 
high  notes  are  appreciated  by  structures  in  connection  with  the  former,  and  low  notes  by  the 
upper  parts  of  the  basilar  membrane.  In  one  case,  recorded  by  Moos  and  Steinbrugge,  a 
patient  heard  low  notes  only  in  the  right  ear,  and  after  death  it  was  found  that  the  auditory 
nerve  in  the  first  turn  of  the  cochlea  was  atrophied.] 

Intra-Labyrinthine  Pressure.— The  lymph  within  the  labyrinth  is  under  a  certain  pressure. 
Evei-y-  diminution  of  the  pressure  of  the  air  in  the  tympanum  is  accompanied  by  a  correspond- 
ing diminution  of  the  intra-labyrinthine  pressure,  while  conversely  every  increase  of  pressure 
is  accompanied  by  an  increase  of  the  lymph-pressure  {F.  Bczold). 
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The  periljrmph  of  the  inner  ear  flows  away  chiefly  through  the  aqueductus  coch- 
leiB,  in  the  circumference  of  the  foramen  jungulare,  into  the  peripheral  lymphatic 
system,  which  also  takes  up  the  cerebro-spinal  fluid  of  the  subarachnoid  space, 
while  a  small  part  drains  away  to  the  sub-dural  space  through  the  internal  auditory 
meatus.  The  endolymph  flows  through  the  arachnoid  sheath  of  the  N.  acusticus 
into  the  subarachnoid  space  (C.  Hasse). 

414.  AUDITORY  PERCEPTIONS.— Every  normal  ear  is  able  to  distinguish 
musical  tones  and  noises.  Physical  experiments  prove  that  tones  are  produced 
when  a  vibrating  elastic  body  executes  periodic  movements,  i.e.,  when  the  sound- 
ing body  executes  the  same  movement  in  equal  intervals  of  time,  as  the  vibrations 
of  a  string  which  has  been  plucked.  A  noise- is  produced  by  non-periodic  move- 
ments, i.e.,  when  the  sounding  body  executes  unequal  movements  in  equal  intervals 
of  time.  [The  non-periodic  movements  clash  together  on  the  ear,  and  produce  dis- 
sonance, as  w^hen  we  strike  the  key-board  of  a  piano  at  random.]  This  is  readily 
proved  by  means  of  the  siren.  Suppose  that  there  are  forty  holes  in  the  rotatory 
disc  of  this  instrument,  placed  at  exactly  the  same  distance  from  each  other — on 
rotating  the  disc  and  directing  a  current  of  air  against  it,  obviously  with  every 
rotation  the  air  will  be  rarefied  and  condensed  exactly  forty  times.  Every  two 
condensations  and  rarefactions  are  separated  from  each  other  by  an  equal  interval 
of  time.  This  arrangement  yields  a  characteristic  musical  tone  or  note.  If  a 
similar  disc  with  holes  perforated  in  it  at  unequal  distances  be  used,  on  air  being- 
forced  against  it,  a  whirring  non-musical  noise  is  produced,  because  the  movements 
of  the  sounding  body  (the  condensations  and  rarefactions  of  the  air)  are  non-periodic. 
[The  double  siren  of  v.  Helmholtz  is  an  improved  instrument  for  showing  the  same 
facts.] 

The  normal  ear  also  distinguishes  in  every  tone  three  distinct  factors : — 
[(1)  Intensity  or  force  ;  (2)  Pitch;  (3)  Quality,  timbre  ox  klaruj."] 

1.  The  intensity  qf  a  tone  depends  upon  the  greater  or  lesser  amplitude  of  the 
vibrations  of  the  sounding  body.  It  is  well  known  that  a  vibrating  string  emits 
a  feebler  sound  when  its  excursions  are  smaller.  (The  intensity  of  a  sound  corre- 
sponds to  the  derjree  of  illumination  or  brightness  in  the  case  of  the  eye. ) 

2.  The  pitch  depends  upon  the  number  of  vibrations  which  occur  in  a  given 
time  [or  the  length  of  time  occupied  by  a  single  vibration].  This  is  proved  by 
means  of  the  siren.  If  the  rotating  disc  have  a  series  of  forty  holes  at  equal 
intervals,  and  another  series  of  eighty  equidistant  from  each  other,  on  blowing  a 
stream  of  air  against  the  rotating  disc  we  hear  two  sounds  of  unequal  pitch,  one 
being  the  octave  of  the  other.  (The  perception  of  pitch  corresponds  to  the  sensation 
of  colour  in  the  case  of  the  eye.) 

3.  The  quality  or  timbre  {'■'■  Khmgfarbe")  is  peculiar  to  different  sonorous 
bodies.  [It  is  the  peculiarity  of  a  musical  tone  by  which  we  are  enabled  to  dis- 
tinguish it  as  coming  from  a  particular  instrument,  or  from  the  human  voice. 
Thus,  the  same  note  struck  on  a  piano  and  sounded  on  a  violin  differs  in  quality 
or  timbrei\  It  depends  upon  the  2)eculiar  form  of  the  vibration,  or  the  form  of  the 
wave  of  the  sonorous  body.    (There  is  no  analagous  sensation  in  the  case  of  light.) 

I.  Perception  of  Pitch. — By  means  of  the  organ  of  hearing,  we  can  determine  that  different 
tones  have  a  different  pitch.  In  the  so-called  musical  scale,  or  gamut,  this  difference  is  very 
marked  to  a  normal  ear.  But  in  tlie  scale  there  are  again  four  tones,  which,  when  they  are 
sounded  together,  cause  in  a  normal  ear  the  sensation  of  an  agreeable  sound,  which  once  heard 
can  readily  be  reproduced.  This  is  the  tone  of  the  so-called  accord,  Triad,  or  Common  Chord, 
consisting  of  the  1st,  3rd,  and  5t]i  tones  of  the  scale,  to  which  the  8th  tone  or  octave  is  added. 
"We  have  ne.xt  to  determine  the  pitch  of  the  tones  of  the  chord,  and  then  that  of  the  other 
tones  of  tlie  scale.  The  siren  is  used  for  the  fundamental  experiment,  from  wliich  the  others 
can  easily  be  calculated.  Four  concentric  circles  are  drawn  upon  the  rotatory  disc  of  the  siren  ; 
the  inner  circle  contains  40  holes,  the  second  50,  the  third  60,  and  the  outer  80— all  the  holes 
bein<^  at  equal  distances  from  each  other.    If  the  disc  be  rotated,  and  air  forced  against  each 
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series  of  holes  in  turn,  we  distinguish  successively  the  four  tones  of  the  accoi-d  (ruajor  chord 
with  its  octave)  ;  when  all  the  four  series  are  blown  upon  simultaneously,  we  hear  in  complete 
purity  the  major  chord  itself.  The  relative  number  of  the  holes  in  the  four  series  indicates  in 
the  simplest  manner  the  relative  pitch  of  the  tones  of  the  major  chord.  While  one  revolution 
of  the  disc  is  necessary  to  produce  the  fundamental  groimd-tonc  (key-note  or  tonic)  with  40 
condensations  and  rarefactions  of  the  air — in  order  to  produce  tlie  octave,  we  must  have 
double  the  number  of  condensations  and  rarefactions  during  one  revolution  in  the  same  time. 
Thus,  the  relation  of  the  number  of  vibrations  of  the  Ground-tone  or  Tonic  to  the  Octave  next 
above  it,  is  1  :  2.  In  the  second  series  we  have  50  holes,  which  causes  the  jiitch  of  the  third  ; 
hence,  the  relation  of  the  Ground-tone  to  the  Third  in  this  case  is  40  :  50,  or  1  :  1J  =  5,  i.e.,  for 
every  vibration  of  the  Ground-tone  there  are  f  vibrations  in  the  Third.  In  the  third  series  are 
60  holes,  which,  when  blown  upon,  yield  the  fifth  ;  hence,  the  ratio  of  the  Ground-tone  to  the 
Fifth  in  our  disc  is  40  :  60,  or  1  :  1^  =  f.  In  the  same  way  we  can  estimate  the  pitch  of  the 
Fourth  tone,  and  we  find  that  the  number  of  vibrations  of  the  First,  Third,  Fifth,  and  Octave 
are  to  each  other  as  1  :  ^  :  f  :  2. 

The  minor  chord  is  quite  as  characteristic  to  a  normal  ear  as  the  major.  It  is  distinguished 
essentially  from  the  latter  by  its  Third  being  half  a  tone  lower.  We  can  easily  imitate  it  by 
the  siren,  as  the  Minor  Third  consists  of  a  number  of  vibrations  which  stand  to  the  Ground- 
tone  as  6  :  5,  i.e.,  if  5  vibrations  occur  in  a  given  time  in  the  Ground-tone,  then  6  occur  in  the 
Minor  Third  ;  its  vibration  number,  therefore,  is  f. 

From  these  relations  of  the  Major  and  Minor  common  chords,  we  may  calculate  the  relative 
tones  in  the  scale,  and  we  mwst  remember  that  the  Octave  of  a  tone  always  yields  the  fullest 
and  most  complete  harmony.  It  is  evident  that  as  the  Major  Third,  and  Minor  Third,  and  the 
Fifth  harmonise  with  the  fundamental  Ground-tone  or  key-note,  they  must  also  harmonise  with 
the  Octave  of  the  key-note.  We  obtain  from  the  Major  Third  with  the  number  of  vibrations 
-J,  the  Minor  Sixth  |,  from  the  Minor  Third  with  f,  the  Major  Sixth  =  (^=)  f ;  from  the  Fifth 
with  the  Fourth  =  f.  These  relations  are  known  as  the  "  Inversions  of  the  intervals."  These 
relations  of  the  tones  are,  collectively,  the  consonant  intervals  of  the  scale.  The  dissonant 
stages,  or  discords,  of  the  scale  can  be  obtained  as  follows  : — Suppose  that  Ave  have  the  Ground- 
tone  or  key-note  C,  with  the  number  of  vibrations=  I,  the  Third  E  =  |,  the  Fifth  G  =  f,  and  the 
Octave  =  2,  we  then  derive  from  the  Fifth  or  Dominant  G  a  Major  chord — this  is  G,  B,  D'. 
The  relative  number  of  vibrations  of  these  3  tones  is  the  same  as  in  the  Major  chord  of  Ci,  C,  E, 
G.  Hence,  the  number  of  vibrations  of  G  :  B  is  as  G  :  E.  When  we  substitute  the  values  we 
obtain  f  :  B  =  l  :  l—i.e.,  B=  V-  But  D'  :  B  =  G  :  E  ;  so  that  D  :  y  =f  :  f,  i.e.,  0'  =  V,  or 
an  octave  lower,  we  have  D  =  |.  Deduce  from  F  (subdominant)  a  Major  chord,  F,  A,  C.  The 
relation  of  A  :  C'  =  E  :  G,  or  A  :  2  =  i  :  f,  i.e.,  A  =  §.  Lastly,  F  :  A  =  C  :  E,  or  F  :  ^  =  1 :  ^, 
i.e.,  F  =  f.  So  that  all  the  tones  of  the  scale  have  the  following  number  of  vibrations  : — I., 
C  =  I;  II.,D=  |;  III.,  E  =  f  ;  IV.,  F  =  t ;  V.,  G  =  t;  VI.;  A  =  f ;  VII.,  B=V;  VIII.,  0  =2. 

Conventional  Estimate  of  Pitch.— Conventionally,  the  pitch  or  concert-pitch  of  the  note,  a, 
is  taken  at  440  vibrations  in  the  second  {Scheibler,  1834),  although  in  France  it  is  taken  at  435 
vibrations  per  second.  From  this  we  can  estimate  the  absolute  number  of  vibrations  for  the 
tones  of  the  scale  :—C  =  33,  D  =  37-125,  E  =  41-25,  F  =  44,  G  =  49-5,  A  =  55,  B  =  61-875  vibra- 
tions. The  number  of  vibrations  of  the  next  highest  octave  is  found  at  once  by  multiplying 
these  numbers  by  2. 

Musical  Notes.— The  lowest  notes  used  in  music  are  the  double-bass,  E,  with  41-2.^)  vibra- 
tions, pianoforte  C  with  33,  grand  piano  A'  with  27-5  and  organ  C'  with  16-5.    The  highest 
notes  in  music  are  the  jnanoforte  c^  with  4224,  and  d^  on  the  piccolo-flute,  with 
4752  vibrations  per  second. 

Limits  of  Auditory  Perception. — According  to  Preyer,  the  limit  of  the 
perception  of  the  lowest  axxdible  tone  lies  between  16  and  23  vibrations 
per  second,  and  e""  with  40,960  vibrations  as  the  highest  audible  tone ; 
so  that  this  embraces  about  octaves. 

[Audibility  of  Shrill  Notes.— This  varies  very  greatly  in  different  persons  ( JVol- 
laston).  There  is  a  remarkable  falling  off  of  the  power  as  age  advances  {Gallon). 
For  testing  this  Galton  uses  a  small  whistle  made  of  a  brass  tube,  with  a  diameter 
of  less  than  ^xh.  of  an  inch  (fig.  596).  A  plug  is  fitted  at  the  lower  end  to  lengthen 
or  shorten  the  tube,  whereby  the  pitch  of  the  note  is  altered.  Amongst  animals 
Galton  finds  none  superior  to  cats  in  the  power  of  hearing  shrill  sounds,  and  he 
Fig.  596.  attributes  this  "to  differentiation  by  natural  selection  amongst  these  animals  until 
Galton's  ^^'^^  ^^^^^  P<^^<^^'  hearing  all  the  high  notes  made  by  mice  and  other  little 
Whistle    creatures  they  have  to  catch."] 

Variations  in  Auditory  Perception. —It  is  rare  to  find  that  tones  produced  by 
more  than  35,000  vibrations  per  second  are  heard.  When  the  tensor  tympani  is  contracted  the 
perception  may  be  increased  for  tones  3000  to  5000  vibrations  higher,  but  rarely  more  Patho- 
logically, the  perception  for  high  notes  may  be  abnormally  acute— (1)  When  the  tension  of  the 
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sound-conductiug  apparatus  generally  is  increased.  (2)  By  elimination  of  the  sound-conducting 
apparatus  of  the  middle  ear,  which  otters  greater  or  less  resistance  to  the  propagation  of  very 
high  notes,  as  perforation  of  the  membrane  tympani,  or  loss  of  the  incus  and  malleus.  In  these 
cases,  the  stapes  is  directly  set  in  vibration  by  the  sound-waves,  when  tones  up  to  80,000  vibra- 
tions have  been  perceived.  Diminished  tension  of  the  sound-conducting  apparatus  causes 
diminution  of  the  perception  for  high  tones  {Blake). 

A  smaller  number  of  vibrations  than  16  per  second  (as  in  the  organ)  arc  no  longer  heard  as  a 
tone,  but  as  single  dull  impulses.  The  tones  that  are  produced  beyond  the  highest  audible 
note,  as  by  stroking  small  tuning-forks  with  a  violin  bow,  are  also  no  longer  heard  as  tones, 
but  they  cause  a  painful  cutting  kind  of  impression  in  the  ear.  In  the  musical  scale  the  range 
is,  approximately,  from  C  of  the  first  octave  with  16-5  vibrations  to  e,  the  eighth  octave. 

Comparison  of  Ear  and  Eye.— In  comparing  the  perception  of  the  eye  with  that  of  the  ear, 
we  see  at  once  that  the  range  of  accommodation  of  the  ear  is  much  greater.  Red  has  456  billions 
of  vibrations  per  second,  while  the  visible  violet  has  but  667,  so  that  the  eye  only  takes  cognis- 
ance of  vibrations  which  do  not  form  even  one  octave. 

Lowest  Audible  Tone. — ^As  to  the  smallest  number  of  successive  vibrations  which 
the  ear  can  perceive  as  a  sensation  of  tone,  Savart  and  Pfaundler  considered  that 
two  would  suffice.  If,  however,  we  exclude  in  our  experiments  the  possibility  of 
the  occurrence  of  overtones,  4  to  8  (Mach)  or  even  16  to  20  vibrations  {F.  Auerbach, 
Kohlramch)  are  necessary  to  produce  a  characteristic  tone. 

When  tones  succeed  each  other  rapidly,  they  are  still  perceived  as  distinct,  when 
at  least  0"1  second  intervenes  between  two  successive  tones  {v.  Helmholtz) ;  if  they 
follow  each  other  more  rapidly,  they  fuse  with  each  other,  although  a  short-time 
interval  is  sufficient  for  many  musical  tones. 

By  the  term,  '■\fineness  of  the  ear"  or,  as  we  say,  a  "good  ear,"  is  meant  the 
capacity  of  distinguishing  from  each  other,  as  different,  two  tones  of  nearly  the 
same  number  of  vibrations.  This  power  can  be  greatly  increased  by  practice,  so 
that  musicians  can  distinguish  tones  that  differ  in  pitch  by  only  ^i^,  or  even 
TnW'      their  vibrations. 

With  regard  to  the  time-sense,  it  is  found  that  beats  are  more  precisely  perceived 
by  the  ear  than  by  the  other  sense-organs  {Iloring,  Mach). 

Pathological. — According  to  Lucae,  there  are  some  ears  that  are  better  adapted  for  hearing 
low  notes  and  others  for  high  notes.  Both  conditions  are  disadvantageous  for  hearing  speech. 
Those  who  hear  low  notes  best  hear  the  highest  consonants  imperfectly.  The  low  notes  are 
heard  abnormally  loud  in  rheumatic  facial  paralysis,  while  the  high  tones  are  heard  abnormally 
loud  in  cases  of  loss  of  the  membrana  tympani,  incus,  and  malleus.  The  stapedius  is  in  full 
action,  whereby  the  highest  tones  are  heard  louder  at  the  expense  of  the  lower  notes.  Many 
persons  with  normal  hearing  hear  a  tone  higher  with  one  ear  than  with  the  other.  This  con- 
dition is  called  diplacusis  binanralis.  In  rare  cases,  sudden  loss  of  the  perception  of  certain 
tones  has  been  observed,  cjj.,  the  bass-deafness  of  Moos.  In  a  case  described  by  Magnus,  the 
tones  d',  b',  were  not  heard  (§  316). 

II.  Perception  of  the  Intensity  of  Tone. — The  iiUensity  of  a  tone  depends  upon  the  amiM- 
tiulc  of  the  vibrations  of  the  sounding  body.  The  intensity  of  the  tone  is  proportional  to  the 
square  of  the  amplitude  of  vibration  of  the  sounding  body,  i.e.,  with  2,  3,  or  4  times  the  ampli- 
tude the  intensity  of  the  tone  is  4,  9,  16  times  as  strong.  As  sonorous  vibrations  are  com- 
municated to  our  ears  by  the  wave-movements  of  the  air,  it  is  evident  that  the  tones  must 
become  less  and  less  intense  the  further  we  are  from  the  source  of  the  sound.  The  intensity  of 
the  sound  is  inversely  proportional  to  the  square  of  the  distance  of  the  source  of  the  sound  from 
the  ear. 

Tests. — 1.  Place  a  watch  horizontally  near  the  ear,  and  test  how  close  it  may  be  brought  to 
the  ear,  and  also  how  far  it  may  be  removed,  and  still  its  sounds  be  lieard.  Measure  the  dis- 
tance. 2.  Itard  uses  a  small  hammer  suspended  like  a  pendulum,  and  allowed  to  fall  upon  a 
hard  surface.  3.  Balls  of  different  weights  are  allowed  to  fall  from  varying  heights  upon  a  plate. 
In  this  case  the  intensity  of  the  sound  is  proportional  to  the  product  of  the  weight  of  the  ball 
into  the  height  it  falls. 

As  to  the' limits  of  the  perception  of  the  intensity  of  a  tone,  it  is  found  that  a  spherule  weigh- 
ing 1  milligram,  and  falling  from  a  height  of  1  nmi.  upon  a  glass  plate,  is  heard  at  a  distance 
of  5  centimetres  (SchafhatcU). 

415.  PERCEPTION  OF  QUALITY— VOWELS. —By  the  term  quaUty  ("  Klangfarbe  "), 
musical  colour  or  timbre,  is  understood  a  peculiar  character  of  the  tone,  by  which  it  can  be 
distinguished  a])art  from  its  pitch  and  intensity.  Thus,  a  flute,  horn,  violin,  and  the  human 
voice  may  all  sound  the  same  note  with  equal  intensity,  and  yet  all  the  four  are  distinguished 
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at  once  by  their  specific  quality.    Wherein  lies  the  essence  ("  Wesen  ")  of  tone-colour  ?  The 
investigations  of  v.  Helmholtz  have  proved  that,  amonj,'st  mechanisms  which  produce  tones 
only  those  that  produce  pendulum-like  vibrations,  i.e.,  the  to-and-fro  vibrations  of 
rod  with  one  end  fixed,  and  tuning-forks,  execute  simple  pendulum-like  vibrations, 
be  shown  by  making  a  tuning-fork  write  off"  its  vibrations  on  a  recording 
pletely  uniform  wave-line,  with  equal  elevations  and  depressions  is  noted 
is  restricted  to  those  sounds,  hardly  ever  occurring  in  nature,  which  ar( 
dulum-like  vibrations.  '  i    r  i. 

Other  investigations  have  shown  that  the  tones  of  musical  instruments  and  ot  the  Human 
voice,  all  of  which  have  a  characteristic  quality  of  their  own,  are  composed  of  many  single 
simple  tones.  Amongst  these  one  is  characterised  by  its  intensity,  and  at  the  same  tune  it 
determines  the  pitch  of  the  whole  compound  musical  "tone-picture."  This  is  called  the 
fundamental  tone  or  key-note.  The  other  weaker  tones  which,  as  it  were,  spring  from  and 
are  mingled  with  this,  vary  in  different  instruments  both  in  intensity  and  number.  They 
and  their  vibrations  are  always  some  multiple — 2,  3,  4,  5  ....  times — of 

the  fundamental  tone  or  key-note.  In  general, 
we  say  that  all  those  outbursts  of  sound  which 
embrace  numerous  strong  uj^per  tones,  especi- 
ally of  high  pitch,  in  addition  to  the  funda- 
mental tone,  are  characterised  by  a  sharp, 
piercing,  and  rough  quality,  such  as  emanates 
from  a  trumpet  or  clarionet,  and  that  conversely 
the  quality  is  characterised  by  mildness  and 
softness  when  the  overtones  are  few,  feeble,  and 
low,  c.cj.,  such  as  are  produced  by  the  ffute.  It 
requires  a  well-trained  musical  ear  to  dis- 
tinguish, in  an  instrumental  burst,  the  over- 
tones apart  from  the  fundamental  tone.  But 
this  is  very  easily  done  with  the  aid  of  resonators 
(fig.  600).  These  consist  of  spherical  or  funnel- 
shaped  hollow  bodies,  made  of  brass  or  some 
other  substance,  which,  by  means  of  a  short 
tube,  can  be  placed  in  the  outer  ear.  If  a 
resonator  be  placed  in  the  ear,  we  can  hear  the 
feeblest  overtone  of  the  same  number  of  vibra- 
tions as  the  fundamental  tone.  Thus,  musical 
instruments  are  distinguished  by  the  number, 
intensity,  and  pitch  of  the  overtones  which  they 
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Curves  of  a  musical  tone  obtained  hy  com- 


pounding the  curve  of  a  fundamental  tone  produce.  A  vibrating  metallic  rod  and  a  tuning- 
with  that  of  its  overtones.  Jqj.j,  have  no  overtones  ;  they  only  give  the 

fundamental  tone.  As  already  mentioned,  the  term  simple  tone  is  applied  to  sounds  due  to 
simple  pendulum-like  vibrations,  while  a  sound  composed  of  a  fundamental  tone  and  overtones 
is  called  a  "  klang  "  or  compound  musical  tone. 

Vibration  Curve  of  a  Musical  Tone.^ — When  we  remember  that  a  musical  tone  or  clang  con- 
sists of  a  fundamental  tone,  and  a  number  of  overtones  of  a  certain  intensity,  which  determine 
its  quality,  then  we  ought  to  be  able  to  construct  geometrically  the  vibration  curve  of  the 
musical  tone.  Let  A  represent  the  vibration  curve  of  the  fundamental  tone,  and  B  that  of  the 
first  moderately  weak  overtone  (fig.  597).  The  combination  of  these  two  curves  is  obtained 
simply  by  computing  the  height  of  the  ordinates,  whereby  the  ordinates  of  the  overtone  curve, 
lying  above  the  abscissa  or  horizontal  line,  are  added  to  the  fundamental  tone  curve,  while  those 
of  the  ordinates  below  the  line  are  subtracted  from  it.  Thus  we  obtain  the  curve  C,  which  is 
not  a  simple  pendulum-like  curve,  but  one  which  corresponds  to  an  unsteady  movement.  A  new 
curve  of  the  second  overtone  may  be  added  to  C,  and  so  on.  The  result  of  all  these  combina- 
tions is  that  the  vibration  curves  corresponding  to  the  compound  musical  tones  are  unsteady 
periodic  curves.  All  these  curves  must,  of  course,  vary  with  the  number  and  pitch  of  the 
compounded  overtone  curves. 

Displacement  of  the  Phases. — The  form  of  the  vibration  of  one  and  the  same  musical  tone 
may  vary  very  greatly  if,  in  compounding  the  curves  A  and  B,  the  curve  B  is  only  slightly 
displaced  laterally.  If  B  is  displaced  so  that  the  hollow  of  the  wave  r  falls  under  A,  the 
addition  of  both  curves  yields  the  curve  r,  r,  r,  with  small  elevations  and  broad  valleys.  If  B 
be  displaced  still  further,  until  the  elevation  of  the  wave,  li,  coincides  with  A,  we  obtain  still 
another  form,  so  that  by  displacement  of  the  phases  of  the  wave-motions  of  the  compounded 
simple  pendulum-like  vibrations,  we  obtain  numerous  different  forms  of  the  same  musical  tone. 
The  displacement  of  the  phases,  however,  has  no  eff'ect  on  the  ear. 

The  general  result  of  these  observations,  and  those  of  Fourier,  is  that  the  quality  of  a  musical 
tone  depends  upon  the  characteristic  form  of  the  vibratory  movement. 

Analysis  of  Vowels.  —The  human  voice  represents  a  reed  instrument  with  vibrating  elastic 
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membranes,  the  vocal  cords  (§  312).  In  uttering  the  various  vowels  the  mouth  assumes'a 
characteristic  form,  so  that  its  cavity  has  a  certain  fundamental  tone  peculiar  to  itself.  Thus, 
to  the  fundamental  tone  of  a  certain  pitch  produced  within  the  larynx,  there  are  added  certain 
overtones,  which  communicate  to  the  laryngeal  tone  the  vocal  or  vowel  quality.  Hence,  a 
vowel  is  the  timbre  or  quality  of  a  musical  tone  which  is  produced  in  the  larynx.  '  The  quality 
depends  upon  the  number,  intensity,  and  pitch  of  the  overtones,  and  the  latter,  again,  depend 
on  the  configuration  of  the  "vocal  cavity    in  uttering  the  diflerent  vowels  (§  317). 

Suppose  a  person  to  sing  the  vowels  one  after  the  other  on  a  special  note,  e.g.,  b  b,  we  can, 
with  the  aid  of  resonators  determine  the  overtones,  and  in  wliat  intensity  they  are  mixed  with 
the  fundamental  tone,  b  b,  to  give  the  characteristic  quality.  According  to  v.  Helmholtz, 
when  we  sound  the  vowels  on  b  b,  for  each  of  tlie  three  vowels,  one  overtone  is  specially 
characteristic  for  A-b  1  b;  for  0-bib;  for  U-f.  The  other  vowels  and  the  diphthongs  have 
each  two  specially  characteristic  overtones,  because  in  these  cases  the  mouth  is  so  shaped  that 
the  posterior  larger  cavity,  and  also  the  anterior  narrower  part,  each  yields  a  special  tone 
(§  316,  I.  and  E).  These  two  overtones  are  for  E-B  b  and  f^  ;  for  I-d'^  and  f ;  for  A-g  '  and 
d'l  ;  for  0-c  I  ^  and  f  ;  for  U-g"!  and  f.  These,  however,  are  only  the  special  upper  tones. 
There  are  many  more  upper  tones,  but  they  are  not  so  prominent. 

Artificial  Vowels.— Just  as  it  is  possible  to  aualyse  a  vowel  into  its  fundamental  tone  and  its 
upper  tones,  it  is  possible  to  compound  tones  to  produce  the  vowels  by  simultaneously  sounding 
the  fundamental  tone  and  the  corresponding  upper  tones.  (1)  A  vowel  is  produced  simply  by 
singing  loudly  a  vowel,  e.g.,  A,  upon  a  certain  note  against  tlie  free  strings  of  an  open  piano, 
whilst  by  the  pedal  the  damper  is  kept  raised.  As  soon  as  we  stop  singing,  the  characteristic 
vowel  is  sounded  by  the  strings  of  the  piano.  The  voice  sets  into  sympathetic  vibration  all 
those  strings  whose  overtones  (in  addition  to  the  fundamental  tone)  occur  in  the  vocal  com- 
pound tone,  so  that  they  vibrate  for  a  time  after  the  voice  ceases  {v.  Helmholtz).  (2)  The 
vowel  apparatus  devised  by  v.  Helmholtz  consists  of  numerous  tuning-forks,  which  are  kept 
vibrating  by  means  of  electro-magnets.  The  lowest  tuning-fork  gives  the  fundamental  tone, 
B  b,  and  the  others  the  overtones.  A  resonator  is  placed  in  front  of  each  tuning-fork,  and 
the  distance  between  the  two  can  be  varied  at  pleasure.  The  resonators  can  be  opened  and 
closed  by  a  lid  passing  in  front  of  their  openings.  When  the  resonator  is  closed,  we  Cannot 
liear  the  tone  emitted  by  the  tuning-fork  placed  in  front  of  it ;  but  when  one  or  more  resonators 
are  opened  the  tone  is  heard  distinctly,  and  it  is  louder  the  more  the  resonator  is  opened.  By 
means  of  a  series  of  keys,  like  the  keys  of  a  pianoforte,  we  can  rapidly  open  and  close  the  re- 
sonators at  will,  and  thus  combine  various  overtones  with  the  fundamental  tone  so  as  to  pro- 
duce vowels  with  different  cpalities.  V.  Helmholtz  makes  the  following  compositions : — 
17  =  B  b  with  b  b  weak  and  f  ;  0  =  damped  B  b  with  b  b  strong  and  weaker  b  [j,  f ,  d '  ;  A  =  b 
(fundamental  tone)  with  moderately  strong  b'  \y  and  P,  and  strong  b  '  and  d^' ;  A  =  b  ^ 
(fundamental  tone)  with  b  b  and  f^  somewhat  stronger  than  for  A,  d  strong,  b  '  \)  weaker,  d' ' 
and  f  i  as  strong  as  possible  ;  E  =  b  b  (as  fundamental  tone)  moderately  strong,  with  b^  b  and  f 
moderate  also,  and  f    a  '  )y,  and  b  '  \),  as  strong  as  possible;  I  could  not  be  produced. 

In  Appiinn's  apparatus,  the  fundamental  tone  and  the  overtones  are  produced  by  means  of 
organ  pipes,  whose  notes  can  be  combined  to  produce  tlie  vowels,  but  it  is  not  so  good  as  the 
tuning-forks,  since  the  organ  pipes  do  not  yield  simple  tones,  but  nevertheless  some  of  the 
vowels  can  be  admirably  reproduced  with  this  ai>paratus. 

Edison's  Phonograph.  —  If  we  utter  the  vowels  against  a  delicate  membrane  stretched  over 
the  end  of  a  hollow  cylinder,  and  if  a  writing  style  be  fixed  to  the  centre  of  the  niembrane,  and 
the  style  be  so  arranged  that  it  can  write  or  record  its  movements  on  a  piece  of  soft  tinfoil 
arranged  on  a  revolving  apparatus,  then  the  vowel  curve  is  stamjied  as  it  were  upon  the  tinfoil. 
If  the  stj'le  now  be  made  to  touch  the  tinfoil  while  the  latter  is  moved,  then  the  style  is  moved — 
it  moves  the  membrane,  and  we  hear  distinctly  by  resonance  the  vowel  sound  reproduced. 

[Koenig's  Manometric  Flames. — By  means  of  this  apparatus  the  quality  of  the  vowel  sounds 
is  easily  shown.  It  consists  of  a  small  wooden  capsule.  A,  divided  into  two  compartments  by 
a  piece  of  thin  sheet  india-rubber.  Ordinary  gas  passes  into  the  chamber  on  one  side  of  the 
membrane,  through  the  stop-cock,  and  it  is  lighted  at  a  small  l)urner.  To  the  other  compart- 
ment is  attached  a  wider  tube  with  a  mouthpiece.  The  whole  is  fixed  on  a  stand,  and  near  it 
is  placed  a  four-sided  rotating  mirror,  M,  as  suggested  by  Wheatstone  (fig.  598).  On  speaking 
or  singing  a  vowel  into  the  mouthpiece,  and  rotating  the  mirror,  a  toothed  or  zigzag  flame- 
picture  is  obtained  in  the  mirror.  The  form  of  the  flame-picture  is  characteristic  for  each 
vowel,  and  varies  of  course  with  the  pitch.]  [Fig.  599  shows  the  fom  of  the  flame-picture 
obtained  in  the  rotating  mirror  when  the  vowels,  ou,  0,  are  sung  at  a  pitch  of  sol^,  and 
This  series  shows  how  they  differ  in  quality.] 

[Koenig  has  also  invented  the  apparatus  for  analysing  any  compoimd  tone  whose  funda- 
mental tone  is  UT2  (fig.  600).  It  consists  of  a  series  of  resonators,  from  VT.-,  to  uTj,  fixed  in  an 
iron  frame.  Each  resonator  is  connected  with  its  special  flame,  which  is  pictured  in  a  long 
narrow,  square  rotating  mirror.  If  a  tuning-fork  UTj  be  sounded,  only  the  flame  UT2  is  aftected, 
and  so  on  with  each  tuning-fork  of  the  harmonic  series.  Suppose  a  compound  note  containing 
the  fundamental  tone  trx.,,  and  its  harmonics  be  sounded,  then  the  flame  of  u  r.,,  and  those  of 
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the  other  harmonics  in  the  note  are  also  affected,  so  that  the  tone  can  be  analysed  optically. 
The  same  may  be  done  with  the  vowels.] 


Fig.  598. 

Koenig's  manometric  capsule  (A)  and  mirror  (M) — {Koenig). 


Fig.  599. 

Flame-pictures  of  the  vowels  ov,  o,  and  a  {Koenig). 

416.  LABYRINTH  DURING  HEARING.— If  we  ask  what  role  the  ear  plays 
in  the  perception  of  the  quality  of  sounds,  then  we  must  assume  that,  just  as  with 
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the  help  of  resonators  a  musical  note  can  be  resolved  into  its  fundamental  tone  and 
overtones,  so  the  ear  is  gapable  of  performing  such  an  analysis.  The  ear  resolves 
the  complicated  wave-forms  of  musical  tones  into  their  components.  These  com- 
ponents it  perceives  as  tones  harmonious  with  each  other ;  with  marked  attention 
each  is  perceived  singly,  so  that  the  ear  distinguishes  as  different  tone-colours  only 
different  coml)inations  of  these  simple  tone-sensations.  The  resolution  of  complex 
vibrations,  due  to  quality,  into  simple  pendulum-like  vibrations  is  a  characteristic 
function  of  the  ear.  What  apparatus  in  the  ear  is  capable  of  doing  this  1*^  If  we 
sing  vigorously — e.g.,  the  musi- 
cal vowel  A  on  a  definite  note, 
say  b  — against  the  strings  of 
an  open  pianoforte  while  the 
damper  is  raised,  then  we  cause 
all  those  strings,  and  only  those, 
to  vibrate  sympathetically, 
which  are  contained  in  the 
vowel  so  sung.  We  must, 
therefore,  assume  that  an  ana- 
logous sympathetic  apparatus 
occurs  in  the  ear,  which  is  tuned, 
as  it  were,  for  different  pitches, 
and  which  will  vibrate  sympa- 
thetically like  the  strings  of  a 
pianoforte.  "  If  we  could  so 
connect  every  string  of  a  piano 
with  a  nerve-fibre  that  the  nerve- 
fibre  would  be  excited  and  per- 
ceived as  often  as  the  string 
vibrated,  then,  as  is  ac- 
tually the  case  in  the 
ear,  every  musical  note 
which  affected  the  in- 
strument would  excite 
a  series  of  sensations 
exactly  corresponding  to 
the  pendulum-like  vi- 
brations into  which  the 
original  movements  of 
the  air  can  be  resolved  ; 
and  thus  the  existence 

of  each  individual  overtone  would  be  exactly  perceived,  as  is  actually  the  case  with 
the  ear.  The  perception  of  tones  of  different  pitch,  would  under  these  circum- 
stances depend  upon  different  nerve-fibres,  and  hence  would  occur  quite  inde- 
pendently of  each  other.  Microscopic  investigation  shows  that  there  are  somewhat 
similar  structures  in  the  ear.  The  free  ends  of  all  the  nerve-fibres  are  connected 
with  small  elastic  particles  which  we  must  assume  are  set  into  sympathetic  vibra- 
tion by  the  sound-waves"  (v.  Helmholtz). 

Resolutioii  by  the  Cochlea. — Formerly  v.  Holmholtz  considered  the  rods  of  Corti 
to  be  the  apparatus  that  vibrated  and  stimulated  the  terminations  of  the  nerves. 
But,  as  birds  and  amphibians,  which  certainly  can  distinguish  musical  notes,  have 
no  rods  (Heme),  the  stretched  radial  fibres  of  the  membrana  basilaris,  on  which  the 
organ  of  Corti  is  placed,  and  which  are  shortest  in  the  first  turn  of  the  cochlea, 
becoming  longer  towards  the  apex  of  the  cochlea,  are  now  regarded  as  the  vibrating 
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threads  lllensen).  Thus,  a  string-like  fibre  of  the  membrana  basilaris,  which  is 
capable  of  vibrating,  corresponds  to  every  possible  simule  tone.  According  to 
Hensen  the  hairs  of  the  labyrinth,  which  are  of  unequal  length,  may  serve  this 
purpose.    Destruction  of  the  apex  of  the  cochlea  causes  deafness  to  deeper  tones 

(Baginsky).  ^    ^    •      n     -u  4. 

[Hensen's  Experiments.— That  the  hairs  in  connection  with  the  hair-cells  vibrate 
to  a  particular  note  is  also  rendered  probable  by  the  experiments  of  Hensen  on  the 
crustacean  My.^is.  He  found  that  certain  of  the  minute  hairs  (auditory  hairs)  in 
the  auditory  organ  of  this  animal,  situate  at  the  base  of  the  antennae,  vibrated  when 
certain  tones  were  sounded  on  a  keyed  horn.  The  movements  of  the  hairs  were 
observed  by  a  low-power  microscope.  In  mammals,  however,  there  is  a  difficulty, 
as  the  hairs  attached  to  the  cells  appear  to  be  all  about  the  same  length.  We  must 
not  forget  that  the  perception  of  sound  is  a  mental  act.] 

This  assumption  also  explains  the  perception  of  noises. 

Of  noises  in  the  strictly  physical  sense,  it  is  assumed  that  they,  like  single 
impulses,  are  perceived  by  the  aid  of  the  saccules  and  the  ampullae. 

It  is  assumed  that  the  saccules  and  the  ampullae  are  concerned  in  the  general 
perception  of  hearing,  i.e.,  of  shocks  communicated  to  the  auditory  nerve  (by 
impulses  and  noises);  while  by  the  coclilea  we  estimate  the  pitch  and  depth  of  the 
vibrations,  and  musical  character  of  the  vibrations  produced  by  tones. 

The  relation  of  the  semicircular  canals  to  the  equilibrium  of  the  body  is  referred 
to  in  §  350. 

417.  SIMULTANEOUS  ACTION  OF  TWO  TONES— HARMONY— BEATS 
—DISCORDS— DIFFERENTIAL  TONES.— When  two  tones  of  different  pitch 
fall  upon  the  ear  simultaneously,  they  cause  different  sensations  according  to  the 
difference  in  pitch. 

1.  Consonance. — If  the  number  of  vibrations  of  the  two  tones  is  in  the  ratio  of 
.simple  multiples,  as  1  :  2  :  3  :  4,  so  that  when  the  low  notes  make  one  vibration  the 
higher  one  makes  2  : 3  or  4  ...  .  then  we  experience  a  sensation  of  complete 
harmony  or  concord. 

2.  Interference. — If,  however,  the  two  tones  do  not  stand  to  each  other  in  the 
relation  of  simple  multiples,  then  when  both  tones  are  sounded  simultaneously 
interference  takes  place.  The  hollows  of  the  one  sound-wave  can  no  longer  coincide 
with  the  hollows  of  the  other,  and  the  crests  with  the  crests,  but,  corresponding  to 
the  difference  of  number  of  vibrations  of  both  curves,  sometimes  a  wave-crest  must 
coincide  with  a  wave-hollow.  Hence,  when  wave-crest  meets  wave-crest,  there 
must  be  an  increase  in  the  strength  of  the  tone,  and  when  a  hollow  coincides  with 
a  crest,  the  sound  must  be  weakened.  Thus  we  obtain  the  impression  of  those 
variations  in  tone  intensity  which  have  been  called  "  beats." 

The  niimljer  of  vibrations  is  of  course  always  equal  to  the  (lilieience  of  the  number  of  vibra- 
tions of  both  tones.  The  beats  are  peixeived  most  distinctly  when  two  organ  tones  of  low 
pitch  are  sounded  together  in  unison,  but  slightly  out  of  tune.  Suppose  we  take  two  organ 
pipes  with  .33  vibrations  per  second,  and  so  alter  one  pipe  that  it  gives  34  vibrations  per  second, 
then  one  distinct  beat  will  be  lieard  every  second.  The  beats  are  heard  more  freiiuently  the 
greater  the  difference  between  the  number  of  vibrations  of  the  two  tones. 

Successive  Beats. — The  beats,  however,  produce  very  different  impressions  upon 
the  ear  according  to  the  rapidity  with  which  they  succeed  each  other. 

1.  Isolated  Beats. — When  they  occur  at  long  intervals,  we  may  perceive  them 
as  completely  isolated,  but  single  intensifications  of  the  sound  with  subsequent 
enfeeblement,  so  that  they  give  rise  to  the  impression  of  isolated  beats. 

2.  Dissonance. — When  the  beats  occur  more  rapidly  they  cause  a  continuous 
disagreeable  whirring  impression,  which  is  spoken  of  as  dissonance,  or  an  unhar- 
monious  sensation.  The  greatest  degree  of  unpleasant  painful  dissonance  occurs 
when  there  are  33  beats  per  second. 
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3.  Harmony. — If  the  beats  take  place  more  rapidly  than  33  times  per  second, 
the  sensation  of  dissonance  gradually  diminishes,  and  it  does  so  the  more  rapidly 
the  beats  occur.  The  sensation  passes  gradually  from  moderately  inharmonious 
relations  (which  in  music  have  to  be  resolved  by  certain  laws)  towards  consonance 
or  harmony.  The  tone  relations  are  succe-ssively  the  Second,  Seventh,  Minor  Third, 
Minor  Sixth,  Major  Third,  Major  Sixth,  Fourth,  and  Fifth. 

4.  Action  of  the  Musical  Tones  ("  Kliinge  ").— Two  musical  "  klangs,"  or  com- 
pound tones,  falling  on  the  ear  simultaneously,  produce  a  result  similar  to  that  of 
two  simple  tones  ;  but  in  this  case  we  have  to  deal  not  only  with  the  two  funda- 
mental tones  ;  but  also  with  the  overtones.  Hence  the  degree  of  dissonance  of 
two  musical  tones  is  the  more  pronounced  the  more  the  fundamental  tones  and  the 
overtones  (and  the  "  differential  "  tones)  produce  beats  which  number  about  33 
per  second. 

5.  Differential  Tones. — Lastly  two  "  klangs,"  or  two  simple  musical  tones 
sounding  simultaneously,  may  give  rise  to  utw  toties  when  they  are  uniformly  and 
simultaneously  sounding  in  corresponding  intensity.  We  can  hear,  if  we  listen 
attentively,  a  third  new  tone,  whose  number  of  vibrations  corresponds  to  the 
difference  between  the  two  primary  tones,  and  hence  it  is  called  a  "  diferential 
tone." 

Summational  Tones. — It  was  formerly  supposed  that  new  tones  could  arise  from  the  sum- 
mation or  (uldition  of  their  number  of  vibrations,  but  it  has  been  shown  that  these  tones  are  in 
reality  differential  tones  of  a  high  order  {Appunn,  Prcyer). 

418.  PERCEPTION  OF  SOUND  —  OBJECTIVE  AND  SUBJECTIVE 
AUDITION— AFTER-SENSATION.— Objective  and  Auditory  Perceptions.— 

When  the  stimulation  of  the  terminations  of  the  nerves  of  the  labyrinth  is  referred 
to  the  outer  world,  then  we  have  objective  mulitory  percej^tiom.  Such  stimulations 
are  only  referred  to  the  outer  world  as  are  conveyed  to  the  membrana  tympani  by 
vibrations  of  the  air,  as  is  shown  by  the  fact  that  if  the  head  be  immersed  in  water, 
and  the  auditory  meatuses  be  filled  thereby,  we  hear  all  the  vibrations  as  if  they 
occurred  within  our  head  itself  {Ed.  Weber)^  and  the  same  is  the  case  with  our  own 
voice,  as  well  as  with  the  sound-waves  conducted  through  the  bones  of  the  head, 
when  both  ears  are  firmly  plugged. 

Perception  of  Direction. — As  to  the  perception  of  the  direction  whence  sound 
comes,  we  obtain  .some  information  from  the  relation  of  both  meatuses  to  the 
source  of  the  sound,  especially  if  we  turn  the  head  in  the  supposed  direction  of  the 
sound.  We  distinguish  more  easily  the  direction  from  which  noises  mixed  with 
musical  tones  come  than  that  of  tones  {Rayleifjh).  When  both  ears  are  stimulated 
equally,  we  refer  the  source  of  the  sound  to  the  middle  line  anteriorly,  but  when 
one  ear  is  stimulated  more  strongly  than  the  other,  we  refer  the  source  of  the 
sound  more  to  one  side  (Kessel).  The  position  of  the  ear-muscles,  which  perhaps 
act  like  an  ear-funnel,  is  important.  According  to  Ed.  Weber,  it  is  more  difficult 
to  determine  the  direction  of  sound  when  the  ears  are  firmly  fixed  to  the  side  of 
the  head.  Further,  if  we  place  the  hollow  of  both  hands  in  front  of  the  ear,  so  as 
to  form  an  open  cavity  behind  them,  we  are  apt  to  suppose  that  a  sounding  body 
placed  in  front  is  behind  us.  The  semicircular  canals  are  said  also  to  be  concerned, 
as  sound  coming  from  a  certain  direction  must  always  excite  one  canal  more  than  the 
others.  Thus,  the  left  horizontal  canal  is  most  stimulated  by  horizontal  sound- 
waves coming  from  the  left  (Preyer).  Other  observers  assert  that  the  membrana 
tymi)ani  localises  the  sound,  as  only  certain  parts  of  it  are  afiected  by  the  sound- 
waves. 

The  distance  of  a  sound  is  judged  of  partly  by  the  intensity  or  loudness  of  the 
sound,  such  as  we  have  learned  to  estimate  from  sound  at  a  known  distance.  But 
still  we  are  subject  to  many  misconceptions  in  this  respect. 
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Amongst  subjective  auditory  sensations  are  the  after -vibrations,  especially  of  intense  and 
continued  musical  tones  ;  the  tinnitus  auriuni  (p.  606),  which  often  accompanies  abnormal 
movements  of  the  blood  in  the  ear,  may  be  due  to  a  mechanical  stimulation  of  the  auditory 
fibres,  perhaps  by  the  blood-stream  {Brenner). 

[Drugs. —Cannabis  indica  seems  to  act  on  the  hearing  centre,  giving  rise  to  subjective  sounds  ; 
the  heaiii)"- is  rendered  more  acute  by  strychnin;  while  quinine  and  sodic  salicylate  in  large 
doses  cause  ringing  in  tlie  ears  {Bi"unton).]  i       i      •  xi 

Entotical  perceptions,  which  are  due  to  causes  w  ithin  the  car  itself,  are  such  as  nearing  the 
pulse-beats  in  the  surrounding  arteries,  and  the  rushing  sound  of  the  blood,  which  is  especially 
strong  M-hen  there  is  increased  resonance  of  the  ear  (as  when  the  meatus  or  tympanum  is  closed, 
or  wlfen  fluid  accumulates  in  the  latter),  during  increased  cardiac  action,  or  in  hyperiesthesia 
of  the  auditory  nerve  {Brenner).  Sometimes  there  is  a  cracking  noise  in  the  maxillary 
articulation,  the  noise  produced  by  traction  of  the  muscles  on  the  Eustachian  tube  (§  411),  and 
Avhen  air  is  forced  into  the  latter,  or  Avhen  the  membrana  tympani  is  forced  outwards  or 
inwards  (§  350). 

Fatigue.— The  ear  after  a  time  becomes  fatigued,  either  for  one  tone  or  for  a  series  of  tones 
which  have  acted  on  it,'jwhile  the  perceptive  activity  is  not  affected  for  other  tones.  Complete 
recovery,  however,  takes  place  in  a  few  seconds  {Urbantschitscli). 

Auditory  After-Sensations. —(1)  Those  that  correspond  to  positkx  after-sensations,  where  the 
after-sensation  is  so  closely  connected  with  the  original  tone  that  both  appear  to  be  continuous. 
(2)  There  are  some  after-sensations,  where  a  pause  intervenes  between  the  end  of  the  objective 
and  the  beginning  of  the  subjective  tone  {Urbantschitsch).  (3)  There  seems  also  to  be  a  form 
corresponding  to  negative  after-images. 

In  some  persons,  the  perception  of  a  tone  is  accompanied  by  the  occurrence  of  subjective  colours, 
or  the  sensation  of  light,  e.g.,  the  sound  of  a  trumpet,  accompanied  by  the  sensation  of  yellow. 
More  seldom  visual  sensations  of  tliis  kind  are  observed  when  the  nerves  of  taste,  .smell,  or 
touch  are  excited  {Nussbaumer,  Lehmann  and  Blculcr).  It  is  more  common  to  find  that  an 
intense  sharp  sound  is  accompanied  by  an  associated  sensation  of  the  sensory  nerves.  Thus 
many  people  experience  a  cold  shudder  when  a  slate  pencil  is  drawn  in  a  peculiar  manner 
across  a  slate. 

[Colour  Associations. — Colour  is  in  some  persons  instantaneously  associated  with  sound,  and 
Galton  remarks  that  it  is  rather  common  in  children,  although  in  an  ill-developed  degree,  and 
the  tendency  seems  to  be  very  hereditary.  Sometimes  a  particular  colour  is  associated  with  a 
particular  letter,  vowel  sounds  particularly  evoking  colours.  Galton  has  given  coloured 
representations  of  these  colour  associations,  and  he  points  out  their  relation  to  what  he  calls 
number-forms,  or  the  association  of  certain  forms  with  certain  numbers.] 

An  auditory  im))ulse  communicated  to  one  ear  at  the  same  time  often  causes  an  increase  in 
the  auditory  function  of  the  other  ear,  in  consequence  of  the  stimulation  of  the  auditory  centres 
oibotli,  sides  {Urbantschitsch,  Eitclberg). 

Other  Stimuli. — The  auditory  apparatus,  besides  being  excited  by  sound-waves,  is  also 
affected  by  heterologous  stimuli.  It  is  stimulated  mechanically  by  a  sudden  blow  on  the  ear. 
The  effects  of  electricity  and  pathological  conditions  are  referred  to  in  §  350. 

419.  COMPAEATIVE-HISTORICAL.— The  lowest  fishes,  the  cyclostomata  (Petromyzon), 
have  a  saccule  provided  with  auditory  hairs  containing  otoliths,  and  communicating  with  two 
semicircular  canals,  while  the  myxinoids  have  only  one  semicircular  canal.    Most  of  the  other 
fishes,  however,  have  a  utricle  communicating  with  three  semicircular  canals.    In  the  carp, 
prolongations  of  the  labyrinth  communicate  with  the  swimming-bladder.    In  amphibia,  the 
structure  of  the  labyrinth  is  somewhat  like  that  in  fishes,  but  the  cochlea  is  not  typically 
•  developed.    Most  amphibia,  except  the  frog,  arc  devoid  of  a  membrana  tympani.    Only  the 
fenestra  ovalis  (not  the  rotunda)  exists,  and  it  is  connected  in  the  frog  by  three  ossicles  with 
the  freely-exposed  menrbrana  tympani.    Amongst  reptiles  the  appendix  to  the  saccule,  corre- 
sponding to  the  cochlea,  begins  to  be  prominent.    In  the  tortoise  it  is  saccular,  but  in  the 
crocodile  it  is  longer,  and  somewhat  curved  and  dilated  at  the  end.    In  all  reptiles  the 
fenestra  rotunda  is  developed,  whereby  the  cochlea  is  connected  with  the  labyrinth.  In 
crocodiles  and  birds,  the  cochlea  is  divided  into  a  scala  vestibuli  and  S.  tympani.    Snakes  are 
devoid  of  a  tympanic  cavity.    In  birds  both  saccules  (fig.  591,  IV,  U  S')  are  united  {Hasse), 
the  canal  of  the  cochlea  (U  C),  which  is  connected  by  means  of  a  fine  tube  (C)  with  the 
saccule,  is  larger,  and  shows  indications  of  a  spiral  arrangement,  and  has  a  flask-like  blind 
end,  the  lagena  (L).    The  auditory  ossicles  in  reptiles  and  birds  are  reduced  to  one  column -like 
rod,  corresponding  to  the  stapes,  and  called  the  columella.    The  lowest  mammals  (Echidna) 
have  structures  very  like  those  of  birds,  while  the  higher  mammals  have  the  same  type  as  in 
man  (fig.  591,  III).    The  Eustachian  tube  is  always  open  in  the  whale. 

Amongst  invertebrata,  the  auditory  organ  is  very  simple  in  medusie  and  mollusca.  It  is 
merely  a  bladder  filled  with  fluid,  with  the  auditory  nerves  provided  with  the  ganglia  in  its 
walls.  Hair-cells  occur  in  the  interior,  provided  with  one  or  more  otoliths.  Heusen  observed 
that  in  some  of  the  annulosa,  when  sound_was  conducted  into  the  water,  some  of  the  auditory 
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bristles  vibrated,  being  adapted  lor  special  tones.  In  cephalopoda,  we  distinguisli  the  first 
differentiation  into  a  membranous  and  cartilaginous  labyrinth. 

Historical. —Empedoeles  (473  li.c.)  referred  aTulitory  impressions  to  the  cochlea.  The 
Hippocratic  School  was  acquainted  with  the  tympanum,  and  Aristotle  (384  v..v.)  with  the 
Eustachian  tube.  Vesalius  (1561)  described  the  tensor  tympani  ;  Cardanus  (1560)  tlie  conduc- 
tion through  the  bones  of  the  head  ;  while  Fallopius  (1561)  described  the  vestibule,  the  semi- 
circular canals,  chorda  tympani,  the  two  fenestra',  the  cochlea,  and  the  aqueduct.  Eustachius 
(t  1570)  described  the  modiolus,  the  lamina  spiralis  of  the  cochlea,  the  Eustachian  tube,  as 
well  as  the  muscles  of  the  ear  ;  Plater  the  ampullre  (1583)  ;  Casseri  (1600)  the  lamina  spiralis 
membranacea.  Sylvius  (1667)  discovered  the  ossicle  called  by  his  name;  Vesling  (1641)  the 
stapedius.  Mersenne  (1618)  was  acquainted  with  overtones;  Gassendus  (1658)  experimented 
on  the  conduction  of  sound.  Acoustics  were  greatly  advanced  by  the  work  of  Chladni  (1802). 
The  most  recent  and  largest  work  on  the  ear  in  vertebrates  is  by  G.  Retzius  (1881-84). 


The  Sense  of  Smell. 

420.  STRUCTURE  OF  THE  ORGAN  OF  SMELL.— Regie  Olfactoria.  — The  area  of  the 
distribution  of  the  olfactory  nerve  is  tlie  regio  olfactoria,  which  embraces  the  upper  part  of  the 
septum,  the  upper,  and  part  of  tlie  middle  {Cm)  turbinated  bone  (fig.  601,  Cs).  All  the 
remainder  of  the  nasal  cavity  is  called  the  regio  respiratoria.  These  two  regions  are  distin- 
guished as  follows  : — (1)  The  regio  olfactoria  has  a  thicker  mucous  membrane.  (2)  It  is  covered 
by  a  single  layer  of  cylindrical  epithelium,  the  cells  being  often  branched  at  their  lower  ends, 
and  contain  a  yellow  or  brownish-red  pigment  (figs.  602,  603,  E).  (3)  It  is  coloured  by  this 
j)igment,  and  is  thereby  distinguished  from  the  uncoloured  regio  respiratoria,  which  is  covered 


YicT  601  —Nasal  and  pharyngo-nasal  cavities.    L,  levator  elevation  ;  Rs.j).,  plica  .salphingo- 
°"palatina;  Cs,  Cvi,  Ci,  the  three  turbinated  bones  (Urbnutschiisch).    Fig.  602.— Vertical 
.section  of  the  olfactory  region  (rabbit),  x  560.    s,  disc ;  r.o,  zone  of  oval,  and  zr  of  spherical 
nuclei  ;  b,  basal  cells  ;  dr,  part  of  a  Bowman's  gland  ;  n,  branch  of  the  olfactory  nerve. 


by  ciliated  epithelium.  (4)  It  contains  peculiar  tabular  glands  (Bowman's  glands),  described 
as  "mixed  glands  "  by  Paulsen  (§  142),  while  the  rest  of  the  mucous  membrane  contains  numer- 
ous acinous  serous  glands  {HeidcnJmin) ;  but  in  man  the  latter  are  said  to  be  mixed  glands 
(StoTir)  (fio'.  602).  Lymph-follicles  lie  in  the  mucous  membrane,  and  from  them  numerous 
leiicocytes*pass  out  on  to  free  surface  {Stdlir).    (5)  Lastly,  the  regio  olfactoria  embraces  the 
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end-organs  of  the  olfactory  nerve.  The  long  narrow  olfactory  cells  (lig.  603  Is)  arc  disltri- 
buted  between  the  ordinary  cylindrical  epithelium  (E)  covering  the  regio  oltactona  ilie 
body  of  the  cell  is  spindle-shaped,  with  a  large  nucleus  containing  nucleoli,  and  it  sends 
upwards  between  tlie  cylindrical  cells  a  narrow  (0*9  to  1"8^)  smooth 
rod,  iiuite  up  to  the  free  surface  of  the  mucous  membrane.  In  the  frog 
(m)  the  free  end  carries  delicate  projecting  hairs  or  bristles.  In  the 
deeper  part  of  the  mucous  membrane,  the  olfactory  cells  pass  into,  and 
become  continuous  with,  varicose  fine  nerve-fibres,  which  pass  into  the 
olfactory  nerve  (§  321,  I.,  1).  According  to  C.  K.  Hoffmann  and  Exner, 
after  section  of  tlie  olfactory  nerve,  the  specific  olfactory  end-organs 
become  changed  into  cylindrical  epithelium  (frog),  and  in  warm-blooded 
animals  they  undergo  fatty  degeneration,  even  on  the  15th  day.  V. 
Brunn  found  a  homogeneous  limiting  membrane,  which  had  holes  in  it 
for  transmitting  the  processes  of  the  olfactory  cells  only. 

[The  respiratory  part  of  the  nasal  mucous  membrane  is  lined  liy  cili- 
ated epithelium  stratified  like  that  in  the  trachea  and  resting  on  a  base- 
ment membrane.  Below  this  there  are  many  lymph-corpuscles  and 
aggregations  of  adenoid  tissue.  ] 

[The  organ  of  Jacobson  is  present  in  all  mammals,  and  consists  of  two 
narrow  tubes  protected  by  cartilage,  and  placed  in  the  lower  and  anterior 
part  of  the  nasal  septum.  Eacli  tube  terminates  blindly  behind,  but 
anteriorly  it  opens  into  the  nasal  furrow  or  into  the  naso-palatine  canal 
(dog).  Tlie  wall  next  the  middle  line  is  covered  by  olfactory  epithelium, 
and  receives  olfactory  nerves  (rabbit,  guinea-pig),  and  it  contains  glands 
similar  to  those  of  the  olfactory  region  ;  the  outer  wall  is  covered  by 
columnar  epithelium  ciliated  in  some  animals  {Klein).] 


Fig.  603. 

N,  olfactory  cells  (hu- 
man) ;  ?^,  from  the 


 ^     421.  OLFACTORY  SENSATIONS.— Olfactory  sensations 

frog  ^;  'E.'epithelium  are  produced  by  the  action  of  gaseous,  odorous  substances,  being 
of  the  regio  olfac-  brought  into  direct  contact  with  the  olfactory  cells,  during 
toi'i^-  the  act  of  breathing.    The  current  of  air  is  divided  by  the 

anterior  projection  of  the  lowest  turbinated  bone,  so  that  a  part  above  the  latter 
is  conducted  to  the  regio  olfactoria.  Odorous  bodies  taken  into  the  mouth  and  then 
expired  through  the  posterior  nares  are  said  not  to  be  smelt  {Bidder).  [This  is 
certainly  not  true,  as  has  been  proved  by  Aronsohn.] 

[It  is  usualh'^  stated  tliat  only  odorous  particles  suspended  in  air  excite  the  sensation  of  smell. 
This  is  certainly  not  the  whole  truth — ^otherwise,  how  do  aquatic  animals,  like  fish,  smell  ?  More- 
over the  mucous  membrane  is  always  moist,  and  in  some  cases  where  there  is  a  profuse  secretion 
from  the  olfactory  mucous  membrane,  there  is  no  impairment  of  the  sense  of  smell.] 

During  inspiration,  the  air  streams  along  close  to  the  septum,  while  little  of  it  passes  througii 
the  nasal  passages,  especially  the  superior  {Paulsen  and  Exner).  [The  expired  air  takes  almost 
the  same  course  as  the  inspired  air.] 

first  moment  of  contact  between  the  odorous  body  and  the  olfactory  mucous 
membrane  appears  to  be  the  time  when  the  sensation  takes  place,  as,  when  we  wish 
to  obtain  a  more  exact  perception,  we  snif  several  times,  i.e.,  a  series  of  rapid  in- 
spirations are  taken,  the  mouth  being  kept  closed.  During  snifling,  the  air  within 
the  nasal  cavities  is  rarefied,  and  as  air  rushes  in  to  equilibrate  the  pressure,  the 
air,  laden  with  odorous  particles,  streams  over  the  olfactory  region.  Odorous 
fluids  are  said  not  to  give  rise  to  the  sensation  of  smell  when  they  are  brought  into 
direct  contact  with  the  olfactory  mucous  membrane,  as  by  pouring  eau  de  Cologne 
into  the  nostrils  (Tourtual,  1827;  E.  II.  Weber,  1847).  [Aronsohn  has,  however, 
shown  that  these  experiments  are  not  accurate,  for  one  can  smell  eau  de  Cologne, 
clove  oil,  &c.,  when  a  mixture  of  these  bodies  with  -73  per  cent.  NaCl  is  applied  to 
the  olfactory  mucous  membrane;  the  most  suitable  medium  is  -73  per  cent.  NaCl 
and  its  temperature  40-43°  C]  Even  water  alone  temporarily  aft'ects  the  cells. 
We  know  practically  nothing  about  the  nature  of  the  action  of  odorous  bodies 
but  many  odorous  vapours  have  a  considerable  power  of  absorbing  heat  {Tyndcdl). 
[Odorous  bodies  diminish  the  number  of  respirations  {Goureivitsch).^ 

The  intensity  of  the  sensation  depends  on— 1.  The  size  of  the  olfactory  surface, 
as  animals  with  a  very  keen  sense  of  smell  are  found  to  have  complex  turbinated 
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bones  covered  by  the  olfactory  mucous  membrane.  2.  The  cencentration  of  the 
odorous  mixture  of  the  air.  Still,  some  substances  may  be  attenuated  enormously 
{e.(j.,  musk  to  the  two-millionth  of  a  milligramme),  and  still  be  smelt.  3.  The 
frequency  of  the  conduction  of  the  vapour  to  the  olfactory  cells  (snifKng). 

[The  acuteness  of  the  sense  of  smell  is  greatly  improved  by  practice.  A  boy 
named  James  Mitchell,  who  was  deaf,  dumb,  and  blind,  used  his  sense  of  smell, 
like  a  dog,  to  distinguish  persons  and  things.] 

[As  in  the  case  of  sight  and  hearing,  it  has  l)een  sought  to  connect  the  quality  of  taste  and 
smell  with  the  kind  of  vibrating  stimulus.  Ramsay  showed  that  many  facts  pointed  to  the 
dependence  of  smell  npon  the  vibratory  motion  of  odorous  particles;  tlius,  many  gases  and 
vapoui-s  of  low  specific  gravity — i.e.,  with  a  very  rapid  vibration  of  their  molecules— are  per- 
fectly odourless,  while  such  substances  as  the  alcohols  and  fatty  acids,  alike  in  chemical  and 
physical  pro})erties,  can  excite  generic  smells,  the  higher  members  of  the  group  being  more 
powerful  in  this  respect  than  the  lower  ones.  Taking  the  elements  as  arranged  in  a  "Natural 
Classification"  by  Mendelejeft",  Haycraft  has  shown  that  elements  in  the  same  group  are  capable 
of  producing  similar  or  related  tastes,  and  the  same  seems  to  be  true  for  smell  {Hayanft).] 

AVe  can  smell  the  following  substances  in  the  following  proportions : — Br  omine  iny^Tnr)  sul- 
phuretted hydrogen  TinrffTnT  milligramme  in  1  c.cm.  of  air  {Valentin) ;  also  TTjirffuTr^)  of  a  milli- 
gramme of  chlorphenol,  and  :nnT(y^oinriT  of  a  milligramme  of  mcrcaptan  [E.  Fischer  amf  Penzoldt). 
_  Electrical  stimuli  give  rise  to  olfactory  sensations.  [Althaus  found  that  electrical  stimula- 
tion of  the  olfactory  mucous  membrane  gave  rise  to  the  sensation  of  the  smell  of  phosphorus, 
and  Aronsohn  found  that  he  smelt  on  making  the  current  when  the  cathode — and  on  breaking 
the  current  when  the  anode — was  in  the  nose. 

The  variations  are  referred  to  in  §  343.  If  the  two  nostrils  are  filled  with  different  odorous 
substances  there  is  no  mixture  of  the  odours,  but  we  smell  sometimes  the  one  and  sometimes 
the  other  ( Valentin).  [Some  substances  appear  to  affect  some  regions  of  the  olfactory  mem- 
brane, while  others  affect  other  parts.]  The  sense  of  smell,  however,  is  very  soon  blunted,  or 
even  paralysed.  [It  can  be  blunted  or  fatigued  in  a  few  minutes  ;  but  after  it  is  completely 
fatigued  it  can  recover  in  a  minute.]  Morphia,  when  mixed  with  a  little  sugar  and  taken  as 
snuff,  paralyses  the  olfactoiy  apparatus,  while  strychnin  makes  it  more  sensitive  {Lichtenfelfi 
and  Fruhlich). 

The  sensory  nerves  of  the  nasal  mucous  membrane  (§  347,  II.)  [i.e.,  those  supplied  from  the 
fifth  cranial  nerve]  are  stimulated  by  irritating  vapours,  and  may  even  cause  pain,  e,(j.,  ammonia 
and  acetic  acid.  In  a  very  diluted  condition  they  may  even  act  on  the  olfactory  nerves.  The 
nose  is  u.seful  as  a  sentinel  for  guarding  against  the  introduction  of  disagreeable  odours  and 
foods.    The  sense  of  smell  is  aided  by  the  sense  of  taste,  and  conversely, 

[Flavour  depends  on  the  sense  of  smell,  and,  to  test  it,  use  substances,  solid  or  fluid,  with  an 
aroma  or  bouquet,  such  as  wine  or  roast  beef.] 

[Method  of  Testing. — In  doing  so,  avoid  the  u.se  of  pungent  substances  like  ammouia,  which 
excite  the  fifth  nerve.  Use  some  of  the  essential  volatile  oils,  such  as  cloves,  bergamot,  and  the 
fictid  gum  resins,  or  musk  and  camphor.  Electrical  .stimuli  are  not  available.  Action  of 
Drugs,  §  343.] 

Comparative. — In  the  lowest  vertebrata,  pits,  or  depressions  provided  with  an  olfactory 
nerve,  represent  the  simplest  olfactory  organ.  Ampliioxus  and  the  cyclostomata  have  only  one 
olfactory  pit  ;  all  other  vertebrates  have  two.  In  some  animals  (frog)  the  nose  communicates 
with  the  mouth  by  ducts.    The  olfactory  nerve  is  absent  in  the  whale. 

Historical. — Rufus  Ephesius  (97  a.b.)  described  the  passage  of  the  olfactory  nerve  through 
the  ethmoid  bone.  Rudius  (1600)  dissected  the  body  of  a  man  with  congenital  anosmia,  in 
whom  the  olfactorv  nerves  were  absent.  Majendie  originally  supposed  that  the  nasal  branch  of 
the  fifth  was  the  nerve  of  smell,  a  view  successfully  combated  by  Eschricht. 


The  Sense  of  Taste. 

422.  STRUCTURE  OF  THE  GUSTATORY  ORGANS.— Gustatory  Region. 

 There'  is  considerable  difference  of  opinion  as  to  what  regions  of  the  mouth  are 

endowed  with  taste  :—(l)  The  root  of  the  tongue  in  the  neighbourhood  of  the 
circumvallate  papill*,  the  area  of  distribution  of  the  glosso-pharyngeal  nerve,  is  un- 
doubtedly endowed  with  taste  (§  351).  (2)  The  tip  and  margins  of  the  tongue  are 
gustatory,  but  there  are  very  considerable  variations.  (3)  The  lateral  part  of  the  soft 
palate  and  the  glosso-palatine  arch  are  endowed  with  taste  from  the  glosso-pharyn- 
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geal  nerve.  (4)  It  is  uncertain  whether  the  hard  palate  and  the  entrance  to  the 
larynx  are  endowed  with  taste  (Drielsma).  The  middle  of  the  tongue  is  not  gustatory. 

[Tongue— MiicoxiB  membrane. —The  structure  of  the  tongue,  as  a  muscular  organ  covered  with 
inucous  membrane,  lias  already  been  described  (§  155).  The  dorsal  surface  of  the  tongue,  in 
front  of  the  blind  foramen,  is  beset  with  elevations  of  the  mucous  membrane,  which  extend  to 
its  tip  and  borders.  These  elevations,  or  papillae,  are  of  three  kinds  filiform,  fungiform, 
and  circiimvaUate.  They  consist  of  elevations  of  the  mucous  membrane,  visible  to  the  naked 
eye,  and  covered  bv  stratitied  snuamous  epithelium,  while  the  central  core  of  connective-tissue 
contains  blood-  and  lymph-vessels  and  nerves.  The  filiform  papillse  occur  over  the  whole  tongue, 
and  are  smallest  and  most  numerous.    They  are  conical  eminences  covered  by  stratilied  squamous 


Fig.  604.  Fig.  605. 

Fig.',604. — Longitudinal  section  of  the  dorsum  of  the  human  tongue.  1,  section  of  two  filiform 
papillfB,  with  secondary  papilhe  (2)  ;  3,  double,  4,  single  process  of  ejiithelium  with  loose 
epithelial  scales,  x  30.  Fig.  605. — Longitudinal  section  of  the  human  tongue.  1,  second- 
ary papillae  on  2,  the  fungiform  papilla  ;  3,  base  of  2  ;  4,  small  filiform  papilla,   x  30. 


(ipithelium,  and  often  beset  with  secondary  papillae  (fig.  604).  Tlie  fungiform  papillae  occur 
(ihiefly  over  the  middle  and  front  part  of  the  tongue,  and  are  not  so  numerous  as  the  last.  They 
are  club-shaped,  with  a  narrow  base,  and  broad  expanded  rounded  head.  They  also  have 
secondary  ^lapillfe.  They  are  generally  brighter  red  than  the  others  (fig.  605).  The  circum- 
vaUate  papillae,  8  to  12  in  number,  diverge  from  the  foramen  ctecum  at  the  back  part  of  the 


Fig.  606. 


I,  Tranverse  section  of  a  circumvallate  papilla;  W,  the  papilla  ;  r,,  v^,  the  wall  in  section  ; 
R,  R,  the  circular  slit  or  fossa  ;  K,  K,  the  taste-bulbs  in  position  ;  N,  N,  the  nerves.  II, 
Isolated  taste-bulb  ;  D,  supporting  or  protective  cells  ;  K,  under  end  ;  E,  free  end,  open| 
with  the  projecting  apices  of  the  taste-cells.  Ill,  Isolated  protective  cell  [d)  with  a  taste- 
cell  (e). 

tongue  in  two  rows  in  the  form  of  a  wide  V,  the  open  angle  of  the  V  being  directed  forwards. 
They  are  large,  with  a  broad  expanded  top,  and  are  lodged  in  a  depression  of  the  mucous  mem- 
Drane,  being  surrounded  by  a  wall  of  mucous  membrane,  and  separated  from  it  by  a  circular 
trench,  into  the  base  of  which  gland-ducts  often  open.    They  have  numerous  secondary  papillae 
and  in  them  are  taste-buds,  fig.  606,  I.]  ' 


Epithelium. 
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Taste-biilbs  — The  end-organs  of  the  gustatory  nerves  are  the  taste-bulbs  or  taste-buds  dis- 
covered by  Schwalbe  and  Loven  (1 867).  They  occur  on  the  lateral  surfaces  of  tlie  circuinvallate 
papilla;  hg  b06,  I),  and  upon  the  opposite  side,  K,  of  the  fossa  or  capillary  slit,  R,  R,  which 
•surrounds  the  central  emmeuce  or  papilla  ;  they  occur  more  rarely  on  the  surface.  They  also 
occur  on  the  fungiform  papUlre,  in  the  papilhu  of  the  soft  palate  and  uvula  {A.  Hoffmann),  on 
the  under  surface  ol  the  epiglottis,  the  upper  part  of  the  posterior  surface  of  the  epiglottis,  and 
the  inner  side  of  the  arytenoid  cartilages  ( TcriWi,  Davis),  and  ou  the  vocal  cords  {^Simanoiosky). 
Many  buds  or  bulbs  disappear  in  old  age. 

[In  the  rabbit  and  some  other  animals,  there  is  a  folded  laminated  organ  on  each  side  of  the 
posterior  part  of  the  tongue,  called  the  papiUa  foliata  ;  the  folds  have  on  each  side  of  them 
numerous  taste-buds  (hg.  607).] 

•  ^.t"'?^"^®  °!  taste-bulbs.  -They  are  81  ^  high  and  33  m  thick,  barrel-shaped,  and  embedded 
in  the  thick  stratihed  stpiamous  epithelium  of  the  tongue.  Each  bulb  consists  of  a  series  of 
lancet-shaped  bent,  nucleated,  outer  supporting  or  protective  cells,  arranged  like  the  staves 
of  a  barrel  (hg.  606,  II,  D.  insolated  in  III,  a).  They  are  so  arranged  as  to  leave  a  small 
opening,  or  the  gustatory  pore,"  at  the  free  end  of  the  bulb.  Surrounded  by  these  cells, 
and  lying  in  the  axis  of  the  bud,  are  1  to  10  gustatory  cells  (II,  E),  some  of  which  are  provided 
with  a  delicate  process  (III,  c)  at  their  free  ends,  while  their  lower  fixed  ends  send  out  basal 
processes,  which  become  continuous  with 
the  terminations  of  the  nerves  of  taste,  -  =  -t^-^.-^ 

which  have  become  non-medullated. 
After  section  of  the  glosso-pharyngeal, 
the  taste-buds  degenerate,  while  the 
protective  cells  become  changed  into 
ordinary  epithelial  cells  within  four 
months  {v.  Vintschgau  and  Honig- 
schmicil).  Very  similar  structures  were 
found  by  Leydig  in  the  skin  of  fresh- 
water fishes.  The  glaiuis  of  the  tongue 
and  their  secretory  fibres  from  the  9th 
cranial  nerve  are  referred  to  in  §  141 
(Drasch). 

423.  GUSTATORY  SENSA- 
TIONS.—Varieties.— There  are 
four  different  gustatory  qualities, 
the  sensations  of  1.  Sweet ;  2. 
Bitter ;  3.  Acid ;  4.  Saline.  Acid 
and  saline  substances  at  the  same 
time  also  stimulate  the  sensory- 
nerves  of  the  tongue,  but  when  Fig.  607. 

greatly  diluted,  they  only  excite  the  Vertical  section  of  two  septa  of  the  ])apilla  foliata 
end-organs  of  the  specific  nerves  of  (rabbit),  x  80.  Each  septum,  Z,  has  secondary  septa, 
taste.     Perhaps  there  are  special  ^'  taste-buds  ;  7i,  medullated  nerve ;  serous 

^1  uj-ii       i.       J.        nifuid,  and  part  or  its  duct,  a  ;  M,  muscular  fibres  oi 

nerve-fibres  for  each  different  gusta-    the  tongue, 

tory  quality  {c.  Vintschgau).  " 

Conditions. — Sapid  substances,  in  order  that  they  may  be  tasted,  require  the 
following  conditions  : — They  must  be  dissolved  in  the  fluid  of  the  mouth,  especially 
substances  that  are  solid  or  gaseous.  The  intensity  of  the  gustatory  sensation 
depends  on  : — 1.  The  size  of  the  surface  acted  on.  Sensation  is  favoured  by  rub- 
bing in  the  substance  between  the  papillae,  in  fact,  this  is  illustrated  in  the  rubbing 
movements  of  the  tongue  during  mastication  (§  354).  2.  The  concentration  of  the 
sapid  substance  is  of  great  importance.  Valentin  found  that  the  following  series 
of  substances  ceased  to  be  tasted  in  the  order  here  stated,  as  they  were  gradually 
diluted — syrup,  sugar,  common  salt,  aloes,  quinine,  sulphuric  acid.  Quinine  can 
be  diluted  20  times  more  than  common  salt  and  still  be  tasted  {Camerer).  3.  The 
time  which  elapses  between  the  application  of  the  sapid  substance  and  the  produc- 
tion of  the  sensation  varies  with  different  substances.  Saline  substances  are  tasted 
most  rapidly  (after  0'17  second,  according  to  v.  Vintschgau),  then  sweet,  acid  and 
bitter  (quinine  after  0*258  second,  v.  Vintschgau).  This  even  occurs  with  a 
mixture  of  these  substances  {Schirmer).   The  last-named  substances  produce  the  most 
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persistent  "  after-taste."  4.  The  delicacy  of  the  sense  of  taste  is  partly  congenital, 
but  it  can  be  greatly  improved  by  practice.  If  a  person  continues  to  taste  the 
same  sapid  substance,  or  a  nearly  related  one,  or  even  any  very  intensely  sapid 
substance,  the  gustatory  sense  is  soon  affected,  and  it  becomes  impossible  to  give  a 
correct  judgment  as  to  the  taste  of  the  sapid  body.  5.  Taste  is  greatly  aided  by  the 
sense  of  smell,  and  in  fact  we  often  confound  taste  with  smell ;  thus,  ether,  chloro- 
form, musk,  and  assafoetida  only  affect  the  organ  of  smell.  [The  combined  action 
of  taste  and  smell  in  some  cases  gives  rise  to  flavour  (p.  823).]  The  eye  even  may 
aid  the  determination,  as  in  the  experiment  where  in  rapidly  tasting  red  and  white 
wine  one  after  the  other,  when  the  eyes  are  covered,  we  soon  become  unable  to 
distinguish  between  the  one  and  the  other.  6.  The  most  advantageous  temjyerature 
for  taste  is  between  10°  to  35°  C. ;  hot  and  cold  water  temporarily  paralyse  taste. 

Ice  placed  on  the  tongue  suppresses,  sometimes  entirely,  the  whole  gustatory  apparatus  ; 
cocain  alone,  bitter  tastes,  and  water  containing  2  per  cent,  of  H2SO4,  excite  aftenvards  a 
sweet  taste  {Aducco  and  Mosso). 

Electrical  Current. — The  constant  current,  when  applied  to  the  tongue,  excites,  both 
during  its  passage  and  when  it  is  opened  or  closed,  a  sensation  of  acidity  at  the  +  pole,  and  at 
the -pole  an  alkaline  taste,  or,  more  correctly,  a  harsh  burning  sensation  (Sukcr,  1752).  This 
is  not  due  to  the  action  of  the  electrolytes  of  the  fluid  in  the  mouth,  for  even  when  the  tongue 
is  moistened  with  an  acid  fluid  the  alkaline  sensation  is  experienced  at  the  -  pole  ( VoUa).  We 
cannot,  however,  set  aside  the  supposition  that  perhaps  electrolytes,  or  decomposition-products, 
may  be  formed  in  the  deeper  parts  and  excite  the  gustatory  fibres.  Rapidly  interrupted 
currents  do  not  excite  taste  {Griinhagcn).  V.  Vintschgau,  who  has  only  incomjdete  taste  on 
the  tip  of  the  tongue,  finds  that  when  the  tip  of  the  tongue  is  traversed  by  an  electrical  current, 
there  is  never  a  gustatory  sensation,  but  always  a  distinct  tactile  one.  In  experiments  on 
Hijuigschmied,  who  is  possessed  of  normal  taste  in  the  tip  of  the  tongue,  there  was  often 
a  metallic  or  acid  taste  at  the  +  pole  on  the  tip  of  the  tongue,  while  at  the  -  pole  taste  was  often 
absent,  and  when  it  was  present  it  was  almost  always  alkaline,  and  acid  only  exceptionally.  After 
interrupting  the  current  there  was  a  metallic  after-taste  with  both  directions  of  the  current. 

[Testing'  Taste. — Direct  the  person  to  put  out  his  tongue  and  close  his  eyes,  and 
after  drying  the  tongue  apply  the  sapid  substance  by  means  of  a  glass  rod  or  a 
small  brush.  Try  to  confine  the  stimulus  as  much  as  possible  to  one  place,  and 
after  each  experiment  rinse  the  mouth  with  water.  A  wine-taster  chews  an  olive 
to  "  clean  the  palate,"  as  he  says.  For  testing  hitter  taste  use  a  solution  of  quinine 
or  quassia  ;  iovsiveet,  sugar,  [or  the  intensely  sweet  substance  "  saccharine  "  obtained 
from  coal  tar] ;  saline,  common  salt ;  and  acid,  dilute  citric  or  acetic  acid.  The 
galvanic  current  may  also  be  used.] 

Pathological. — Diseases  of  the  tongue,  as  well  as  dryness  of  the  month  caused  by  interference 
with  the  salivary  secretion,  interfere  with  the  sense  of  taste.  Subjective  gustatory  impressions 
are  common  amongst  the  insane,  and  are  due  to  some  central  cause,  perhaps  to  irritation  of  the 
centre  for  taste  (§  378,  IV.,  3).  After  poisoning  with  santonin,  a  bitter  taste  is  experienced, 
while  after  the  subcutaneous  injection  of  morphia,  there  is  a  bitter  and  acid  taste.  The  terms 
hypergeusia,  hypogeusia,  and  ageusia  are  applied  to  the  increase,  diminution,  and  abolition 
of  the  sense  of  taste.  Many  tactile  impressions  on  the  tongvie  are  frequently  confounded  with 
gustatory  sensations,  e.g.,  the  so-called  biting,  cooling,  prickling,  sandy,  mealy,  astringent, 
and  harsh  tastes. 

Comparative.— About  1760  taste-bulbs  occur  on  the  circumvallatc  papilhe  of  the  ox.  The 
term  papilla  foliata  is  apj^lied  to  a  large  folded  gustatory  organ  placed  laterally  on  the  side  of  the 
tongue  (fig.  607),  especially  of  the  rabbit  (Ra})]),  1832),  which  in  man  is  represented  by  analo- 
gous organs,  composed  of  longitudinal  folds,  lying  in  the  fimbria  linguaj  on  each  side  of  the 
l)Osteriorimrtof  the  tongue  (.STrawsc,  r.  IVyss).  Ta.ste-bulbs  are  absent  in  reptiles  and  birds. 
They  are  numerous  in  the  gill-slits  of  the  tadpole  {F.  E.  SrhuUze),  while  the  tongue  of  the  fro" 
is  covered  with  epithelium  resembling  gustatory  cells  {Billroth,  Axel  Key).  The  goblet-shaped 
organs  in  the  skin  of  fishes  and  tadpoles  have  a  structure  similar  to  the  taste-bulbs,  and  may 
perhaps  have  the  .same  function.    There  are  taste-bulbs  in  the  mouth  of  the  carp  and  ray. 

Historical.— Bellini  regarded  the  papilla;  as  the  organs  of  taste  (1711).  Richerand,  Mayo, 
and  Fodera  thought  that  the  lingual  was  the  only  nerve  of  taste,  but  Majendie  proved  that', 
after  it  was  divided,  the  posterior  part  of  the  tongue  was  still  endowed  with  taste.  Panizza 
(1834)  described  the  glosso-pharyngeal  as  the  nerve  of  taste,  the  gustatory  as  the  nerve  of  touch, 
and  the  hypoglo.ssal  as  the  motor  nerve  of  the  tongue. 
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The  Sense  of  Touch. 

424.  TERMINATIONS  OF  SENSORY  NERVES. -1.  The  touch-corpiiscles  of  Wagner  and 
Meisaner  he  in  the  papilla  of  the  cutis  vera  283),  and  are  most  numerous  in  the  nahn  of  the 
ha  ml  and  the  sole  of  the  foot,  especially  in  the  fingers  and  toes,  there  being  atout  21  to 
c  eiy  square  millimetre  of  skin  or  108  to  400  of  the  papilhxj  containing  blood-vessels.  They 
a  e  less  abundant  on  the  back  ot  the  hand  and  foot,  mamma,  lips,  and  tip  of  the  tongue,  rare 
on  the  glans  c htoridis,  and  occur  singly  and  scattered  on  the  volar  side  of  the  fore-arm%ven  in 
the  anthropoid  apes.  1  hey  are  oval  or  elliptical  bodies,  40-200  ^  long  [^U  in.],  and  60-70 
Dioaa  [..^^  to  m.J,  and  are  covered  externally  by  layers  of  connective-tissue  arranged 
transversely  in  layers,  and  within  is  a  granular  mass  with  elongated  striped  nuclei  (figs.  608, 

609,  c).  One  to  three  medullated 
nerve-fibres  pass  to  the  lower 
end  of  each  corpuscle,  and  sur- 
round it  in  a  spiral  manner  two 
or  three  times  ;  the  fibres  then 
lose  their  myelin,  and,  after 
dividing  into  4  to  6  fibrils,  branch 
within  the  corpuscle.    The  exact 


Fig.  608.  Fig.  609. 

Fig.  608. — Vertical  section  of  the  skin  of  the  palm  of  the  hand,  a,  blood-vessels  ;  b,  papilla 
of  the  cutis  vera  ;  c,  capillary  ;  d,  nerve-fibre  passing  to  a  touch-corpuscle  ;  /,  nerve- 
fibre  divided  transversely  ;  e,  Wagner's  touch -corpuscle  ;  c/,  cells  of  the  Malpighian  layer 
of  the  skin.  Fig.  609. — Wagner's  touch-corpuscle  from  the  palm,  treated  with  gold 
chloride;  n,  nerve-fibres;  a,  a,  groups  of  glomeruli. 

mode  of  termination  of  the  fibrils  is  not  known.  Some  observers  suppose  that  the  transverse 
fibrillation  is  due  to  the  coils  or  windings  of  the  nerve-fibrils  ;  while  according  to  others, 
the  inner  part  consists  of  numerous  flattened  cells  lying  one  over  the  other,  between  which 
the  pale  terminal  fibres  end  either  in  swellings  or  with  disc-like  expansions,  such  as  occur  in 
Merkel's  corpuscles. 

[These  do  not  contain  a  soft  core  such  as  exists  in  Pacini's  corpuscles.  The  corpuscles  appear 
to  consist  of  connective-tissue  with  imperfect  septa  passing  into  the  interior  from  the  fibrous 
capsule.  After  the  nerve-fibre  enters  it  loses  its  myelin,  and  then  branches,  while  the  branches 
anastomose  and  follow  a  spiral  course  within  the  corpuscle,  finally  to  terminate  in  slight 
enlargements.  According  to  Thin,  there  are  simple  and  compound  corpuscles,  depending  on 
the  number  of  nerve-fibres  entering  them.] 

Kollmann  describes  three  special  tactile  areas  in  the  hand  : — (1)  The  tips  of  the  fingers  with 
24  touch-corpuscles  in  a  length  of  10  mm.  ;  (2)  the  three  eminences  Ijnng  on  the  palm  behind 
the  slits  between  the  fingers,  with  5"4-2'7  touch-cor{iuscles  in  the  same  length;  and  (3)  the 
ball  of  the  thumb  and  little  finger  with  3'l-3"5  touch -corpuscles.  The  first  two  areas  also 
contain  many  of  the  corpuscles  of  Vater  or  Pacini,  while  in  the  latter  these  corpuscles  are  fewer 
and  scattered.    In  the  other  parts  of  the  hand  the  nervous  end-organs  are  much  less  developed. 
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2  Vater's  (1741)  or  Pacini's  coi-piiscles  are  oval  bodies  (fig.  610),  1-2  mm.  long,  lying  in 
the  subcutaneous  tissue  on  the  nerves  of  the  fingers  and  toes  (600-1400),  in  the  neighbourhood 
of  joints  and  muscles,  the  sympathetic  abdominal  plexuses,  near  the  aorta  and  coccygeal  gland 
on  the  dorsum  of  the  penis  and  clitoris,  and  in  the  mesocolon  [and  mesentery]  of  the  cat. 
[They  also  occur  in  the  course  of  the  intercostal  and  periosteal  nerves,  and  Stirling  has 
seen  them  in  the  capsule  of  lymphatic  glands.  They  are  attached  to  the  nerves  of  the  hand 
and  feet,  and  are  so  large  as  to  be  visible  to  the  naked  eye,  both  in  these  regions  and  between 
the  layers  of  the  mesentery  of  the  cat.  They  are  whitish  or  somewhat  transparent,  with  a 
white  line  in  the  centre  (cat) ;  in  man,  they  are  xV  to  tV  ^^^■^^  ^^ng,  and  to  ,V  inch  broad, 
and  are  attached  by  a  stalk  or  pedicle  (fig.  610,  a)  to  the  nerve.]  They  consist  of  numerous 
nucleated  connective-tissue  capsules  or  lamellae  lined  by  endothelium,  separated  from  each  other 
by  fluid,  and  lying  one  within  the  other  like  the  coats  of  an  onion,  while  in  the  axis  is  a 

central  core.  A  meduUated  nerve-fibre  passes  to  each, 
where  its  sheath  of  Schwann  unites  with  the  capsule.  It 
loses  its  myelin,  and  passes  into  the  interior  as  an  axial 
cylinder  (fig.  610,  c),  where  it  either  ends  in  a  small  knob 
or  may  divide  dichotomously  (fig.  610,  /),  each  branch 
terminating  in  a  small  pear-shaped  calargcmcnt.  [Eacli 
large  corpuscle  is  covered  by  40-50  lameUse,  or  tunics, 
which  are  tliinner  and  closer  to  each  other  (fig.  610,  d) 
internally  than  in  the  outer  part,  where  they  are  thicker 
and  wider  apart.  The  lamellte  are  like  the  laminae  in  the 
lamellated  sheath  of  a  nerve,  and  are  composed  of  an  elastic 
basis  mixed  with  white  fibres  of  connective-tissue,  while 
the  inner  surface  of  each  lamella  is  lined  by  a  single  con- 
tinuous layer  of  endothelium  continuous  with  that  of  the 
perineurium.  It  is  easily  stained  with  silver  nitrate. 
The  efferent  nerve-fibre  is  covered  with  a  thick  sheath  of 
lamellated  connective-tissue  (sheath  of  Henle),  which  be- 
comes blended  with  the  outer  lamellaj  of  the  corpuscle. 
The  medullated  nerve  is  sometimes  accompiinied  by  a 
blood-vessel,  and  pierces  the  various  tunics,  retaining  its 
myelin  until  it  reaches  the  core,  where  it  terminates  as 
already  described.] 


Fig.  610.  Fig.  611.  Fig.  612. 

Fig.  610.— Vater's  or  Pacini's  corpuscle,  a,  stalk;  h,  nerve-fibre  entering  it;  c,  d,  connective- 
tissue  envelope  ;  e,  axis-cyhnder,  with  its  end  divided  at  /.  Fig.  611.— End-bulb  from 
human  conjunctiva,  a,  nucleated  capsule  ;  h,  core  ;  c,  fibre  entering  and  branching,  ter- 
minating in  core  at  d.    Fig.  612.— Tactile  corpuscles,  clitoris  of  rabbit. 

3.  Kranse's  end-bulbs  very  probably  occur  as  a  regular  mode  of  nerve-termination  in  the 
cutis  and  mucous  membranes  of  all  mammals  (fig.  611).  They  are  elongated,  oval  or  round 
bodies,  0-075  to  014  mm.  long,  and  have  been  found  in  the  deeper  layers  of  the  conjunctiva 
bulbi,  floor  of  the  mouth,  margins  of  the  lips,  nasal  mucous  membrane,  epiglottis  fun<^iform 
and  circumvallate  papilla-,  glans  penis  and  clitoris,  volar  surface  of  the  toes  of  the  cruinea-picr 
ear  and  bo.ly  of  the  mouse,  and  in  the  wing  of  the  bat.  [In  the  calf,  the  "cyUndrical  end'- 
bulbs"  are  oval,  with  a  nerve-fibre  terminating  within  them.  The  sheath  of  Henle  becomes 
continuous  with  the  nucleated  capsule,  while  the  axial  cylinder,  devoid  of  its  myelin  is  con 
tmued  into  the  soft  core.    In  man  the  end-bulbs  are  "  spheroidal,"  and  consist  of  a  nucleated 
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connective-tissue  capsule  continuous  with  Henle's  sheath  of  the  nerve,  and  enclosing  many  cells, 
amongst  which  the  axis-cylinder  which  enters  the  bulb  branches  and  terminates.]  The  spheroidal 
end-bulbs  occur  in  man,  in  the  nasal  mucous  membrane,  conjunctiva,  mouth,  epiglottis,  and 
the  mucous  folds  of  the  rectum.  According  to  Waldeyer  and  Lougworth,  the  nerve-fibrils 
teriuinate  in  the  cells  within  the  capsule.  These  cells  are  said  to  be  comparable  to  Merkel's 
tactile  cells  (  Waldeyer). 

The  genital  corpuscles  of  Kiause,  which  occur  in  the  skin  and  mucous  membrane  of  the 
glims  penis,  clitoris,  and  vagina,  appear  to  be  end-bulbs  more  or  less  fused  together  (fig.  612). 

The  articulation  nerve -corpuscles  occur  in  the  synovial  mucous  membrane  of  the  joints  of 
the  hngers.  They  are  larger  than  the  end-bulbs,  and  have  numerous  oval  nuclei  externally, 
while  one  to  four  nerve-fibres  enter  them. 

4.  Tactile  or  touch- corpuscles  of  Merkel,  sometimes  also  called  the  coi-puscles  of  Grandiy, 
occur  in  the  beak  and  tongue  of  the  duck  and  goose,  in  the  epidermis  of  man  and  mammals, 
and  in  the  outer  root-sheath  of  tactile  haire  or  feelers  (tig.  613).  They  are  small  bodies  com- 
posed of  a  capsule  enclosing  two,  three,  or  more  large,  granular,  somewhat  llatteiied  nucleated 
and  nucleolated  cells,  piled  one  on  the  other  in  a  vertical  row  like  a  row  of  cheeses.  Each 
corpuscle  receives  at  one  side  a  medullated  nerve-fibre  which  loses  its  myelin,  and  branches,  to 
terminate,  according  to  some  observers  {Merkel),  in  the  cells  themselves,  and  according  to  others 
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Fig.  613.  Fig.  614. 

Fig.  613. — Tactile  corpuscles  from  the  duck's  tongue.  A,  composed  of  three  cells  with  two 
interposed  discs,  with  axis-cylinder,  n,  passing  into  them.  B,  two  tactile  cells  and  one 
disc.  Fig.  614. — Bouchon  epidermique  from  the  groin  of  a  guinea-pig,  after  the  action  of 
gold  chloride,    n,  nerve-fibre  ;  a,  tactile  cells  ;  m,  tactile  discs  ;  c,  epithelial  cells. 

swellings  in  the  interstitial  substance  between  the  touch-cells,  in  a  manner  very  similar  to  that 
occurring  in  the  end-bnlbs.] 

[According  to  Merkel,  tactile  cells,  either  isolated  or  in  groups,  but  in  the  latter  case  never 
forming  an  independent  end-organ,  occur  in  the  deeper  layers  of  the  epidermis  of  man  and 
mammals  and  also  in  the  papilla*.  They  consist  of  round  or  flask-shaped  cells,  with  the  lower 
pointed  neck  of  the  flask  continuous  with  the  axis-cylinder  of  a  nerve-fibre.  They  are  regarded 
by  Merkel  as  the  simplest  form  of  a  tactile  end-organ,  but  their  existence  is  doubted  by  some 
oljservers.  ] 

Amongst  animals  there  are  many  other  forms  of  sensory  end-organs.  [Herbst's  corpuscles 
occur  in  the  mucous  membrane  of  the  tongue  of  the  duck,  and  resemble  small  Vater's  corpuscles, 
but  their  lamelhe  are  thinner  and  nearer  each  other,  while  the  axis-cylinder  within  the  central 
core  is  bordered  on  each  side  by  a  row  of  nuclei.]  In  the  nose  of  the  mole  there  is  a  peculiar 
end-organ  (Eimcr),  while  there  are  "  cnd-ca2)sulcs  "  in  the  penis  of  the  hedgehog  and  the  tongue 
of  the  elephant,  and  '^nerve-rings"  in  the  ears  of  the  mouse. 

5.  [Other  Modes  of  Ending  of  Sensory  Nerves. — Some  sensory  nerves  terminate  not  by  means 
of  special  end-organs,  but  their  axis-cylinder  splits  up  into  fibrils  to  form  a  nervous  network, 
from  which  fine  fibrils  are  given  off"  to  terminate  in  the  tissue  in  which  the  nerve  ends.  These 
fibrils,  as  in  the  cornea  (§  384),  terminate  by  means  of  free  ends  between  the  epithelium  on  the 
anterior  surface  of  the  cornea,  and  some  observers  state  that  the  free  ends  are  provided  with 
small  enlargements  ("  boutons  terminals")  (fig.  614,  a).  These  enlargements  or  "  tactile  cells " 
occur  in  the  gi-oin  of  the  guinea-pig  and  mole.  A  similar  mode  of  termination  occurs  between 
the  cells  of  the  epidermis  in  man  and  mammals  (fig.  293).] 

6.  Tendons,  especially  at  their  junction  with  muscles,  have  special  end-organs  {Sac7i^,  Rollcti, 
Golgi),  which  assume  various  forms  ;  it  may  be  a  network  of  primitive  nerve-fibrils,  or  flattened 
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end-flakes  or  plates  in  the  sterno-radial  muscle  of  the  frog,  or  elongated  oval  end-bulbs,  not  un- 
like the  end-bulbs  of  the  conjunctiva,  or  small  simple  Pacinian  cor])uscles.] 

Prus  found  ganglion  cells  more  frequently  in  the  subcutaneous  tissue  than  in  the  corium, 
and  they  appeared  to  have  some  relation  to  the  blood-vessels  and  sweat-glands. 

425.  SENSORY  AND  TACTILE  SENSATIONS.— In  the  sensory  nerve- 
trunks  there  are  two  functionally  different  kinds  of  nerve-fibres  : — (1)  Those  which 
administer  to  pa ''nf  id  impressions,  which  are  sensory  nerves  in  the  narrower  sense  of 
the  word  ;  and  (2)  those  which  administer  to  tactile  impressions  and  may  therefore  be 
called  tactile  nerves.  The  sensations  of  temperature  and  pressure  are  also  reckoned 
as  belonging  to  the  tactile  group.  It  is  extremely  probable  that  the  sensory  and 
tactile  nerves  have  different  end-organs  and  fibres,  and  that  they  have  also  special 
perceptive  nerve-centres  in  the  brain,  although  this  is  not  definitely  proved.  This 
view,  however,  is  supported  by  the  following  facts  : — 

1.  That  sensory  and  tactile  impressions  cannot  be  discharged  at  the  same  time 
from  all  the  parts  which  are  endowed  with  sensibility.  Tactile  sensations,  includ- 
ing pressure  and  temperature,  are  only  discharged  from  the  coverings  of  the  skin, 
the  mouth,  the  entrance  to  and  floor  of  the  nose,  the  jjharynx,  the  lower  end  of  the 
rectum  and  genito-urinary  orifices  ;  feeble  indistinct  sensations  of  temperature  are 
felt  in  the  oesophagus.  Tactile  sensations  are  absent  from  all  internal  viscera,  as 
has  been  proved  in  man  in  cases  of  gastric,  intestinal,  and  urinary  fistulse.  Pain 
alone  can  be  discharged  from  these  organs.  2.  The  conduction  channels  of  the 
tactile  and  sensory  nerves  lie  in  different  parts  of  the  spinal  cord  (§  364,  1  and  5). 
This  renders  probable  the  assumption  that  their  central  and  peripheral  ends  also 
are  different.  3.  Very  probably  the  reflex  acts  discharged  by  both  kinds  of  nerve 
fibres — the  tactile  and  pathic — are  controlled,  or  even  inhibited,  by  special  central 
nerve-organs  (§  361 — 4.  Under  pathological  conditions,  and  under  the  action  of 
narcotics,  the  one  sensation  may  be  suppressed  while  the  other  is  retained  (§  364,  5). 

Sensory  Stimuli. — In  order  to  discharge  a  painful  impression  from  sensory 
nerves,  relativelij  strong  stimuli  are  required.  The  stimuli  may  be  mechanical, 
chemical,  electrical,  thermal,  and  somatic,  the  last  being  due  to  inflammation  or 
anomalies  of  nutrition  and  the  like. 

Peripheral  Reference  of  the  Sensations. — These  nerves  are  excitable  along  their 
entire  course,  and  so  is  their  central  termination,  so  that  pain  may  be  produced  by 
stimulating  them  in  any  part  of  their  course,  but  this  pain,  according  to  the  "  law 
of  peripheral  perception,"  is  always  referred  to  the  periphery. 

The  tactile  nerves  can  only  discharge  a  tactile  impression  or  sensation  of  contact 
when  moderately  strong  mechanical  pressure  is  exerted,  while  thermal  stimuli  are 
required  to  produce  a  temperature  sensation,  and  in  both  cases,  the  results  are 
obtained  only  when  the  appropriate  stimuli  are  applied  to  the  end-organs.  If 
pressure  or  cold  be  applied  to  the  course  of  a  nerve-trunk,  e.g.,  to  the  ulna  at  the 
inner  surface  of  the  elbow-joint,  we  are  conscious  of  painful  sensations,  but  never  of 
those  of  temperature,  referable  to  the  periplierrd  terminations  of  the  nerves  in  the 
inner  fingers.  All  strong  stimuli  disturb  normal  tactile  sensations  by  over-stimula- 
tion, and  hence  cause  pain. 

The  law  of  the  specific  energy  of  nerves  leads  us  to  assume  that  the  cutaneous 
nei^es  contain  different  kinds  of  nerve-fibres  with  different  kinds  of  end-oro-ans 
which  subserve  different  kinds  of  impressions,  e.g.,  pressure,  temperature,  and  pain' 
Blix  and  Goldscheider  have  found  such  differences.    Electrical  stimulation  causes 
different  sensations  according  to  the  part  of  the  skin  where  it  is  applied;  at  one 
spot,  pam  only  is  produced,  at  another  a  sensation  of  cold,  at  a  third  a  sensation  of 
heat,  and  at  a  fourth,  a  sensation  of  pressure.    At  every  temperature  point  or  spot 
there  is  insensibility  for  pain  or  pressure.    The  "  pressure-points  "  or  pressure-spots 
he  much  closer  together,  and  are  more  numerous  than  the  temperature-points 
There  are  special  "pain-spots"  and  even  "tickling-spots."    These  spots  are 
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arranged  in  a  linear  chain,  which  usually  radiates  from  the  hair-follicles.  The 

"  tickling-spots  "  coincide  with  the  pressure  and  pain-spots.    The  feeling  of  tickling 

corresponds  to  the  feeblest  stimulation  of  a  nerve-fibre,  and  pain  to  the  strongest. 

The  pain-spots  can  be  isolated  by  means  of  a  needle,  or  electrically,  especially  in 

the  cutaneous  furrows,  in  which  the  pressure-sense  is  absent. 

Goldscheider  removed  from  his  own  body  small  pieces  of  skin,  in  which  he  had  previously 
ascertained  the  presence  of  these  "  spots,"  and  then  investigated  the  excised  skin  microscopic- 
ally. At  each  such  spot  he  found  a  rich  supply  of  nerves  ;  at  the  jiressure-spots,  there  were 
no  touch-corpuscles. 

[By  means  of  the  skin,  impressions  ave  supplied  also  to  the  brain,  whereby  we  become  con- 
scious of  the  amount  and  direction  of  a  body  moved  in  contact  with  the  skin.  Indeed,  tlie 
discriminative  sensibility  is  more  acute  for  motion  than  tor  touch  ;  but  the  liability  to  error  in 
judging  of  the  distance  and  direction  is  great  (Hall).] 

[Very  complex  sensations  are  obtained  by  means  of  the  combined  action  of  the  skin  and 
muscles,  e.g.,  those  known  as  "feelings  of  double  contact."  These  sensations  are  of  the 
greatest  advantage  in  acquiring  the  use  of  instruments  and  tools.  If  we  touch  an  object  with 
a  rod,  we  seem  to  feel  the  object  at  the  point  of  tlie  i-od,  and  not  in  the  hand  where  the  cutaneous 
nerves  are  actually  stimulated.  With  a  walking  stick,  we  feel  the  ground 
at  the  end  of  the  stick.  Touch  the  tips  of  the  hair,  or  a  tooth,  and  the 
.sensation  is  referred  to  the  tips  of  the  hair  in  the  one  case,  and  the  crown 
of  the  tooth  in  the  other  {Ladd).] 

426.  SENSE  OF  LOCALITY.— We  are  not  only  able  to 
distinguish  differences  of  pressure  or  temperature  by  our  sensory 
nerves,  but  we  are  able  to  distinguish  the  part  which  has  been 
touched.  This  capacity  is  spoken  of  as  the  sense  of  space  or 
locality. 

Methods  of  Testing. — 1.  Place  the  two  blunted  points  of  a  pair  of  com- 
passes (lig.  615)  upon  the  part  of  the  skin  to  be  investigated,  and  determine 
the  smallest  distance  at  which  the  two  points  are  felt  only  as  one  impres- 
sion.   Sieveking's  sesthesiometer  may  be  used  instead  (lig.  616)  ;  one  of  tlie 
points  is  movable  along  a  graduated  rod,  while  the  other  is  fixed.  2. 
The  distance  between  tlie  points  of  the  instrument  being  kept  the  same, 
touch  several  parts  of  the  skin,  and  ask  if  the  person  feels  the  impression 
of  the  points  coming  nearing  to  or  going  wider  apart.    3.  Touch  a  part  of         Fig.  61.5. 
the  skin  with  a  blunt  instrument,  and  observe  if  the  spot  touched  is  cor-  ^.sthesiometer. 
rectly  indicated  by  the  patient.    4.  Separate  the  points  of  two  paiis  of 
compasses  unequally,  and  place  their  points  upon  different  parts  of  the  skin,  and  ask  the  person 
to  state  when  the  points  of  both  appear  to  be  equally  far  nmrt.    A  distance  of  4  lines  on  the 


.Slsthesiometer  of  Sieveking 

forehead  appears  to  be  ( (lual  to  a  distance  of  2-4  lines  on  the  uppei  lip.  This  is  Fechner's 
' '  methods  of  equivalents. 

The  following  results  have  been  obtained.  The  sense  of  locality  of  a  part  of  the 
skin  is  more  acute  under  the  following  conditions  : — 

1.  The  o-reater  the  number  of  tactile  nerve.',  in  the  corresponding  part  of  the  skin. 

2  The  greater  the  mobility' of  the  -part,  so  that  it  increases  in  the  extremities 
towards  th'e  fingers  and  toes.  The  sense  of  locality  is  always  very  acute  in  parts  of 
the  body  that  are  very  rapidly  moved  (Viermrlt). 
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J.  The  sensibility  of  the  limbs  is  finer  in  the  transverse  axis  than  in  the  long  axis 
the  limb,  to  the  extent  of  ^th  on  the  flexor  surface  of  the  upper  limb,  and  -^th 


3 

of  the 

on  the  extensor  surface. 

4.  The  moi/e  of  application  of  the  points  of  the  testhesiometer  : — (a)  According 
as  they  are  applied  one  after  the  other,  instead  of  simultaneously,  or  as  they  are 
considerably  warmer  or  colder  than  the  skin  {Kluy),  a  person  may  distinguish  a 
less  distance  between  the  points,  (h)  If  we  begin  with  the  points  wide  apart  and 
approximate  them,  then  we  can  distinguish  a  less  distance  than  when  we  proceed 
from  imperceptible  distances  to  larger  ones,  (f)  If  the  one  point  is  warm  and  the 
other  cold,  on  exceeding  the  next  distance  we  feel  two  impressions,  but  we  cannot 
rightly  judge  of  their  relative  positions  (Czermak). 

5.  Exercise  greatly  improves  the  sense  of  locality;  hence  the  extraordinary 
acuteness  of  this  sense  in  the  blind,  and  the  improvement  always  occurs  on  both 
sides  of  the  body  (  Volhnann). 

[Fr.  Galton  finds  that  tlie  reputed  increased  acuteness  of  the  other  senses  in  the  case  of  the 
blind  is  not  so  great  as  is  generally  alleged.  He  tested  a  large  number  of  boys  at  an  educational 
blind  asylum,  with  the  result  that  the  performances  of  the  blind  boys  were  by  no  means  superior 
to  those  of  other  boys.  He  points  out,  however,  that  "the  guidance  of  the  blind  depends 
mainly  on  the  multitude  of  collateral  indications,  to  which  they  give  much  heed,  and  not  in  their 
superiority  in  any  one  of  them."] 

6.  Moistening  the  skin  with  indifferent  fluids  increases  the  acuteness.  If,  how- 
ever, the  skin  between  two  points,  which  are  still  felt  as  two  distinct  objects,  be 
slightly  tickled,  or  be  traversed  by  an  imperceptible  electrical  current,  the  impi'es- 
sions  become  fused  {Susloiva).  The  sense  of  locality  is  rendered  more  acute  at  the 
cathode  when  a  constant  current  is  used  {Suslowa),  and  when  the  skin  is  congested 
by  stimulation  {Klinhenherg),  and  also  by  slight  stretching  of  the  skin  {Schmey); 
further,  by  baths  of  carbonic  acid  {v.  Basch  and  v.  Dietl),  or  warm  common  salt, 
and  temporarily  by  the  use  of  caSein  (Bum])/). 

7.  Ansemia,  produced  by  elevating  the  limbs,  or  venom  hyijeroe,mia  (by  compress- 
ing the  veins),  blunts  the  sense,  and  so  does  too  frequent  testing  of  the  sense  of 
locality,  by  producing  fatigue.  The  sense  is' also  blunted  by  cold  applied  to  the 
skin,  the  influence  of  the  anode,  strong  stretching  of  the  skin,  as  over  the  abdomen 
during  pregnancy,  previous  exertion  of  the  muscles  under  the  part  of  the  skin 
tested,  and  some  poisons,  e.g.,  atropin,  daturin,  morphin,  strychnin,  alcohol, 
potassium  bromide,  cannabin,  and  chloral  hydrate. 

Millimetres. 


Tip  of  tongue  1-1  [I'l] 

Third  phalanx  of  finger,  volar 

surface,  .  .  .  .  .  2"-2' 
Red  part  of  the  lip,  .  .  .  4  " 
Second  phalanx  of  finger,  volar 

surface,  ..... 
First  phalanx  of  finger,  volar 

surface,  ..... 
Third  phalanx  of  finger,  dorsal 

surface,  ..... 
Tip  of  nose,  .... 
Head  of  metacarpal  bone,  volar, 
Ball  of  thumb,  .... 
Ball  of  little  finger,  . 
Centre  of  palm,         .       .       .  8*-9' 
Dorsum  and  side  of  tongue,  white 

of  the  lips,  metacarpal  part  of 

the  thumb,  .  .  .  .  9*  [6-8] 
Third  phalanx  of  the  great  toe, 

plantar  surface,  .  .  .  11 '3  [6 '8] 
Second  phalanx  of  the  fingers, 

dorsal  surface,  .  .  .  11*3  [9*] 
Back,  11-3  [9-] 


[1-n 

[3-9] 


4 -  4 -5  [3-9] 

5 -  5 -5 

6-8  [4-5] 
6-8  [4-5] 

5 -6 -8  [4-5] 

3-5-7- 

j-5-6' 


Millimetres. 
11-3  [9-] 
13-5  [11-3] 


Eyelid, 

Centre  of  hard  palate. 
Lower  third  of  the  fore-arm,  volar 

surface,  . 
In  front  of  the  zj'goma. 
Plantar  surface  of  the  great  toe, 
Inner  surface  of  the  lip, 
Behind  the  zygoma,  . 
Forehead,  . 
Occiput, 

Back  of  the  hand, 
Under  the  chin,  . 
Vertex, 
Knee, 

Sacrum,  gluteal  region. 
Fore-arm  and  leg. 
Neck,  ... 
Back  at  the  fifth  dorsal  vertebra, 

lower  dorsal  and  lumbar  region,  54  "1 
Middle  of  the  neck,  .  .  .67-7 
Upper  arm,  thigh,  and  centre  of 

the  back,        .       .       .    677  [31 -6-40 -6] 


15- 

15-8  [11-3] 
15-8  [9-] 
20-3  [13-5] 
22-6  [15-8] 
22-6  [18-] 
27-1  [22-6] 
31  -6  [22  -6] 
33-8  [22-6] 
33-8  [22-6] 
36-1  [31-6] 

44-  6  [33-8] 

45-  1  [33-8] 
54-1  [36-1] 
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Fig.  617. 
Aristotle's  experiment. 


Smallest  Appreciable  Distance. — The  preceding  statement  gives  the  smallest 
distance,  in  millhnetres,  at  which  two  points  of  a  pair  of  compasses  can  still  be  dis- 
tinguished as  double  by  an  adult.  The  corresponding  numbers  for  a  boy  twelve 
years  of  age  are  given  within  brackets. 

Illiisions  of  the  sense  of  locality  occur  very  frequently;  the  most  marked  are  :— (1)  A  uni- 
form movement  over  a  cutaneous  surface  api)ears  to  be  quicker  in  those  places  which  have  the 
finest  sense  of  locality.  (2)  If  we  merely  touch  the  skin  with  the  two  points  of  an  ;estliesio- 
meter,  then  they  feel  as  if  they  were  wider  apart  than  when  the  two  points  are  77iovecl  along  the 
skin  (Fcchicr).  (3)  A  sphere,  when  touched  with  short  rods,  feels  larger  than  when  long  rods 
are  used  (Tourtual).  (4)  When  the  fingers  of  one  hand  are  crossed,  a  small  pebble  or  sphere 
placed  between  them  feels  double  (Aristotle's  experiment).  [When  a  pebble  is  rolled  between 
the  crossed  index  and  middle  finger  (lig.  617,  B),  it  feels  as  if  two  balls  were  present,  but  with 
the  fingers  uncrossed  single.]  (5)  When  pieces  of  skin 
are  transplanted,  e.g.,  from  the  forehead,  to  form  a 
nose,  the  person  operated  on  feels,  often  for  a  long 
time,  the  new  nasal  part  as  if  it  were  his  forehead. 

Theoretical. — Numerous  experiments  were  made  by 
E.  H.  Weber,  Lotze,  Meissner,  Czermak,  and  others 
to  exjilain  the  phenomena  of  the  sense  of  space. 
Weber's  theory  goes  upon  the  assumption,  that  one 
and  the  same  nerve-fibre  proceeding  from  the  brain 
to  the  skin  can  only  take  up  one  kind  of  impression, 
and  administer  thereto.  He  called  the  part  of  the 
skin  to  which  each  single  nerve-fibre  is  distributed 
a  "circle  of  sensation."  When  two  stimuli  act 
simultaneously  upon  the  tactile  end-organ,  then  a 
double  sensation  is  felt,  when  one  or  more  circles  of 
sensation  lie  between  the  two  points  stimulated. 
This  explanation,  based  upon  anatomical  considera- 
tions, does  not  explain  how  it  is  that,  with  practice, 
the  circles  of  sensation  become  smaller,  and  also  how 
it  is  that  only  one  sensation  occurs,  when  both  points 
of  the  instruments  are  so  applied,  that  both  points,  although  further  apart  than  the  diameter  of 
a  circle  of  sensation,  at  one  time  lie  upon  two  adjoining  circles,  at  anotlier  between  two  others 
with  another  circle  intercalated  between  them. 

Wundt's  Theory.  — In  accordance  with  the  conclusions  of  Lotze,  Wundt  proceeds  from  a 
psycho-physiological  basis,  that  every  part  of  the  skin  with  tactile  sensibility  always  conveys 
to  the  brain  the  locality  of  the  sensation.  Every  cutaneous  area,  therefore,  gives  to  the  tactile 
sensation  a  "local  colour"  or  quality,  wliich  is  spoken  of  as  the  local  sign.  He  assumes 
that  this  local  colour  diminishes  from  point  to  point  of  the  skin.  This  gradation  is  very  sudden 
in  those  parts  of  the  skin  where  the  sense  of  space  is  veiy  acute,  but  occurs  very  gradually 
where  the  sense  of  space  is  more  obtuse.    Separate  im-  ^  .  .... 

pressions  unite  into  a  common  one,  as  soon  as  the  gra-  '■:}.''.'.:• 
dation  of  the  local  colour  becomes  imperceptible.     By   *•-  •:•.*•:'':*•.  •■•V.':-.i"--:l''' 

practice  and  attention  differences  of  sensation  are  expe-    •'•.*..;;'■;..■■•       ':'•*•;." -y^i' 
rienced,  which  ordinarily  are  not  observed,  .so  that  he  '••  :'•'.••;*.•; 

explains  the  diminution  of  the  circles  of  sensation  by 
practice.  The  circle  of  sensation  is  an  area  of  the  skin, 
within  wliich  the  local  colour  of  the  sensation  changes  so 
little  that  two  separate  impressions  fuse  into  one. 

427.  PRESSURE  SENSE.— By  the  sense  of 
pressure"  we  obtain  a  knowledge  of  the  amount  of 
weight  or  pressure  which  is  being  exercised  at  the  time  on  the  different  parts  of 
the  skin. 

A  specific  ewc^-rt;^^/?^^'^^"*'  in  a  ptmctated  manner 

'presmrc  sense  (ng.  618).  These  points  or  spots  are  called 
"pressure-points"  {Blix),  and  are  endowed  with  varying 
at  some  places  (back,  thigh)  they  are  distinguished  by  a  markedly  pronounced  after- 
sensation.  The  arrangement  of  the  pressure-spots  follows  the  type  of  the  arrange- 
ment of  the  temperature-spots.  The  pressure-s^DOts  have  usually  another  direction 
than  that  of  hot  and  cold  spots,  as  a  rule,  they  are  denser.  The  minimal  distance 
at  which  two  pressure-spots,  when  simultaneously  stimulated,  are  felt  as  double,  is 

3  G 


Fic 


Pressure-spots, 
of  the  foot ; 


skin  of  tlie  back. 


h  c 
618. 

middle  of  the  sole 
skin  of  zygoma  ; 


is  connected  ivith  the 
"  pressure-spots  "  or 
degrees  of  sensibility; 
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-on  the  back,  4  to  6  mm. ;  breast  0-8  ;  abdomen   1-5  to  2  ;  cheek  ^  to  0-6  ; 
upper  arm.  0-6  to  0-8  ;  fore-arm,  0-5  ;  back  of  the  hand  0  3  to  0  6  ,  palm, 
o'o    lec,  0-8  to  2  ;  back  of  foot,  0-8  to  1 ;  sole  of  foot,  0-8  to  1  mm 
m;,uX_1.  Place,  on  the  part  ot  the  skin  to  be         if «  f  fcc.n  w^^^^^^ 

and  made  to  touch  the  «kin,  while  by  placing  weights  in  the  scale-pan  or  removing  them,  ^^e 


Fig.  619. 

Landois'  mercurial  balance  for  testing  the  pressure  sense. 

test  what  differences  in  weight  the  person  experimented  on  is  able  to  distinguish  {Dohrn).  3. 
In  order  to  avoid  the  necessity  of  changing  the  weights,  A.  Eulenburg  invented  his  barses- 
thesiometer,  which  is  constructed  on  the  same  principle  as  a  spiral  spring  paper-clip  or  balance. 
Tliere  is  a  small  button  which  rests  on  the  skin  and  is  depressed  by  the  spring.    An  index 
shows  at  once  the  pressure  in  grammes,  and  the  instrument  is  so  arranged  that  the  presssure 
can  be  very  easily  varied.    4.  Goltz  uses  a  pulsating  elastic  tube,  in  which  he  can  produce 
waves  of  different  height.    He  tested  how  high  the  latter  must  be  before  they  are  experienced 
as  pulse-waves,  when  the  tube  is  placed  upon  the  skin.    5.  Landois  uses  a  mercurial  balance 
(fig.  619).    The  beam  of  a  balance  ("W)  moves  upon  two  knife-edges  (0,  0),  and  is  carried  on  the 
horizontal  arm  {b)  of  a  heavy  support  (T).    One  arm  of  the  beam  is  provided  with  a  screw  {in) 
on  whicli  an  equilibrating  weight  (S)  can  be  moved.    The  other  arm  {d)  passes  into  a  vertical 
calibrated  tube  (R).    Below  this  is  the  pressure-pad  (P),  which  can  be  loaded  as  desired  by  a 
weight  (G),  and  which  can  be  placed  upon  the  part  of  the  skin  to  be  tested  (H).    From  an 
adjoining  burette  (B)  held  in  a  clamp  (A),  mercury  can  pass  through  a  tube  in  the  direction  of 
the  arrows,  to  one  part  of  the  balance  and  into  the  tube  (R).    On  the  stop-cock  being 
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closed,  whenever  pressure  is  exerted  on  the  tube  (D,  D),  the  mercury  rises  through  d  into  R, 
and  increases  the  pressure  on  P.  We  measure  the  weight  of  the  mercury  corresponding  to 
each  division  of  the  tube  (R).  This  instrument  enables  rapid  variations  of  the  weight  to  be 
made  without  giving  rise  to  any  shock.  In  estimating  both  the  pressure  sense  and  temperature 
sense,  it  is  best  to  proceed  on  the  principle  of  "  the  least  perceptible  difference,"  i.e.,  the 
different  pressures  or  temperatures  are  graduated,  either  beginning  with  great  differences,  or 
proceeding  from  the  smallest  difference,  and  determining  the  limit  at  which  the  person  can  dis- 
tinguish a  difference  in  the  sensation. 

Results. — 1.  The  smallest  percejytible  pressure,  when  applied  to  different  parts  of 
the  skin,  varies  very  greatly  according  to  the  locality.  The  greatest  acuteness  of 
sensibility  is  on  the  forehead,  temples,  and  the  back  of  the  hand  and  fore-arm, 
which  perceive  a  pressure  of  0-002  grm. ;  the  fingers  first  feel  with  a  weight  of 
0*005  to  0-015  grm.  ;  the  chin,  abdomen,  and  nose  with  0*04  to  0*05  grm.  ; 
the  finger  nail  1  grm.  {Kammler  and  Aubert). 

The  greater  the  sensibility  of  the  skin,  the  more  rapidly  can  stimuli  succeed  each  other,  and 
still  be  perceived  as  single  impressions  ;  52  stimuli  per  second  may  be  applied  to  the  volar  side 
of  the  upper  arm,  61  on  the  back  of  the  hand,  70  to  the  tips  of  the  fingers,  and  still  be  fel* 
singly  [Block). 

2.  Intermittent  variations  of  pressure,  as  in  Goltz's  tube,  are  felt  more  acutely  by 
the  tips  of  the  fingers  than  with  the  forehead. 

3.  Difi'erences  between  two  weights  are  perceived  by  the  tips  of  the  fingers  when 
the  ratio  is  29  :  30  (in  the  fore-arm  as  18-2  :  20),  provided  the  weights  are  not  too 
light  or  too  heavy.  In  passing  from  the  use  of  very  light  to  heavy  weights,  the 
acuteness  or  fineness  of  the  perception  of  difference  increases  at  once,  but  with 
heavier  weights,  the  power  of  distinguishing  differences  rapidly  diminishes  again 
{E.  HeHng,  Biedei-mann).  This  observation  is  at  variance  with  the  psycho-physical 
law  of  Fechner  (§  383). 

4.  A.  Eulenburg  found  the  following  gradations  in  the  fineness  of  the  pressure 
sense  : — The  forehead,  lips,  dorsum  of  the  cheeks,  and  temples  appreciate  differences 
of  -J^  to  (200  :  205  to  300  :  310  grm.).  The  dorsal  surface  of  the  last  phalanx 
of  the  fingers,  the  fore  arm,  hand,  1st  and  2nd  phalanx,  the  volar  surface  of  the 
hand,  fore-arm,  and  upper  arm,  distinguish  differences  of  to  (200  :  220  to 
220  :  210  grm.).  The  anterior  surface  of  the  leg  and  thigh  are  similar  to  the  fore- 
arm. Then  follow  the  dorsum  of  the  foot  and  toes,  the  sole  of  the  foot,  and  the 
posterior  surface  of  the  leg  and  thigh.  Dohrn  determined  the  smallest  additional 
weight,  which,  when  added  to  1  grm.  already  resting  on  the  skin,  was  appreciated 
as  a  difference,  and  he  found  that  for  the  3rd  phalanx  of  the  finger  it  was  0-499 
grm.  ;  back  of  the  foot,  0-5  grm.  ;  2nd  phalanx,  0-771  grm.;  1st  phalanx,  0-02 
grm.;  leg,  1  grm. ;  back  of  the  hand,  1*156  grm.  ;  palm,  TOIS  grm.  ;  patella,  1*5 
grm.;  fore-arm,  1*99  grm.;  umbilicus,  3*5  grms. ;  and  the  back,  3*8  grms. 

5.  Too  long  time  must  not  elapse  between  the  application  of  two  successive 
weights,  but  100  seconds  may  elapse  when  the  difference  between  the  weights  is 
4  :  5  (^.  H.  Weber). 

6.  The  sensation  of  an  after-pressure  is  very  marked,  especially  if  the  weight  i 
considerable  and  has  been  applied  for  a  length  of  time.  But  even  light  weights, 
when  applied,  must  be  separated  by  an  interval  of  at  least  ^-^^  to  ^^g-  second,  in 
order  to  be  perceived.  When  they  are  applied  at  shorter  intervals,  the  sensations 
become  fused.  When  Valentin  pressed  the  tips  of  his  fingers  against  a  wheel 
provided  with  blunt  teeth  he  felt  the  impression  of  a  smooth  margin,  when  the  teeth 
were  applied  to  the  skin  at  the  intervals  above  mentioned ;  when  the  wheel  was 
rotated  more  slowly,  each  tooth  gave  rise  to  a  distinct  impression.  Vibrations  of 
strings  are  distinguished  as  such  when  the  number  of  vibrations  is  1506  to  1552 
per  second  {v.  Wittich  and  Griinhagen). 

7.  It  is  remarkable  that  pressure  produced  by  the  uniform  compression  of  a  part 
of  the  body,  e.g.,  by  dipping  a  finger  or  arm  in  mercury,  is  not  felt  as  such  ;  the 
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sensation  is  felt  only  at  the  limit  of  the  fluid,  on  the  volar  surface  of  the  finger,  at 
the  limit  of  the  surface  of  the  mercury. 

428.  TEMPERATURE  SENSE. — The  temperature  sense  makes  us  aquainted 
with  the  variations  of  the  heat  of  the  skin. 

A  specific  end-aj^paratm  arranged  in  a  punctated  manner  is  connected  with  the 
temperature  sense. 

These  "  temperature-spots  "  are  arranged  in  a  linear  manner  or  in  chains,  which 
are  usually  slightly  curved  (figs.  620,  621).  They  generally  radiate  from  certain 
points  of  the  skin,  usually  the  hair-roots.  The  chain  of  the  "  cold-spots  "  usually 
does  not  coincide  with  those  of  the  "  hot-spots,"  although  the  point  from  which  they 
radiate  may  be  the  same.  Frequently,  these  punctated  lines  are  not  complete,  but 
they  may  be  indicated  by  scattered  points,  between  which,  not  unfrequently,  points 
or  spots  for  other  qualities  of  sensation  may  be  intercalated.  Near  the  hairs  there 
are  almost  always  temperature-spots.  In  parts  of  the  skin,  where  the  temperature 
sensibility  is  slight,  the  temperature-points  are  present  only  near  the  hairs. 

The  sensation  of  cold  occurs  at  once,  while  the  sensation  of  heat  develops 
gradually.    Mechanical  and  electrical  stimulation  also  excite  the  sensation  of 


CP. 


W.F. 


••I 


Is}: 
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Fig.  621. — A,  cold-spots,  B,  hot-spots,  from  the  volar  surface  of  the  terminal  phalanx  of  the 


index-finger  to  the  margins  of  the  nail.  Fig 


622. — C,  cold-spots,  and  D,  warm-s]iots  of  the 
The  arrow  indicates  the  direction  in  which 


radial  half  of  the  dorsal  surface  of  the  wrist, 
the  hair  points. 

temperature.  A  gentle  touch  of  the  temperature-spots  is  not  perceived  ;  these 
points  seem  to  be  ansesthetic  towards  pressui-e  and  pain.  As  a  general  rule,  the 
cold-spots  are  more  abundant  over  the  whole  body — there  are  more  of  them  in  a 
given  area — while  the  hot-spots  may  be  quite  absent.  The  hot-spots  are,  as  a  rule, 
perceived  as  double  at  a  greater  distance  apart  than  the  cold-spots.  The  minimal 
distance  on  the  forehead  is  0*8  mm.  for  the  cold-spots  and  4  to  5  mm.  for  the 
warm-spots  ;  on  the  breast  the  corresponding  numbers  are  2  and  4  to  5  ;  back,  1  -5 
to  2  and  4  to  6 ;  back  of  hand,  2  to  3  and  3  to  4 ;  palm,  O'S  to  2  ;  thigh  and  leg, 
2  to  3  and  3  to  4  mm. 

Method.— To  test  the  hot-  and  cold-spots,  use  a  hot  or  cold  metallic  rod  ;  at  the  cold-spots, 
when  they  are  lightly  touched,  only  the  sensation  of  cold  will  be  felt,  and  a  corresponding  etiect 
with  a  hot  rod  at  the  hot-spots.  I3oth  spots  are  insensible  to  objects  of  the  same  temperature 
as  the  skin. 

According  to  E.  Hering,  what  determines  the  sensation  of  temperature  is  the 
temperature  of  the  thermic  end-apparatus  itself,  i.e.,  its  zero-temperature.  As  often 
as  the  temperature  of  a  cutaneous  area  is  above  its  zero-temperature,  we  feel  it  as 
ivarm;  in  the  opposite  case,  cold.  The  one  or  the  other  sensation  is  more  marked 
the  more  the  one  or  other  temperature  varies  from  the  zero-temperature.  The  zero- 
temperature  can  undergo  changes  within  considerable  limits,  owing  to  external 
conditions. 

Methods.— To  the  surface  of  the  skin  objects  of  the  same  size  and  with  the  same  thermal 
conductivity  are  applied  successively  at  different  temperatures  :— 1.  Nothnagel  uses  small 
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wooden  cups  with  a  metallic  base,  and  filled  with  warm  and  cold  water,  the  temperature  being 
registered  by  a  thermometer  placed  in  the  cups.  [2.  Clinicallj%  two  test-tubes  filled  with 
cold  and  warm  water,  or  two  spoons,  the  one  hot  and  the  other  cold,  may  be  used.] 

Results. — 1.  As  a  general  rule,  the  feeling  of  cold  is  produced  when  a  body 
applied  to  the  skin  robs  it  of  heat ;  and,  conversely,  we  have  a  sensation  of  warmth 
when  heat  is  communicated  to  the  skin. 

2.  The  greater  the  thermal  conductivity  of  the  substance  touching  the  skin,  the 
more  intense  is  the  feeling  of  heat  or  cold  (§  218). 

3.  At  a  temperature  of  15-5°-35°  C,  we  distinguish  distinctly  differences  of 
temperature  of  0-2°-0-16°  K.  with  the  tips  of  the  fingers  {E.  11.  Weber).  Tem- 
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Fig.  622. 

Cold-  and  hot-spots  from  the  same  part  of  the  anterior  surface  of  the  fore-arm.  a,  cold-spots  ; 
b,  hot-spots.  The  dark  parts  are  the  most  sensitive,  the  hatched  the  medium,  the  dotted 
the  feebly,  and  the  vacant  spaces  the  non-sensitive. 

peratures  just  below  that  of  the  blood  (33°-27°  C. — NotJmagel)  are  distinguished 
most  distinctly  by  the  most  sensitive  parts,  even  to  differences  of  0*05°  C.  {Linder- 
viami).  Differences  of  temperature  are  less  easily  made  out  when  dealing  with 
temperatures  of  33°-39°  C,  as  well  as  between  14°-27°  C.  A  temperature  of 
55°  C,  and  also  one  a  few  degrees  above  zero  (2'8°  C),  cause  distinct  pain  in 
addition  to  the  sensation  of  temperature. 

4.  The  sensibility  for  cold  is  generally  greater  than  for  warmtli, — that  of  the  left 
hand  is  greater  than  the  right  {Gohhcheider).  The  diff"erent  parts  of  the  skin  also 
vary  in  the  acuteness  of  their  thermal  sense,  and  in  the  following  order  : — Tip 
of  the  tongue,  eyelids,  cheeks,  lips,  neck,  and  body.  The  perceptible  minimum 
Nothnagel  found  to  be  0*4°  on  the  breast ;  0*9°  on  the  back ;  0'3'',  back  of  the 
hand  ;  0-4°,  palm ;  0-2°,  arm ;  0'4°,  back  of  the  foot ;  0-5°,  thigh ;  0-6°,  leg  ; 
0-4°-0'2°,  cheek  ;  0*4°-0"3°  C,  temple.  The  thermal  sense  is  less  acute  in  the 
middle  line,  e.g.,  the  nose,  than  on  each  side  of  it  {E.  IL  Weber).  Fig.  622  shows 
that  in  one  and  the  same  portion  of  skin,  the  cold-  and  hot-spots  are  differently 
located,  i.e.,  their  different  topography. 

If  the  mucous  membrane  of  the  moutli  be  pencilled  with  a  10  per  cent,  solution  of  cocain,  the 
sensibility  for  heat  is  abolished  ;  the  cooling  sensation  of  mentliol  depends  upon  its  stimu- 
lation of  the  cold  nerves  ;  C0._,  applied  to  the  skin  excites  the  heat  nerves  (Goldscheider). 

5.  Differences  of  temperature  are  most  easily  perceived  when  the  same  part  of  the 
skin  is  affected  successively  by  objects  of  different  temperature.    If,  however,  two 
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different  temperatures  act  simultaneously  and  side  by  side,  the  impressions  are  apt 
to  become  fused,  especially  when  the  two  areas  are  very  near  each  other. 

6.  Practice  improves  the  temperature  sense  ;  congestion  of  venous  blood  in  the 
skin  diminishes  it ;  diminution  of  the  amount  of  blood  in  the  skin  improves  it  {M. 
Alsberr/).  When  lavffe  areas  of  the  skin  are  touched,  the  perception  of  differences 
is  more  acute  than  with  small  areas.  Eapid  variations  of  the  temperature  produce 
more  intense  sensations  than  gradual  changes  of  temperature.    Fatigue  occurs  soon. 

Illusions  are  very  common  :— 1.  The  sensations  of  heat  and  cold  sometimes  alternate  in  a 
paradoxical  manner.  When  the  skin  is  dipped  first  into  water  at  10°  C.  we  feel  cold,  and  if  it 
be  tlien  dipped  at  once  into  water  at  16°  C,  we  have  at  first  a  feeling  of  warmth,  but  soon  again 
of  cold.  2.  The  same  temperature  applied  to  a  large  surface  of  the  skin  is  estimated  to  be 
greater  than  when  it  is  applied  to  a  small  area,  e.g.,  the  whole  hand  when  placed  in  water  at 
29 '5°  C.  feels  warmer  than  when  a  finger  is  dipped  into  water  at  32°  C.  3.  Cold  weights  are 
judged  to  be  heavier  than  warm  ones. 

Pathological. — Tactile  sensibility  is  only  seldom  increased  (hyperpselaphesia),  but  great 
sensibility  to  differences  of  temperature  is  manifested  by  areas  of  the  skin  whose  epidermis  is 
partl}^  removed  or  altered  by  vesicants  or  herpes  zoster,  and  the  same  occurs  in  some  cases  of 
locomotor  ataxia  ;  while  the  sense  of  locality  is  rendered  more  acute  in  the  two  former  cases  and 
in  erysipelas.  An  abnormal  condition  of  the  sense  of  locality  was  described  by  lirown-Sequard, 
where  three  points  were  felt  when  only  two  were  applied,  and  two  when  one  was  applied  to  the 
skin.  Landois  finds  that  in  himself  pricking  the  skin  of  the  sternum  over  the  angle  of 
Ludovicus  is  alwa3'^s  accompanied  by  a  sensation  in  the  knee.  [Some  persons,  when  cold  water 
is  applied  to  the  scalp,  have  a  sensation  referable  to  the  skin  of  the  loins  (Stirling).]  A 
remarkable  variation  of  the  sense  of  locality  occure  in  moderate  poisoning  with  morphia, 
where  the  person  feels  himself  abnormally  large  or  greatly  diminished.  In  degeneration  of  the 
posterior  columns  of  the  cord,  Obersteiner  observed  that  the  patient  was  unable  to  say  whether 
his  right  or  left  side  was  touched  ("  allochiria ").  Ferrier  observed  a  case  where  a  stimulus 
applied  to  the  right  side  was  referred  to  the  left,  and  vice  versd. 

Diminution  and  paralysis  of  the  tactile  sense  (Hypopselaphesia  and  Apselaphesia)  occur 
either  in  conjunction  with  simultaneous  injury  to  the  sensory  nerves,  or  alone.  It  is  rare  to 
find  that  one  of  the  qualities  of  the  tactile  sense  is  lost,  e.g.,  either  the  tactile  sense  or  the 
sense  of  temperature — a  condition  which  has  been  called  ^'partial  tactile  paralysis."  Limbs 
which  are  "slec2nng"  feel  heat  and  not  cold  {Hcrzen). 

429.  COMMON  SENSATION— PAIN.— By  the  term  common  sensation  we 

understand  pleasant  or  unpleasant  sensations  in  those  parts  of  our  bodies  which  are 
endowed  with  sensibility,  and  which  are  not  referable  to  external  objects,  and 
whose  characters  are  difficult  to  describe,  and  cannot  be  compared  with  other 
sensations.  Each  sensation  is,  as  it  were,  a  peculiar  one.  To  this  belong  pain, 
hunger,  thirst,  malaise,  fatigue,  horror,  vertigo,  tickling,  well-being,  illness,  the 
respiratory  feeling  of  free  or  impeded  breathing. 

Pain  may  occur  wherever  sensory  nerves  are  distributed,  and  it  is  invariably 
caused  by  a  stronger  stimulus  than  normal  being  applied  to  sensory  nerves.  Every 
kind  of  stimulation,  mechanical,  thermal,  chemical,  electrical,  as  well  as  somatic 
(inflammation  or  disturbances  of  nutrition),  may  excite  pain.  The  last  appears  to 
be  especially  active,  as  many  tissues  become  extremely  painful  during  inflammation 
{e.g.,  muscles  and  bones),  while  they  are  comparatively  insensible  to  cutting.  Pain 
may  be  produced  by  stimulating  a  sensory  nerve  in  any  part  of  its  course,  from  its 
centre  to  the  periphery,  but  the  sensation  is  invariably  referred  to  the  peripheral 
end  of  the  nerve.  This  is  the  law  of  the  peripheral  reference  of  sensations. 
Hence,  stimulation  of  a  nerve,  as  in  the  scar  of  an  amputated  limb,  may  give  rise 
to  a  sensation  of  pain  which  is  referred  to  the  parts  already  removed.  Too  violent 
stimulation  of  a  sensory  nerve  in  its  course  may  render  it  incapable  of  conductino- 
inipressions,  so  that  peripheral  impressions  are  no  longer  perceived.  If  a  sufficient 
stimulus  to  produce  pain  be  then  applied  to  the  central  part  of  the  nerve,  such  an 
impression  is  still  referred  to  the  peripheral  end  of  the  nerve.  Thus  we  explain  the 
paradoxical  anaesthesia  dolorosa.  In  connection  with  painful  impressions  the 
patient  is  often  unable  to  localise  them  exactly.  This  is  most  easily  done  when  a 
small  injury  (prick  of  a  needle)  is  made  on  a  peripheral  part.    When,  however  the 
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stimulation  occurs  in  the  course  of  the  nerve,  or  in  the  centre,  or  in  nerves  whose 
peripheral  ends  are  not  accessible,  as  in  the  intestines,  pain  (as  belly-ache),  which 
cannot  easily  be  localised,  is  the  result. 

Irradiation. — During  violent  pain  there  is  not  unfrequently  irradiation  of  the 
pain  (§  364,  5),  whereby  localisation  is  impossible.  It  is  rare  for  pain  to  remain 
continuous  and  uniform;  more  generally  there  are  exacerbations  and  diminutions 
of  the  intensity,  and  sometimes  2m'iodic  intensification,  as  in  some  neuralgias. 

The  intensity  of  the  pain  depends  especially  upon  the  excitability  of  the  sensory 
nerves.  There  are  considerable  individual  variations  in  this  respect,  some  nerves, 
e.g.,  the  trigeminus  and  splanchnic,  being  very  sensitive.  The  larger  the  number 
of  fibres  affected  the  more  severe  the  pain.  The  duration  is  also  of  importance,  in 
as  far  as  the  same  stimulation,  when  long  continued,  may  become  unbearable.  We 
speak  of  piercing,  cutting,  boring,  burning,  throbbing,  pressing,  gnawing,  dull,  and 
other  kinds  of  pain,  but  we  are  quite  unacquainted  with  the  conditions  on  which 
such  different  sensations  depend.  Painful  impressions  are  abolished  hy  anaesthetics 
and  narcotics,  such  as  ether,  chloroform,  morphia,  &c.  (§  364,  5). 

Methods  of  Testing. — To  test  the  cutaneous  sensibility,  we  usually  employ  the  constant  or 
induced  electrical  current.  Determine  first  the  minmmm  sensibility,  i.e.,  the  strength  of  the 
current  which  excites  the  first  trace  of  sensation,  and  also  the  mmimum  of  jyain,  i.e.,  the 
feeblest  strength  of  the  current  which  first  causes  distinct  impressions  of  pain.  The  electrodes 
consist  of  thin  metallic  needles,  and  are  placed  1  to  2  cm.  apart. 

Pathological. — When  the  excitability  of  the  nerves  which  administer  to  painful  sensations  is 
increased,  a  slight  touch  of  the  skin,  nay,  even  a  breath  of  cold  air,  may  excite  the  most  violent 
pain,  constituting  cutaneous  hyperalgia,  especially  in  inflammatory  or  exanthematic  conditions 
of  the  skin.  The  term  cutaneous  paralgia  is  applied  to  certain  anomalous,  disagreeable,  or 
j)ainful  sensations  which  are  frequently  referred  to  the  skin — itching,  creeping,  formication, 
cold,  and  burning.  In  cerebro-spinal  meningitis,  sometimes  a  prick  in  the  sole  of  the  foot 
produces  a  double  sensation  of  pain  and  a  double  reflex  contraction.  Perhaps  this  condition 
may  be  explained  by  supposing  that  in  a  part  of  the  nerve  the  condition  is  delayed  (§  337,  2). 
In  neuralgia  there  is  severe  pain,  occurring  in  paroxysms,  with  violent  exacerbations  and  pain 
shooting  into  other  parts  (p.  598).  Yery  frequently  excessive  jDain  is  produced  by  pressure  on 
the  nerve  where  it  makes  its  exit  from  a  foramen  or  traverses  a  fascia. 

VaUeix's  Points  Douloureux  (1841). — The  skin  itself  to  which  the  sensory  nerve  runs, 
especially  at  first,  may  be  very  sensitive  ;  anfl  when  the  neuralgia  is  of  long  duration  the 
sensibility  may  be  diminished  even  to  the  condition  of  analgesia  {TUrck);  in  the  latter  case  there 
niivv'  be  pronounced  antesthesia  dolorosa  (p.  838). 

Diminution  or  paralysis  of  the  sense  of  pain  (hypalgia  and  analgia)  may  be  due  to  aff"ections 
of  the  ends  of  the  nerves,  or  of  their  course,  or  central  terminations. 

Metalloscopy. — In  hysterical  jjatients  suH'ering  from  hemianesthesia,  it  is  found  that  the 
feeling  of  the  paralysed  side  is  restored,  when  small  metallic  plates  or  larger  pieces  of  dilferent 
metals  are  applied  to  the  aff"ected  parts  {Burcq,  Charcot).  At  the  same  time  that  the  aH"ectcd 
part  recovers  its  sensibility  the  opposite  limb  or  side  becomes  anicsthetic.  This  condition  has 
been  sjjoken  of  as  transference  of  sensibility.  The  phenomenon  is  not  due  to  galvanic  currents 
developed  by  the  metals  ;  but  it  may  be,  perhaps,  explained  by  the  fact  that,  under  physio- 
logical conditions,  and  in  a  healthy  jierson,  every  increase  of  the  sensibility  on  one  side  of 
the  body,  produced  by  the  application  of  warm  metallic  plates  or  bandages,  is  followed  by  a 
diminution  of  the  sensibility  of  the  opposite  side.  Conversely,  it  is  found  that  when  one  side 
of  the  body  is  rendered  less  sensitive  by  the  application  of  cold  plates,  the  homologous  part  of 
the  other  side  becomes  more  sensitive  {Eumpf). 

430.  MTrSCULAE,  SENSE.— Muscular  Sensibility.— The  sensory  nerves  of 
the  muscles  (§  292)  always  convey  to  us  impressions  as  to  the  activity  or  non- 
activity  of  these  organs,  and  in  the  former  case,  these  impressions  enable  us  to 
judge  of  the  degree  of  contraction.  It  also  informs  us  of  the  amount  of  the  con- 
traction to  be  employed  to  overcome  resistance.  Obviously,  the  muscular  sense 
must  be  largely  supported  and  aided  by  the  sense  of  pressure,  and  conversely, 
E,  H,  Weber  showed,  however,  that  the  muscle  sense  is  finer  than  the  pressure 
sense,  as  by  it  we  can  distinguish  weights  in  the  ratio  of  39  :  40,  while  the 
pressure  sense  only  enables  us  to  distinguish  those  in  the  ratio  of  29  :  30,  In 
some  cases  there  has  been  observed  total  cutaneous  insensibility,  while  the 
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muscular  sense  was  retained  completely.  A  frog  deprived  of  its  skin  can  spring- 
without  any  apparent  disturbance.  The  muscular  sense  is  also  greatly  aided  by 
the  sensibility  of  the  joints,  bones,  and  fascial.  Many  muscles,  e.g.,  those  of  respira- 
tion, have  only  slight  muscular  sensibility,  while  it  seems  to  be  absent  normally  in 
the  heart  and  non-striped  muscle. 

[The  muscular  sense  stands  midway  between  special  and  common  sensations,  and 
by  it  we  obtain  a  knowledge  of  the  condition  of  our  muscles,  and  to  what  extent 
they  are  contracted ;  also  the  position  of  the  various  parts  of  our  bodies  and  the 
resistance  offered  by  external  objects.  Thus,  sensations  accompanying  muscular 
movement  are  two-fold — {a)  the  movements  in  the  unopposed  muscles,  as  the 
movements  of  the  limbs  in  space ;  and  (b)  those  of  resistance  where  there  is 
opposition  to  the  movement,  as  in  lifting  a  weight.  In  the  latter  case  the  sensa- 
tions due  to  innervation  are  imjjortant,  and  of  course  in  such  cases  we  have  also  to 
take  into  account  the  sensations  obtained  from  mere  pressure  upon  the  skin.  Our 
sensations  derived  from  muscular  movements  depend  on  the  direction  and  duration 
of  the  movements.  On  the  sensations  thus  conveyed  to  the  sensorium,  we  form 
judgments  as  to  the  direction  of  a  point  in  space,  as  well  as  of  the  distance  between 
two  points  in  space.  This  is  very  marked  in  the  case  of  the  ocular  muscles.  It  is 
also  evident  that  the  muscular  sense  is  intimately  related  to,  and  often  combined 
with,  the  exercise  of  the  sensation  of  touch  and  sight  (SidlT/).] 

Methods  of  Testing. — Weights  are  wrapped  in  a  towel  and  suspended  to  the  part  to  be 
tested.  The  patient  estimates  the  weiglit  by  raising  and  lowering  it.  The  electro-muscular 
sensibility  also  ma}'  be  proved  thus :  cause  the  muscles  to  contract  by  means  of  induction  shocks, 
and  observe  the  sensation  thereby  produced.  [Direct  the  patient  to  place  his  feet  together 
while  standing,  and  then  close  liis  eyes.  A  healthy  person  can  stand  quite  steady,  but  in  one 
with  the  muscular  sense  impaired,  as  in  locomotor  ataxia,  the  patient  may  move  to  and  fro,  or 
even  fall  (p.  647).  Again,  a  person  with  liis  muscular  sense  impaired  may  not  be  able  to  touch 
accurately  and  at  once  some  part  of  his  body,  when  his  ej'es  are  closed.] 

A  healthy  person  perceives  a  weight  of  1  gramme  applied  to  his  upper  arm  ;  when  a  weight  of 
15  grms.  is  applied,  he  perceives  an  addition  of  1  grm.  If  the  original  weight  be  50  grms.,  he 
will  detect  the  addition  of  2  grms.;  if  the  original  weight  be  100  grms.,  he  will  detect  3  o-rnis 
The  weight  detectable  by  the  individual  finger  varies.  With  the  leg,  when  the  weiglit  is 
applied  at  the  knee,  the  individual  may  detect  30  to  40  grms.;  but  .sometimes  only  a  ^-eater 
weight.    Often  one  can  detect  a  difference  of  10  to  20,  or  30  to  70  grms. 

Section  of  a  sensory  nerve  causes  disturbance  of  the  fine  graduation  of  move- 
ment (p.  619).  Meynert  supposes  that  the  cerebral  centre  for  muscular  sensibility 
lies  in  the  motor  cortical  centres,  the  muscles  being  connected  by  motor  and 
sensory  paths  with  the  ganglionic  cells  in  these  centres. 

Too  severe  muscular  exercise  causes  the  sensation  of  fatigue,  oppression,  and 
weight  in  the  limbs  (§  304). 

Pathological.— Abnormal  increase  of  the  muscular  sense  is  rare  {muscular  hyiKralgia  and 
hypcrccsthcsia),  as  in  anxietas  tibiarum,  a  painful  condition  of  unrest  which  leads  to  a  continual 
change  in  the  position  of  the  limbs.  In  cramp  there  is  intense  pain,  due  to  stimulation  of  the 
sensory  nerves  of  the  muscle,  and  the  same  is  the  case  in  inflammation.  Diminution  of  the 
muscular  sensibility  occurs  in  some  choreic  and  ataxic  persons  (§  364,  5).  In  locomotor  ataxia 
the  muscular  sense  of  the  upper  extremities  may  be  normal  or  weakened,  while  it  is  usually  con- 
siderably diminished  in  the  legs.  [The  muscular  sense  is  said  to  be  increased  in  the  hvpnotic 
condition,  and  in  somnambulists.] 
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431.  FORMS  OF  REPRODUCTION.— I.  Abiogenesis  (Generatio  aeqnivoca,  sive  spontanea, 
spontaneous  generation). — It  was  formerly  assumed  that,  under  certain  circumstances,  non- 
living matter  derived  from  the  decomposition  of  organic  materials  became  changed  spontaneously 
into  living  beings.  "While  Aristotle  ascribed  this  mode  of  origin  to  insects,  the  recent  observers 
who  advocate  this  form  of  generation  restrict  its  action  solely  to  the  lowest  organisms.  Experi- 
mental evidence  is  distinctly  against  spontaneous  generation.  If  organised  matter  be  heated  to 
a  very  high  temperature  in  sealed  tubes,  and  be  thus  deprived  of  all  living  organisms  or  their 
spores,  there  is  no  generation  of  any  organism.  Hence,  the  dictum  "  Omne  vivum  ex  ovo  " 
{Harvey,  or,  ex  vivo).  Some  highly  organised  invertebrate  animals  (Gordius,  Anguillula,  Tardi- 
grada,  and  Rotatoria)  maybe  di-ied,  and  even  heated  to  140°  C. ,  and  yet  regain  their  vital 
activities  on  being  moistened  (Anabiosis). 

II.  Division  or  fission  occurs  in  many  protozoa  (amoeba,  infusoria).  The  organism,  just  as  is 
the  case  with  cells,  divides,  the  nucleus  when  present  taking  an  active  part  in  the  process,  so 
that  two  nitclei  and  two  masses  of  protoplasm 
forming  two  organisms  are  produced.  The 
Ophidiasters  amongst  the  echinoderms  divide 
spontaneously,  and  they  are  said  to  throw  off 
an  arm  which  may  develop  into  a  complete 
animal.  According  to  Trembley  (1744),  the 
hydra  may  be  divided  into  pieces,  and  each 
piece  gives  rise  to  a  new  individual  [although 
under  normal  circumstances  the  hydra  gives  off 
buds,  and  is  provided  with  generative  organs]. 
[Division  of  Cells.— Although  a  cell  is  de- 
mass  of  living  proto- 
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nucleated 


Fig. 


Fig.  624. 

623.  Changes  in  a  cell  nucleus  during  karyokinesis.    Fig.  624. — Typical  nucleated  cell  of 

the  intestinal  epithelium  of  a  flesh -maggot,  vie,  membrane  of  cell  ;  mn,  membrane  of 
nucleus  ;  pc,  cellular  protoplasm,  with  the  radiating  rdicicbcm,  and  the  cnchylema  enclosed 
in  its  meshes  ;  im,  plasma  of  nucleus  ;  hn,  nuclear  iilament  showing  numerous  twists. 

plasm,"  recent  researches  have  shown  that,  from  a  histological  as  well  as  from  a  chemical  point  of 
view,  a  cell  is  really  a  very  complex  structure.  The  apparently  homogeneous  cell-substance  is 
traversed  by  a  fine  plexus  of  fibrils,  with  a  homogeneous  substance  in  its  meshes,  while  a 
similar  network  of  fibrils  exists  within  the  nucleus  itself  (fig.  623).] 

[The  nucleus  of  a  typical  cell  is  a  spherical  vesicle,  consisting  of  a  membrane  containing  what 
is  called  "  achroniatin, "  because  it  is  not  readily  stained  by  staining  reagents.  Flemming  has 
also  called  it  mcclear  fltdd,  or  intermediate  substance.    The  achroniatin  substance  is  permeated 
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bv  a  delicate  reticiilar  network,  or  plexus  of  fibrils,  which  has  been  called  "  chromatin  " 
"nucleoplasm  "  "  karyoplasma, "  and  "karyomiton."  The  network  stains  readily  with  pigments, 
hence  the  name  "chromatin"  given  to  it  by  Flemming.  The  nodal  points  of  the  network 
f'ive  a  dotted  or  granular  aj^pearance  to  the  nucleus,  especially  when  it  is  examined  with  a  low 
power  The  nuclear  membrane  also  consists  of  chromatin  (fig.  624).  In  the  meshes  of  the  net- 
work lie  nucleoli,  which  seem  to  difier  in  constitution,  and  perhaps  in  function.^  According  to 
Flemmin"  there  are  i»rincipal  and  accessory  nucleoli  in  some  nuclei.  In  Carney's  nomenclature 
the  several  parts  are  spoken  of  as  a  fine  reticuhnn  of  fibrils,  enclosing  in  its  meshes  a  fluid— the 
cnchijlcma— which,  contains  various  particles  in  suspension.] 

[Direct  Cell-Division.— A  cell  may  divide  directly,  as  it  were,  by  simple  cleavage,  and  in 
the  process  the  nucleus  usually  divides  before  the  cell  j.rotoplasm.  The  nucleus  becomes  con- 
stricted in  the  centre,  has  an  hour-glass  shape,  and  soon  divides  into  two.] 


Fig.  625. 

Mitosis.    A,  nuclear  reticulum,  resting  state  ;  B,  preparing  for  division  ;  C,  wreath  stage  ;  D. 

monaster  stage  ;  E,  barrel  stage  ;  F,  diaster  stage  ;  G,  daughter  wreath  stage;  H,  daughter 

cells,  passing  to  resting  stage. 
[Indirect  Cell-Division. — Recent  observations,  confirmed  by  a  great  number  of  investi- 
gators, conclusively  prove  that  the  process  of  division  in  cells  is  a  very  complicated  one,  the 
changes  in  the  nucleus  being  very  remarkable.  The  terms  karyokinesis,  mitosis,  or  indirect 
division  liave  lieen  applied  to  this"  process.  Figs.  623,  625  show  the  changes  that  take  pkce  in 
the  nucleus.  The  chromatin  or  intranuclear  network  {a,  B)  passes  into  a  convolution  of 
fibrils,  while  the  nuclear  envelope  becomes  less  distinct,  the  fibrils  at  the  same  time  becoming 
thicker  and  forming  loops,  which  gi-adually  arrange  themselves  around  a  centre  (c  and  d)  in  the 
form  of  a  wreath,  rosette,  or  spirem  (C).  The  fibres  curve  round  both  at  the  periphery  and  the 
centre  and  form  loops  ;  but  when  their  peripheral  connections  are  severed  or  dissolved,  we 
obtain  a  star-shaped  form  or  aster  (D),  composed  of  single  loops  radiating  from  the  centre  (c). 
The  loops  divide  in  the  direction  of  their  length  ;  their  number  is  doubled,  Imt  they  are 
thinner.  By  this  further  subdivision,  the  whole  is  composed  of  fine  radiating  fibrils  (/),  which 
gradually  arrange  themselves  around  two  poles,  or  new  centres,  to  form  the  barrel-form  or 
pithode  (E)  ;  the  two  groups  of  loops  then  separate  still  further,  and  arrange  themselves  so  as 
to  form  a  diaster,  or  double  star  (</),  the  two  groups  being  separated  by  a  substance  called  the 
equatorial  plate.  Each  of  the  groups  of  fibrils  becomes  more  elongated,  and  forms  a  nuclear 
spindle,  which  indicates  the  position  of  a  new  nucleus.  The  protoplasm  sei>arates  into  two 
parts.  In  each  of  these  parts  the  chromatin  rearranges  itself  into  an  irregular  coil,  and  the  whole 
is  called  dispirem  (G),  and  when  division  is  complete,  the  chromatin  filaments  assume  the  form 
seen  in  a  resting  nucleus.  This  whole  complex  process  may  be  accomplished  in  1  to  4  hours. 
The  separate  gi-oups  of  fibrils  again  become  convoluted,  each  group  gets  a  nuclear  membrane, 
while  the  cell  protoplasm  divides,  and  two  daughter  nuclei  are  obtained  from  the  original  cell.] 

The  following  scheme  represents  some  of  the  more  important  changes:  — 


Mother  nucletis. 

1.  Network. 

2.  Convolution. 

3.  AV^reath  or  Spirem. 

4.  Aster. 


DaugMer  niKlei. 
8.  Network. 
7.  Convolution. 
6.  Dispirem. 
5.  Diaster. 


Equatorial  grouping  of  chromatin. 

in.  Budding  or  gemmation  occurs  in  a  well-mnrked  form  among  the  polyps  and  in  some 
infusorians  (Yorticella).  A  bud  is  given  ott'  by  the  parent,  and  gradually  comes  more  and  more 
to  resemble  the  latter.  The  bud  either  remains  permanently  attached  to  the  parent,  so  that  a 
complex  organism  is  produced,  in  which  the  digestive  organs  communicate  with  each  other 
directly,  or  in  some  cases  there  may  be  a  "  colony"  with  a  common  nervous  system,  such  as  the 
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polyzoa.  In  some  composite  animals  (siphonophora)  the  different  polyps  perform  different 
lunctions.  Some  have  a  digestive,  others  a  motor,  and  a  third  a  generative  function,  so  that 
there  is  a  physiological  division  of  labour.  Buds  which  are  given  off  from  the  parent  are  formed 
internally  in  the  rhizopoda.  In  some  animals  (polyps,  infusoria),  which  can  reproduce  them- 
selves by  buds  or  division,  there  is  also  the  formation  of  male  and  female  elements  of  generation, 
so  that  they  have  a  sexual  and  a  non-sexual  mode  of  reproduction. 

IV.  Conjugation  is  a  form  of  reproduction  which  leads  up  to  the  sexual  form.  It  occurs  in 
the  unicellular  Gregarina;.  The  anterior  end  of  one  such  organism  unites  with  the  posterior 
end  of  another  ;  both  become  encysted,  and  form  one  passive  spherical  body.  The  conjoined 
structures  form  an  amorphous  mass,  from  which  numerous  globular  bodies  are  formed,  and  in 
each  of  which  numerous  oblong  structures — the  pseudo-navicelli — are  developed.  These  bodies 
become,  or  give  rise  to  an  amoeboid  structure,  which  forms  a  nucleus  and  an  envelope,  and 
becomes  transformed  into  a  gregarina. 

Sexual  reproduction  requires  the  formation  of  the  embryo  from  the  conjunction  of  the  male 
and  female  reproductive  elements,  the  Bi)erm-cell  and  the  germ-cell.  These  products  may  be 
formed  either  in  one  individual  (hermaphroditism,  as  in  the  flat  worms  and  gasteropods),  or  in 
tv)o  separate  organisms  (male  or  female).  Sexual  reproduction  embraces  the  following 
varieties : — 

V.  Metamorphosis  is  that  fonn  of  sexual  reproduction  in  which  the  embryo  from 
period  undergoes  a  series  of  marked  changes  of  external  form,  e.g.,  the  chrysalis  stage 
pupa  stage,  and  in  none  of  these  stages  is  reproduction  possible 
developed  form  (the  imago  stage  in  butterflies)  is  pro- 
duced, which  forms  the  sexual  products  whose  union 
gives  rise  to  organisms  which  repeat  the  same  cycle 
of    changes.      Metamorphosis    occurs  extensively 
amongst  the  insects  ;  some  of  them  have  several 
stages  (holo-metabolic),  and  others  have  few  stages 
(hemi-metabolic).    It  also  occurs  in  some  arthropoda, 
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Lastly,  the  final  sexually 


and  worms,  e.g.,  trichina 


Fig.  626. 

A  ripe  egg  taken  from  the 
uterus  of  Taenia  solium. 

a,  Albuminous  envelope; 

b,  remains  of  the  yelk  ; 

c,  covering  of  the  embryo; 

d,  embryo  with  em- 
bryonal booklets. 


the  sexual  form  of  the 
animal  occurs  in  the  in- 
testine, the  numerous 
larvce  wander  into  the 
muscles,  where  they  be- 
come encysted,  and  form 
undeveloped  sexual  or- 
gans, constituting  the 
pupa  stage  of  the  muscu- 
lar trichina.  AVhen  the 
encysted  form  is  eaten  by 
anotheranimal,  the  sexual 
organs  come  into  activity, 
a  new  brood  is  formed, 
and  the  cycle  is  re- 
peated. Metamorphosis 
also  occurs  in  the  frog 
and  in  petromyzon. 
[This  is  really  a  condition 
in  which  the  embiyo  un- 
dergoes marked  changes 
of  form  before  it  becomes 


Fig.  627. 

Encapsuled  cysticcrcus  from  Trenia 
solium  embedded  in  a  human 
sartorius.    Natural  size. 


sexually  mature.] 

VI.  Alternation  of  Generations  (Steeiistrup).  —In  this  variety  some  of  the  members  of  the 
cycle  can  produce  new  beings  non-sexually,  while  in  the  final  stage  reproduction  is  always  sexual. 
From  a  medical  point  of  view,  the  life-history  of  the  tape-worm  or  Tsenia  is  most  important. 
The  segments  of  the  tape-worm  are  called  proglottides  (fig.  631),  and  each  segment  is  herma- 
phrodite, with  testes,  vas  deferens,  penis,  ovary,  &c.,  and  numerous  ova.  The  segments  are 
evacuated  with  the  ffeces.  The  eggs  are  fertilised  after  they  are  shed  (fig.  626),  and  from  them 
is  developed  an  elliptical  embryo,  provided  with  six  booklets,  which  is  swallowed  by  another 
animal  the  host.  These  embryos  bore  their  way  into  the  tissues  of  the  host,  where  they 
undergo  development,  foming  the  encysted  stage  (Cysticercus  (fig.  627),  Coenurus,  or  Echmo- 
coccus  (fig.  630).  The  encysted  capsule  may  contain  one  (cysticercus)  or  many  (coenurus) 
sessile  heads  of  the  ta;nia.  In  order  to  undergo  further  development,  the  cysticercus  must  be 
eaten  alive  by  another  animal,  Avhen  the  head  or  scolex  fixes  itself  by  the  booklets  and  suckers 
to  the  intestine  of  its  new  host  (fig.  629),  where  it  begins  to  bud  and  produce  a  series  of  new- 
segments  between  the  head  and  the  last-formed  segment,  and  thus  the  cycle  is  repeated. 

The  most  important  flat-worms  are  :— Taenia  solium,  in  man  ;  the  Cysticercus  ccllulos^  (fig. 
628)  in  the  pig,  when  it  constitutes  the  measle  in  pork  ;  Taenia  mediocanellata  (fig.  631),  the 
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encj'sted  sta^e,  in  the  ox  ;  Tsenia  coenunis,  in  the  dog's  intestine  ;  the  encysted  stage,  or 
Coenurus  cerebralis,  in  the  brain  of  the  sheep,  where  it  gives  rise  to  the  condition  of 
"staggers  ";  Tsenia  echinococcus,  in  the  dog's  intestine  ;  the  embryos  or  scolices  occur  in  the 
liver  of  man  as  "  hydatids. "  •  4.1, 

The  niodusie  also  exhibit  alternation  of  generations,  and  so  do  some  insects,  especially  tne 
plant  lice  or  aphides. 

VII.  Parthenogenesis  {Owen,  v.  Siebold).— In  this  variety,  in  addition  to  sexual  reproduction, 
new  individuals  may  be  produced  without  sexual  union.  The  non-sexually  produced  brood  is 
always  of  one  sex,  as  in  the  bees.  A  bee- 
hive contains  a  queen,  the  workers,  and  the 
drones  or  males.  During  the  nuptial  flight, 
the  queen  is  inii)rfgnated  by  the  males,  and 
the  seminal  fluid  is  stored  up  in  the  re- 
ceptaculum  seminis  of  the  queen,  and  it 


Fig.  628.  Fig.  629.  Fig.  630. 

Fig.  628. — Cysticerci  from  Tajnia  solium  removed  from  their  capsule.  1,  natural  size  ;  2, 
magnified.  a,  embryo-sac  ;  b,  cavity  produced  by  budding  of  the  embryo-sac  ;  c, 
suctorial  discs  and  booklets.  Fig.  629. — Cysticercus  of  Tfeuia  solium,  with  its  head  and 
segments  protruded,  a,  caudal-sac  ;  b,  head  of  the  tape-worm,  with  discs  and  booklets 
(scolex)  ;  c,  neck.  Fig.  630. — Part  of  an  Echinococcus  cajwule,  with  developing  buds. 
a,  sheath  ;  b,  parenchymatous  layer  ;  c,  gernunating  capsule  filled  with  scolices. 

appears  that  the  (|ueen  may  voluntarily  permit  the  contact  of  this  fluid  with  the  ova  or  with- 
hold it.    All  fertilised  eggs  give  rise  to  female,  and  all  unfertilised  ones  to  male  bees. 

VIII.  Sexual  reproduction  without  any  intermediate  stages  occurs  in,  besides  man,  mammals, 
birds,  reptiles,  and  most  lishes. 

432.  TESTIS— SEMINAL  FLUID.— [Testis.— In  the  testis  or  male  reproductive  organ, 
the  seminal  fluid  which  contains  the  male  element  or  spermatozoa  is  formed.  The  framework 
of  the  gland  consists  of  a  thick  strong  white  fibrous  covering,  the  tunica  albiiginea,  composed 
chiefly  of  white  interlacing  fibrous  tissue.    Externally,  this  layer  is  covered  by  the  visceral 


Fig.  631. — Tsenia  mediocanellata.    Natural  size. 

layer  of  the  serous  membrane,  or  the  tunica  vaginalis,  which  invests  the  testis  and  epididymis. 
The  tunica  albuginea  is  prolonged  for  some  distance  as  a  vertical  septum  into  the  posterior- 
part  of  the  testis,  to  form  the  mediastinum  testis  or  corpus  Highmori.    Septa  or  trabeculaj  

more  or  less  complete— stretch  from  the  under  surface  of  the  T.  albuginea  towards  the  medias- 
tinum, so  that  the  organ  is  subdivided  thereby  into  a  number  of  compartments  or  lobules, 
with  their  bases  directed  outwards  and  their  apices  towards  the  mediastinum.  From  these' 
finer  sustentacular  fibres  pass  into  the  compartments  to  support  the  structures  lyino-  in  these 
compartments.  ]  ° 
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[Arrangement  of  Tubules. — Each  compartment  contains  several  seminal  tubules,  long 
convoluted  tubules  {^^-^  in.  iu  diam.)  which  rarely  branch  except  at  their  outer  end;  they  are 
about  2  feet  in  length  and  exceed  800  in  number.  These  tubules  run  towards  the  mediastinum, 
those  in  one  compartment  uniting  at  an  acute  angle  with  each  other,  to  form  a  smaller  number 
ot  narrower  straight  tubules— tubuli  recti  (fig.  632).  These  straight  tubules  open  into  a  net- 
work of  tubules  in  the  mediastinum  to  form  the  rete  testis,  a  ^dense  network  of  tubules  of 
irregular  diameter  (fig.  632).  From  this  network  there  proceed  12  to  15  wider  ducts,— the 
vasa  efferentia— which  after  emerging  from  the  testis  are  at  first  straight,  but  soon  become 
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convoluted — and  form  a  series  of  coni 
cal  eminences — the  coni  vasculosi — 
which  together  form  the  head  of  the 
epididymis.  These  tubes  gradually 
unite  with  each  other  and  form  the 
body  and  globus  minor  of  the  epi- 
didymis, which,  when  unravelled,  is 
a  tube  about  20  feet  long  terminat- 
ing in  the  vas  deferens  (2  feet  long), 
which  is  the  excretory  duct  of  the 
testis.  ] 

[Structure  of  a  Tubule.  —  The 
seminal  tubules  consist  of  a  thick 
well-marked  basement  membrane, 
composed  of  flattened  nucleated  cells 
arranged  like  membranes  (fig.  637). 
These  tubes  are  lined  by  several 
layers  of  more  or  less  cubical  cells  ; 
there  is  an  outer  row  of  such  cells 
next  the  basement  membrane,  and 
often  showing  a  dividing  large 
nucleus.  Internal  to  these  are 
several  layers  of  inner  large  clear 
cells,  with  nuclei  often  dividing,  so 
that  they  form  many  daughter  cells 
w'hich  lie  internal  to  them  and  next 
the  lumen.  From  these  daughter 
cells  are  formed  the  spermatozoa, 
and  they  constitute  the  sperma- 
toblasts. These  several  layers  of 
cells  leave  a  distinct  lumen.  The 
tubuli  recti  are  narrow  in  diameter, 
and  lined  by  a  single  layer  of 
squamous  or  flattened  epithelium 
(fig.  633).  The  rete  testis  consists 
merely  of  channels  in  the  fibrous 
stroma  without  a  distinct  membrana 
propria,  but  lined  by  flattened  epi- 
thelium. The  vasa  efferentia  and 
coni  vasculosi  have  circular  smooth 
muscular  fibres  in  their  walls,  and 
are  lined  by  a  layer  of  columnar 
ciliated  epithelium  with  striated  pro- 
toplasm. At  the  bases  of  these  cells 
in  some  parts  is  a  layer  of  smaller 
granular  cells.  These  tubules  form 
the  epididymis,  whose  tubules  have 
the  same  structure  (fig.  634).  In  the 
sheep,  pigment  cells  are  often  found 
in  the  basement  membrane.  The  yas 
deferens  is  lined  by  several  layers  of  columnar  epithelium  resting  on  a  dense  layer  of  fibrous 
tissue — the  mucosa.  Outside  this  is  tlie  muscular  coat,  a  thick  layer  of  non-striped  muscle 
composed  of  a  thick  inner  circular,  and  thick  outer  loncjitiulinal  layer,  a  thin  submucous  coat 
connecting  the  muscular  and  mucous  coats  together  ;  outside  all  is  the  fibrous  adventitia.] 

[The  interstitial  tissue  (fig.  632),  supporting  the  seminal  tubules,  is  laminated  and  covered 
by  endothelial  plates,  with  slits  or  spaces  between  the  lamelke,  which  form  the  origin  of  the 
lymphatics.  These  lymph-spaces  are  easily  injected  by  the  puncture  method.  In  fact,  if 
Berlin  blue  be  forced  into  the  testis,  the  lymphatics  of  the  testis  and  spermatic  cord  are  readily 
filled  with  the  injection.    In  some  animals  (boar),  and  to  a  less  extent  in  man,  dog,  there  are 
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Fig.  632. 

Transverse  section  of  the  testis  (low 
power  view). 
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also  fairly  largo  polyhedral  interstitial  cells,  often  with  a  large  nucleus  and  sometimes 
pigmented.  T^iey  represent  the  residue  of  the  epithelial  cells  of  the  Wolffian  bodies  {Klein), 
or,  according  to  Waldeyer,  they  are  plasma  cells.  The  blood-vessels  are  numerous,  and  form 
a  dense  plexus  outside  the  basement  membrane  of  the  seminal  tubules.] 


Fig.  633.  Fig.  634. 

Fig.  633. — Convoluted  seminal  tubule  opening  into  a  narrow  straight  tubule.    Fig.  634. — 
Transverse  section  of  the  tubules  of  the  epididymis. 

Chemical  Composition. — The  seminal  fluid,  as  discharged  from  the  urethra,  is 
mixed  with  the  secretion  of  the  glands  of  the  vas  deferens,  Cowper's  glands,  and 
those  of  the  prostate,  and  with  the  fluid  of  the  vesiculse  seminales.  Its  reaction 
is  neutral  or  alkaline,  and  it  contains  82  per  cent,  of  water,  serum-albumin,  alkali- 
albuminate,  nuclein,  lecithin,  cholesterin,  fats  (protamin  ?),  phosphorised  fat,  salts 
(2  per  cent.),  especially  phosphates  of  the  alkalies  and  earths,  together  with  sul- 
phates, carbonates,  and  chlorides.  The  odorous  body,  whose  nature  is  unknown, 
was  called  "  S2:)erniatm"  by  Vauquelin. 

Seminal  Fluid. — The  sticky,  whitish-yellow  seminal  fluid,  largely  composed  of  a  mixture  of 
the  secretions  of  the  above-named  glands,  when  exposed  to  the  air,  becomes  more  fluid,  and  on 
adding  Avater  it  becomes  gelatinous,  and  from  it  separate  whitish  transparent  flakes.  When 
long  exposed,  it  forms  rhomboidal  crystals,  which,  according  to  Schreiner,  consist  of  phosphatic 
salts  with  an  organic  base  (C2H5N).  These  crystals  (fig.  635)  are  said  to  be  derived  from  the 
prostatic,  fluid,  and  are  identical  with  the  so-called  Charcot's  crystals  (fig.  149,  c,  and  §  138). 
The  prostatic  fluid  is  thin,  milky,  amphoteric,  or  of  slightly  acid  reaction,  and  is  possessed  of 
the  seminal  odour.  The  phosphoric  acid  necessary  for  the  formation  of  the  crystals  is  obtained 
from  the  seminal  fluid.  A  somewhat  similar  odour  occurs  in  the  albumin  of  eggs  not  quite 
fresh.  The  non-poisonous  ptomain,  cadaverin  (pentamethyldiamin  of  Lcvdcnhurg),  isolated  by 
Brieger  from  dead  bodies,  has  a  similar  odour.  The  secretion  of  the  vesiculse  seminales  of  the 
guinea-pig  contains  much  fibrinogen  (p.  376). 

The  spermatozoa  are  50 /a  long,  and  consist  of  a  flattened  pear-shaped  head 
(fig.  636,  1  and  2,  k),  which  is  followed  by  a  rod-shaped  middle  piece,  in 
{Schweigger-Seidel),  and  a  long  tail-like  prolongation  or  cilium,  /.  The  sperma- 
tozoon is  propelled  forwards  by  the  to-and-fro  movements  of  the  tail  at  the  rate 
of  0-05  to  0-5  mm.  per  second ;  the  movement  is  most  rapid  immediately  after 
the  fluid  is  shed,  but  it  gradually  becomes  feebler. 

Finer  Structure. — The  observations  of  Jensen  have  shown  that  the  middle  piece  and 
head  are  still  more  complex,  although  this  is  not  the  case  in  human  spermatozoa  and  those 
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of  the  bull  {G.  Retzius).  These  consist  of  a  flattened,  long,  narrow,  transparent,  proto- 
plasmic mass,  with  a  libre  composed  of  many  delicate  threads  in  both  margins.  At  the  tip 
of  the  tail  both  fibres  unite  into  one.  The  fibre  of  the  one  margin  is  generally  straight 
the  other  is  thrown  into  wave-like  folds,  or 
winds  iu  a  spiral  manner  round  the  other 
{W.  Krause,  Gibbes).  G.  Retzius  describes  a 
special  terminal  filament  (fig.  636,  e).  An 
axial  thread  surrounded  by  an  envelope  of 
protoplasm,  traverses  the  middle  piece  and 
the  tail  {Eimer,  v.  Braun).  [Leydig  showed 
that  in  the  salamander  there  is  a  delicate  mem- 
brane attached  to  the  tail,  and  Gibbes  has 
described  a  spiral  thread  attached  to  the  head 
(newt)  and  connected  with  the  middle  piece 
by  a  hyaline  membrane.] 

Motion  of  the  Spermatozoa. — [After  the 
discharge  of  the  seminal  fluid,  the  spermatozoa 
exhibit  spontaneous  movements  for  many 
hours  or  days.]  The  movements  are  due  to 
the  lashing  movements  of  the  tail,  which 
moves  iu  a  circle  or  rotates  on  its  long  axis, 
the  impulse  to  movement  proceeding  from 
the  protoplasm  of  the  middle  piece  and  the 
tail,  which  seem  to  be  capable  of  moving  when 
they  are  detached  (Eimer).  These  move- 
ments are  comparable  to  those  that  occur  in  _  ,  ,  ..  a  -j 
cilia  (§  292),  and  there  are  transition  forms  Crystals  from  spermatic  fluid, 
between  ciliary  and  amoeboid  movements,  as  in  the  Monera.  Eeagents.— Within  the  testis 
they  do  not  exhibit  movement,  as  the  fluid  is  not  sufficiently  dilute  to  permit  them  to  move. 
Their  movements  are  specially  lively  in  the  normal  secretion  of  the  female  sexual  organs 
{BiscJwff),  and  they  move  pretty  freely,  and  for  a  long  time,  in  all  normal  animal  secretions 
except  saliva.  Their  movements  are  paralysed  by  water,  alcohol,  ether,  chloroform,  creosote, 
gum,  dextrin,  vegetable  mucin,  syrup  of  grape-sugar,  or  very  alkaline  or  acid  uterine  or  vaginal 
mucus  (Donne),  acids  and  metallic  salts,  and  a  too  high  or  too  low  temperature.  The  narcotics, 
as  long  as  they  are  chemically  indiff"erent,  behove  as  indiff"erent  fluids,  and  so  do  medium  solu- 
tions of  urea,  sugar,  albumin,  common  salt,  glycerin,  amygdalin,  &c. :  but  if  these  be  too  dilute 
or  too  concentrated,  they  alter  the  amount  of  water  in  the  spermatozoa  and  paralyse  them. 
The  quiescence  produced  by» water  may  be  set  aside  by  dilute  alkalies  (Virclwiv),  as  with  cilia 
(p.  452).  Engelmann  finds  that  minute  traces  of  acids,  alcohol,  and  ether  excite  movements. 
The  spermatozoa  of  the  frog  maybe  frozen  four  times  in  succession  without  killing  them.  They 
bear  a  heat  of  4375°  C,  and  they  will  live  for  70  days  when  placed  in  the  abdominal  cavity  of 
another  frog  (Mantegazza). 

Besistance. — Owing  to  the  large  amounts  of  earthy  salts  which  they  contain,  when  dried 
upon  a  microscopical  slide,  they  still  retain  their  form  (Valentin).  Their  form  is  not  destroyed 
by  nitric,  sulphuric,  hydrochloric,  or  boiling  acetic  acid,  or  by  caustic  alkalies  ;  solutions  of 
NaCl  and  saltj^etre  (10  to  15  per  cent.)  change  them  into  amorphous  masses.  Their  organic 
basis  resembles  the  semi-solid  albumin  of  epithelium. 

Seminal  fluid,  besides  spermatozoa,  also  contains  seminal  cells,  a  few  epithelial  cells  from  the 
seminal  passages,  numerous  lecithin  granules,  stratified  amyloid  bodies  (inconstant),  granular 
yellow  pigment,  especially  in  old  age,  leucocytes,  and  sperm'a  crystals  (Fiirbinger). 

Development  of  Spermatozoa. — The  walls  of  the  seminal  tubules,  n,  which  are 
made  up  of  spindle-shaped  cells,  are  lined  by  a  nucleated,  protoplasmic  layer  (fig. 
637,  I,  b,  and  IV,  A),  from  which  there  project  into  the  lumen  of  the  tube  long 
(0-053  mm.)  column-like  prolongations  (I,  c,  and  II,  III,  IV),  which  break  up  at 
their  free  end  into  several  round  or  oval  lobules  (II.) — the  spermatoblasts 
{v.  Ehner)  ;  these  consist  of  soft  finely  granular  protoplasm,  and  usually  have  an 
oval  nucleus  in  their  lower  part.  During  development,  each  lobule  of  the  sper- 
matoblast elongates  into  a  tail  (IV,  r),  while  the  deeper  part  forms  the  head  and 
middle  pieces  of  the  future  spermatozoon  (IV,  k).  At  this  stage  the  spermatoblast 
is  like  a  greatly  enlarged,  irregular,  cylindrical  epithelial  cell.  When  development 
is  complete,  the  head  and  middle  piece  are  detached  (III,  t),  and  ultimately  the 
remaining  part  of  the  spermatoblast  undergoes  fatty  degeneration.  Not  unfre- 
quently  in  spermatozoa  we  may  observe  a  small  mass  of  protoplasm  adhering  to  the 
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tail  and  the  middle  piece  (III,  t).  Between  the  spermatoblasts  are  numerous  round 
amceboid  cells  devoid  of  an  envelope,  and  connected  to  each  other  by  processes. 


Fig.  636. 

Spermatozoa.  1,  human  (  x  600),  the  head  seen  from  the  side  ;  2,  on  edge  ;  k,  head  ;  m,  middle 
piece  ;  /,  tail ;  e,  terminal  filament  ;  3,  from  the  mouse  ;  4,  bothriocephalus  latus  ;  5, 
deer  ;  6,  mole  ;  7,  green  woodpecker  ;  8,  black  swan  ;  9,  from  a  cross  between  a  goldtinch 
(M)  and  a  canary  (F) ;  10,  from  cobitis. 

They  seem  to  secrete  the  fluid  part  of  the  semen,  and  they  may  therefore  be  called 
seminal  cells  (I,  s,  II,  III,  IV,  p).    A  spermatozoon,  therefore,  is  a  detached 


Fig.  637. 

Semi-diagrammatic  spermatogenesis  :  I,  transverse  section  of  a  seminal  tubule— a,  membrane  • 
b,  protoplasmic  inner  lining  ;  c,  spermatoblast  ;  s,  seminal  cells.  II,  Unripe  spermatoblast 
—f,  rounded  clavate  lobules  ;  2h  seminal  cells.  IV,  spermatoblast,  with  ripe  spermatozoa 
{k)  not  yet  detached  ;  tail,  r ;  n,  wall  of  the  seminal  tubule ;  h,  its  protoplasmic  laver.  III. 
spermatoblast  with  a  spermatozoon  free,  t.  '  "  ' 

independently  mobile  cilium  of  an  enlarged  epithelial  cell.    Some  observers  adhere 
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to  the  view  that  the  spermatozoa  are,  in  part  at  least,  formed  within  round  cells, 
by  a  process  of  endogenous  development. 

Accoriling  to  Benda  and  v.  Ebner,  the  spermatoblasts  are  formed  by  the  coalescence  (copula- 
tion) of  a  group  of  seminal  cells  with  the  lower  part  of  the  foot-plnte  and  stalk  of  the  spermato- 
blasts. Each  seminal  cell  forms  from 
its  nucleus  the  head,  and  from  its  pro- 
toplasm the  tail  of  a  spermatozoon. 
For  the  complete  formation  of  these 
parts,  there  must  be  a  coalescence  of 
the  seminal  cells  with  the  spermato- 
blasts. 

Shape. — The  spermatozoa  of  most 
animals  are  like  cilia  with  larger  or 
smaller  heads.  The  head  is  elliptical 
(mammals),  or  pear-shaped  (mammals), 
or  cylindrical  (birds,  amphibians,  fish), 
or  cork-screw  (singing  birds,  paludina), 
or  merely  like  hairs  (insects— fig.  636). 
Immobile  seminal  cells,  quite  different 
from  the  ordinary  forms,  occur  in 
myriapoda  and  the  oyster. 

433.  THE  OVARY  —  OVUM  — 
UTERUS.— [Structure  of  the  Ovary. 

— The  ovary  consists  of  a  connective- 
tissue  framework,  with  blood-vessels, 

nerves,  lymphatics,  and  numerous  non-striped  muscular  fibres. 


matri.x  (fig.  638).  The  surface 
(fig.  639,  e),  the  remains  of  the 
germ -epithelium.  The  most 
sui)erficial  layer  is  called  the 
albuginea  ;  it  does  not  contain 
any  ova.  Below  it  is  the  corti- 
cal layer  of  Schron,  which 
contains  the  smallest  Graafian 
follicles  (i-^TT  inch  — fig.  638), 
while  deeper  down  are  the 
larger  follicles  (^V  to  j-Jy  inch). 
There  are  40,000  to  70,000 
follicles  in  the  ovary  of  a  female 
infant.  Eacli  ovum  lies  within 
its  follicle  or  Graafian  vesicle.] 
Structure  of  an  Ovum. — 
The  human  ovum  (C.  U.  v. 
Boer,  1827)  is  0-18  to  0-2  mm. 
[xhs  diameter,  and  is 

a  sjiherical  cellular  body  with 
a  thick,  solid,  elastic  envelope, 
the  zona  peUucida,  with 
radiating  stride  (fig.  640).  The 
zona  peUucida  encloses  the 
cell-contents  represented  by 
the  protoplasmic,  granular, 
contractile  vitellus  or  yelk, 
which  in  turn  contains  the 
eccentrically  placed  spherical 
nucleus  or  germinal  vesicle 
(40-50  _M  —Purkinjc,  1825 
or  germinal  spot  (5-7  ^ 


Fig.  638. 

Section  of  a  cat's  ovary.     The  place  of  attachment  , 
or  hilum  is  below.    On  the  left  is  a  corpus  luteum.  , 

The  ova  are  embedded  in  this 


of  the  ovary  is  covered  with  a  layer  of  columnar  epithelium 


Section  of  an  ovary. 


Fig.  639. 

c,  germ-epithelium ;  1,  large  sized  follicles; 
2,  2,  middle  sized,  and  3,  3,  smaller  sized  follicles  ;  0,  ovum 
within  a  Graafian  follicle  ;  v,  v,  blood-vessels  of  the  stroma  ; 
g,  cells  of  the  membrana  granulosa. 

Costc,   1834).     The  germinal  vesicle  contains  the  nucleolus 
-It.  Wacjmr,  1835).    The  diemical  composition  is  given  in  §  232. 

[Ovum.  Cell. 
Zona  peUucida  corresponds  to  the  Cell-wall. 
Vitellus  ,,  {'ell-contents. 

Germinal  vesicle     ,,  ,,  Nucleus. 

Germinal  spot  Nucleolus,] 
[This  arrangement  shows  the  corresponding  parts  in  a  cell  and  the  ovum,  and  in  fact  the 
ovum  represents  a  typical  cell.  ] 
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Yelk. 


Accessory 
nucleoli, 
also  /. 


The  zona  peUucida  (figs.  640,  641,  V,  Z),  to  which  cells  the  Graafian  follicles  are  often  ad- 
herent, is  a  cuticular  membrane  formed  secondarily  by  the  follicle  {rfliigcr).  According  to  \  an 
Beneden  it  is  lined  by  a  thin  membrane  next  the  vitellus,  and  he  regards  the  thin  membrane 
as  the  ordinal  cell-membrane  of  the  ovum.    The  fine  radiating  striie  in  the  zona  are  said  to  be 

Cells  of  discus  Drolincriis  due  to  the  existence  of  nume- 

CeUs  of  discus  piougcriib.  ^^^^^    ^^^^^^    {KtilWcer,  v. 

Sehlen).  It  is  still  undecided 
w^hether  there  is  a  special 
micropyle  or  hole  for  the 
entrance  of  the  spermatoza. 

A  micropyle  has  been 
observed  in  some  ova  (holo- 
thurians,  many  fishes,  mus- 
sels). The  ova  of  some 
animals  (many  insects,  e.g., 
the  flea)  have  porous  canals 
in  some  part  of  their  zona, 
and  these  serve  both  for  the 
Zona  entrance  of  the  spermatozoa 
peUucida.  j^^d  for  the  respiratory  ex- 
changes in  the  ovum. 

The  development  of 

the  ova  takes  place  in  the 
following  manner: — The 
surface  of  the  ovary  is 
covered  vi^ith  a  layer  of 
Fig.  640.  cylindrical    epithelium — 

Ripe  ovum  of  rabbit.  the  so-called  "  germ-epi- 

theliuni" — and  between  these  cells  lie  somewhat  spherical  "primordial  ova" 
(fig.  64i,  I,  a,  a).  The  epithelium  covering  the  surface  dips  into  the  ovary 
at  variou.s  places  to  form  "  ovarian  tubes  "  (fig.  683).  These  tubes,  from  and 
in  which  the  ova  are  developed  {Waldeyer),  become  deeper  and  deeper,  and  they 
contain,  in  their  interior,  large  single  spherical  cells  with  a  nucleus  and  a  nucleolus, 


and  other  snialler  and  more  numerous 


cells  lining 


the  tube.    The  large  cells  are 


the  cells  (primordial  ova)  that  are  to  develop  into  ova,  while  the  smaller  cells  are 
the  epithelium  of  the  tube,  and  are  direct  continuations  of  the  cylindrical  epithelium 
on  the  surface  of  the  ovary.    The  upper  extremities  of  the  tubes  become  closed, 
while  the  tube  itself  is  divided  into  a  number  of  rounded  compartments — snared 
off,  as  it  were,  by  the  ingrowth  of  the  ovarian  stroma  (I,  c).    Each  compartment 
so  snared  off  usually  contains  one,  or  at  most  two,  ova  (IV,  o,  o),  and  becomes 
developed  into  a  Graafian  follicle.    The  embryonic  follicle  enlarges,  and  fluid 
appears  within  it ;  while  its  lateral  small  cells  become  changed  into  the  epithelium 
lining  the  Graafian  follicle  itself,  or  those  of  the  membrana  granulosa.    The  cells 
of  the  membrana  granulosa  form  an  elevation  at  one  part — the  discus  proligerus 
— by  which  the  ovum  is  attached  to  the  membrana  granulosa.    The  follicles  are  at 
first  only  0"03  mm.  in  diameter,  but  they  become  larger,  especially  at  puberty. 
[The  smaller  ova  are  near  the  surface  of  the  ovary,  the  larger  ones  deeper  in  its 
substance  (fig.  639).]    When  a  Graafian  follicle  with  its  ovum  is  about  to  ripen 
(IV),  it  sinks  or  passes  downwards  into  the  substance  of  the  ovary,  and  enlarges  at 
the  same  time  by  the  accumulation  of  fluid — the  liquor  folliculi — between  the 
tunica  and  membrana  granulosa.    It  is  covered  by  a  vascular  outer  membrane — 
the  theca  folliculi — which  is  lined  by  the  epithelium  constituting  the  membrana 
granulosa  (IV,  g).    When  a  Graafian  follicle  is  about  to  burst,  it  again  rises  to 
the  surface  of  the  ovary,  and  attains  a  diameter  of  1*0  to  1'5  mm.,  and  is  now  ready 
to  burst  and  discharge  its  ovum.    [The  tissue  between  the  enlarged  Graafian 
follicle  and  the  surface  of  the  ovary  gradually  becomes  thinner  and  thinner  and  less 
vascular,  and  at  last  gives  way,  when  the  ovum  is  discharged  and  caught  by  the 
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fimbriated  extremity  of  the  Fallopian  tube  embracing  the  ovary,  so  that  the  ovum 
is  shed  into  the  Fallopian  tube  itself.]  Only  a  small  number  of  the  Graafian 
follicles  undergo  development  normally,  by  far  the  greatest  number  atrophy  and 
never  ripen.  (The  study  of  the  development  of  the  ova  and  ovary  was  advanced 
particularly  by  Martin  Barry,  Pfluger,  Billroth,  Schron,  His,  Waldeyer,  Kolliker, 
Koster,  Lindgren,  Schulin,  Foulis,  Balfour,  and  others.) 

According  to  Walileyer,  the  mamraaliau  ovum  is  not  a  simple  cell,  but  a  compound  structure. 
The  original  primitive  ovum  is,  according  to  him,  formed  only  of  the  germinal  vesicle  and 
germinal  spot,  with  the  surrounding  membranous  clear  part  of  the  vitellus  (tig.  641,  III).  The 
remainder  of  the  vitellus  is  developed  by  the  transformation  of  granulosa  cells,  which  also  form 
the  zona  pellucida. 

Holoblastic  and  Meroblastic  Ova.  — The  ova  of  frogs  and  cyclostomata  have  the  same  type  as 
mammalian  ova  ;  they  are  called  holoblastic  ova,  because  all  their  contents  go  to  form  cells 
which  take  part  in  the  formation  of  the  embryo.  In  contrast  with  these,  the  birds,  the  mouo- 
tremes  alone  amongst  the  mammals  {Caldicell),  the  reptiles  and  the  other  fishes  have  meroblastic 


Fig.  641. 

I  An  ovarian  tube  in  process  of  development  (new-born  girl),    a  a,  young  ova  between  the 
epithelial  cells  on  the  surface  of  the  ovary;  b,  the  ovarian  tube  with  ova  and  epithelial 
cells;  c,  a  small  follicle  cut  off  and  enclosing  an  ovum     II,  Open  ovanan  tube  from  a 
bitch     ill,  Isolated  primordial  ovum  (human).    IV,  Older  follicle  with  two  ova  {0  0) 
and  the  tunica  granulosa  (g)  of  a  bitch.    V,  Tart  of  the  surface  of  a  ripe  ovum  of  a  rabbit 
-z  zona  pellucida  ;  d,  vitellus  ;  e,  adherent  cells  of  the  membrana  gmnulosa.    VI,  Fust 
polar  globule  formed.    VII,  Formation  of  the  second  polar  globule  {Jfol). 
ova  (Reichert).    The  latter,  in  addition  to  the  white  or  formative  yelk,  which  corresponds  to 
?he  ve  k  of  t  e  holoblastic  eggs,  and  gives  rise  to  the  embryonic  cells  contains  the  food-yelk 
fyelS  in  birds),  which  during  development  is  a  reserve  store  of  food  for  the  developing 
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characteristic  white  yelk  elements,  processes  pass  into  the  yellow  yelk.  A  part  passes  as  an 
exceedincrly  thin  layer  round  the  yelk,  or  cortical  protoplasm.  [The  cicatricula  ui  an  uniucubated 
egg  is  always  uppermost  whatever  the  position  of  the  egg,  provided  the  contents  can  rotate 
freely  and  this  is  due  to  the  lighter  specific  gravity  of  that  part  of  the  yelk  in  connection  with 
the  cicatricula.  In  a  fecundated  egg  the  cicatricula  has  a  white  margin  (the  area  opaca),  sur- 
rounding a  clear  transparent  area,  the  beginning  of  the  area  pellucida,  containing  an  opaque 

Germinal  Blastoderm. 
vesicle 
and  : 


 Its  processes. 


Marginal 
protoplasm. 


Vitelline 
membrane. 


av 


ao 


Fig.  642.  Fig.  643. 

Scheme  of  a  meroblastic  egg.  «,  White  ;  &,  yellow  yelk  granules, 

spot  in  its  centre.  If  an  egg  be  boiled  very  hard  and  a  section  made  of  the  yelk,  it  will  be  found 
to  consist  of  alternating  layers  of  white  and  yellow  yelk.  The  outermost  layer  is  a  thin  layer 
of  white  yelk,  which  is  slightly  thicker  at  the  margin  of  the  cicatricula.  Within  the  centre  of 
the  yelk  is  a  flask-shaped  mass  of  white  yelk,  the  neck  of  the  flask  being  connected  with  the 
white  yelk  outside.  This  flask-shaped  mass  does  not  become  so  hard  on  being  boiled,  and  its 
upper  expanded  end  is  known  as  the  "nucleus  of  Pander."  The  great  mass  of  the  yelk  is 
made  up,  however,  of  yellow  yelk.]  Microscopically,  the  yellow  yelk  consists  of  soft  yellow 
.spheres,  of  from  23-100  /it  in  diameter,  and  they  are  often  polyhedral  from  mutual  pressure  (fig. 
643,  h).  [They  are  very  delicate  and  non-nucleated,  but  filled  with  fine  granules,  which  are,  per- 
haps, proteid  in  their  nature,  as  they  are  insoluble  in  ether  and  alcohol.  They  are  developed  by 
the  proliferation  of  the  granulosa  cells  of  tlie  Graafian  follicle,  which  also  seem  ultimately  to 
form  the  granulo-fibrous  double  envelope  or  the  vitelline  membrane  (Einicr).  The  whole  yelk 
of  the  hen's  egg  is  regarded  by  some  observers  as  equivalent  to  the  mammalian  ovum  plus  the 

corpus  luteum.  Microscopically,  the  white 
yelk  consists  of  small  vesicles  (5-75  f/.)  con- 
taining a  refractive  substance  and  larger 
spheres  containing  several  smaller  spherules 
(fig.  643,  a).  The  whole  yelk  is  enveloped  by 
the  vitelline  membrane,  which  is  transparent, 
but  possesses  a  fine  fibrous  structure,  and  it 
seems  to  be  allied  to  elastic  tissue.] 

When  the  yelk  is  fully  developed  within  the 
Graafian  follicles  of  the  hen's  ovarium,  the 
follicle  bursts  and  discharges  the  yelk,  which 
passes  into  the  oviduct,  where  in  its  jmssage  it 
rotates,  owing  to  the  direction  of  the  folds  of 
the  mucous  membrane  of  the  oviduct.  The 
numerous  glands  of  the  oviduct  secrete  the 
albumin,  or  white  of  the  egg,  which  is  deposited 
in  layers  around  the  yelk  in  its  passage  along 
the  duct,  and  forms  at  the  anterior  and  posterior 
chalazae.  [The  chalazae  are  two  twisted  cords 
composed  of  twisted  layers  of  the  outer  denser 
part  of  the  albumin.  They  extend  from  the 
poles  of  the  yelk  not  quite  to  the  outer  part  of 
the  albumin.]    [The  albumin  is  invested  by  the 


Fig.  644. 

Fowl's  egg  after  thirty  hours  incubation,  a, 
shell ;  b,  shell-membrane  ;  b',  air-chamber; 
c,  boundary  between  outer  and  middle  portion 
of  albumin ;  d,  more  fluid  albumin  ;  e, 
chalazae  ;  r,  yelk 


cnalazae  ;  r,  yelk  ;  av,  area  opaca  ;  no,  area  r,:^"ir"  ':  ;'  .      "  iuvcslbu  uy  uie 

vasculosa,  and  in  its  centre  is  the  embrVo.         ^^^^^a  testacea,  or  shell-membrane,  which 
.        ^,  .  ^^^^     /     ^^is  composed  of  two  layers— an  outer  thicker 

and  an  inner  thinner  one  (fig.  644).  Over  the  greater  part  of  the  albumin  these  two  layers 
are  united,  but  at  the  broad  end  of  the  hen's  egg  they  tend  to  separate,  and  air  passin  ' 


through 
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the  porous  shell  separates  them  more  and  more  as  the  fluid  of  the  egg  evaporates.  This  air- 
space is  not  found  in  fresh-laid  eggs.]  The  layers  consist  of  spontaneously  coagulated  keratin- 
like fibres  arranged  iu  a  spiral  manner  around  the  albumin  {Luidvall  ami  Hamarstcn).  [Ex- 
ternal to  this  is  the  test,  or  shell,  which  consists  of  an  organic  matri.K  impregnated  with  lime 
salts.]  The  shell  consists  of  albumin  impregnated  with  lime  salts,  which  form  a  very  porous 
mortar.  [The  shell  is  porous,  and  its  inner  layer  is  perforated  by  vertical  canals,  through 
which  the  respiratory  exchange  of  the  gases  can  take  place.]  In  the  eggs  of  some  birds 
there  is  an  outer  structureless,  porous,  slimy,  or  fatty  cuticula.  The  shell  is  secreted  in  the 
lower  part  of  the  oviduct.  The  shell  is  partly  used  up  for  the  development  of  the  bones  of 
the  chick  {Prout,  (Jruwe,  although  this  is  denied  by  Polt  and  Preyer).  The  pigment  which 
often  occurs  in  many  layers  of  the  surface  of  the  eggs  of  some  birds  appears  to  be  a  derivative  of 
htemogloblin  and  biliverdin. 

Chemical  Composition. — The  yellow  yelk  is  alkaline,  and  coloured  yellow  owing  to  the  pre- 
sence of  lutein,  which  contains  iron.  It  contains  several  proteids  [including  a  globulin  body 
called  viteUin  (p.  376)],  a  body  resembling  nuclein,  lecithin,  vitellin,  glycerin-phosphoric  acid, 
cholesterin,  olein,  palmitin,  dextrose,  potassic  chloride,  iron,  earthy  phosphates,  fluoric  and 
silicic  acids.  The  presence  of  cerebrin,  glycogen,  and  starch  is  uncertain.  [Dareste  states  that 
starch  is  present.] 

[The  albumin  of  egg  contains —water,  86  per  cent.;  proteids,  12;  fat  and  extractives,  1'5; 
saline  matter,  including  sodic  and  potassic  chlorides,  phosphates,  and  sulphates,  "5  per  cent.] 

[The  uterus,  a  thick  hollow  nuiscular  organ,  is  covered  externally  by  a  serous  coat,  and 
lined  internally  by  a  mucous  membrane, 
while  between  the  two  is  the  thick  mus- 
cular coat  composed  of  smooth  muscular 
fibres  arranged  in  a  great  numberof  layers 
and  in  difl"erent  directions.  The  mucous 
membrane  of  the  body  of  the  uterus  in 
the  unimpregnated  condition  hasnofolds, 
while  the  muscularis  mucosaj  is  very  well 
developed,  and  forms  a  great  part  of 
uterine  muscular  wall.  The  mucous 
membrane  is  lined  by  a  single  layer  of 
columnar  ciliated  epithelium.  A  vertical 
section  shows  the  mucous  membrane  to 
contain  numerous  tubular  glands  (fig. 
645) — the  uterine  glands — which  branch 
towards  their  lower  ends.  They  have  a 
membrana  propria,  and  are  lined  by  a 
single  layer  of  ciliated  epithelium,  a 
small  lumen  being  left  in  the  centre. 
The  utricular  glands  are  not  formed  dur- 
ing intra-uterine  life  {Ihimer),  nor  are 
there  any  glands  in  the  human  uterus  at 
birth  ((?.  J.  Encjdmann).  There  are 
numerous  slit-like  lymplmtic  spaces  in 
the  mucous  membrane  {Leopold),  which 
communicate  with  well-marked  lymi>hatic 
vessels  existing  in  this  and  the  other 
layers  of  the  organ.  In  the  cervix,  the 
mucous  membrane  is  folded,  presenting 
in  the  virgin  the  appearance  known  as 
the  arbor  vitic.    The  external  surface  of 


Fig.  645. 


the  vaginal  part  of  the  neck  is  covered  Vertical  section  of  the  nmcous  membrane  of  the  human 
by  stratified  s([uamous  epithelium,  like  uterus,  e,  columnar  epithelium,  the  cilia  absent ; 
the  vagina.]  rjg^  utricular  glands  ;  d,  intra-glandular  counective- 

[The  Fallopian  tubes  are  really  the    tissue  ;  vv,  blood-vessels  ;  mm,  muscularis  mucosa;, 
ducts  of  the  ovaries  (fig.  646).     They      '       '     '  ^         ,   .     ,    m  . 

consist  of  a  serous,  muscular  (an  external,  longitudinal,  and  an  mternal  cu'cular)  layer  ot  non- 
striped  muscle,  and  a  mucous  layer  thrown  into  many  folds  and  lined  by  a  single  layer  of 
ciliated  columnar  epithelium,  but  no  glands  (fig.  647). 

434.  PUBERTY.— The  term  puberty  is  applied  to  the  period  at  which  a 
human  being  becomes  capable  of  procreating,  which  occurs  from  the  13th  to  15th 
years  in  the  female,  and  the  14th  to  16th  in  the  male.  In  warm  climates,  puberty 
may  occur  in  girls  even  at  8  years  of  age.  Towards  the  40th  to  50th  year,  the 
procreative  faculty  ceases  in  the  female  with  the  cessation  of  the  menses ;  this  con- 
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stitutes  the  menopause  or  grand  climacteric,  whilst  in  man  the  formation  of 
seminal  fluid  has  been  observed  up  to  old  age.     From  the  period  of  puberty- 


Fig.  646. 

Left  broad  ligament,  Fallopian  tube,  ovary,  and  parovarium,  a,  uterus  ;  b,  isthmus  of  Fallopian 
tube  ;  c,  ampulla  ;  g,  fimbriated  end  of  the  tube,  with  the  parovarium  to  its  right  ;  e, 
ovary  ;  /,  ovarian  ligament. 

onwards,  the  sexual  appetite  occurs,  and  the  ripe  ova  are  discharged  from  the 
ovary.    [But  ova  are  discharged  even  before  puberty  or  menstruation  has  occurred.] 

At  puberty,  the  internal 
and  external  generative 
organs  and  their  annexes 
become  more  vascular  and 
undergo  development;  the 
pelvis  of  the  female  as- 
sumes the  characteristic 
female  shape.  For  the 
changes  in  the  mammae 
see  §  230.  At  the  same 
time  hair  is  developed  on 
the  pubes  and  axilla,  and 
in  the  male  on  the  face, 
while  the  sebaceous  glands 
become  larger  and  more 
active. 

Other  changes  occur,  espe- 
cially in  the  larynx.  In  the 
boy  the  larynx  elongates  in 
its  antero-posterior  diameter, 
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Fig.  647. 


Transverse  section  of  the  Fallopian  tube, 

the  thyroid,  or  Adam's  apjtle,  becomes  more  prominent,  while  the  vocal  cord's  lengthen,  so  that 
the  voice  is  hoarse,  or  husky,  or  "breaks,"  the  voice  being  lowered  at  least  an  octave.  In  the 
female  the  larynx  becomes  longer,  while  the  compas.s  of  the  voice  is  increased.  The  vitiil  capa- 
city (§  108),  corresponding  to  the  increase  in  the  size  of  the  chest,  undergoes  a  considerable 
increase  ;  the  whole  form  and  expression  assume  the  characteristic  sexual  appearance,  while  the 
psychical  energies  also  receive  an  impulse. 


435.  MENSTEITATION.— External  Signs.— At  regular  intervals  of  time, 
27^—28  days  in  a  mature  female,  there  is  a  rupture  of  one  or  more  ripe 
Graafian  follicles,  while  at  the  same  time  there  is  a  discharge  of  blood  from  the 
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external  genitals.  This  is  known  as  the  process  of  menstntation  (or  menses,  cata- 
menia,  or  periods).  Most  women  menstruate  during  the  first  quarter  of  the  moon, 
and  only  a  few  at  new  and  full  moon  (Stro/d).  In  mammals,  the  analogous  condition 
is  spoken  of  as  the  period  of  heat  [or  the  "  rut "  in  deer].  There  is  a  slightly  bloody 
discharge  from  the  external  genitals  in  carnivora,  the  mare,  and  cow  (Aristotle), 
while  apes  in  their  wild  condition  have  a  well-marked  menstrual  discharge  {Neubert). 
[Observations  on  cases  where  abdominal  section  has  been  performed  have  shown 
that  the  Graafian  follicles  mature  and  burst  at  any  time  (Lcmson  Tait,  Leojwld).'] 

The  onset  of  menstruation  is  usually  heralded  by  constitutional  and  local  phenomena- 
there  is  an  increased  feeling  of  congestion  in  the  internal  generative  organs,  pain  in  the  back 
and  loins,  tension  in  the  region  of  the  uterus  and  ovaries,  which  are  sensitive  to  pressure 
fatigue  in  the  limbs,  alternate  feeling  of  heat  and  cold,  and  even  a  slight  increase  of  the  tem- 
peratiire  of  the  skin  {Kcrsch).  There  may  be  retardation  of  the  process  of  digestion  and  varia- 
tions in  the  evacuation  of  the  f:eces  and  urine,  and  in  the  secretion  of  sweat.  The  discharge  is 
slimy  at  first,  and  then  becomes  bloody,  lasting  three  to  four  days ;  the  blood  is  venous,  and 
shows  little  tendency  to  coagulate,  provided  it  is 
mixed  with  much  alkaline  mucus  from  the  genital 
passages  ;  but,  if  the  luemorrhage  be  free,  the 
blood  may  be  clotted.  The  quantity  of  blood  is 
100  to  200  grms.  [The  blood  contains  many 
white  blood-corpuscles  and  epithelial  cells.]  After 
cessation  of  the  discharge  of  blood  there  is  a 
moderate  amount  of  mucus  given  off. 

The  characteristic  internal  phenomena 
which  accompany  menstruation  are  : — (1) 
The  changes  in  the  uterine  mucous  mem- 
brane ;  and  (2)  the  rupture  of  the  Graafian 
follicle. 

1.  Changes  in  the  uterine  mucous  mem- 
brane.— The  uterine  mucous  membrane  is 
the  chief  source  of  the  blood.  The  ciliated 
epithelium  of  the  congested,  swollen,  and 
folded,  soft,  thick  (3  to  6  mm.)  mucous 
membrane  is  shed.  The  orifices  of  the 
numerous  mucous  glands  of  the  mucous 
membrane  are  distinct,  the  glands  enlarge, 
and  the  cells  undergo  fatty  degeneration, 
and  so  do  the  tissue  and  the  blood-vessels 
lying  between  the  glands.  The  tissue  con- 
tains more  leucocytes  than  normal.  This 
fatty  degeneration  and  the  excretion  of  the 
degenerated  tissue  occur,  however,  only  in 
the  superficial  layers  of  the  mucosa,  whose 
blood-vessels,  when  torn  across,  yield  the  blood.  The  deeper  layers  remain  intact, 
and  from  them,  after  menstruation  is  over,  the  new  mucous  membrane  is  developed 
{Kundrat  and  G.  J.  Engelmann).  [Leopold  denies  the  existence  of  this  fatty 
degeneration.  According  to  Williams,  the  entire  mucous  membrane  is  removed 
at  each  menstrual  period,  and  it  is  regenerated  from  the  muscular  coat  (fig.  649). 
The  mucous  membrane  of  the  cervix  remains  free  from  these  changes.] 

2.  Ovulation. — The  second  important  internal  phenomenon  is  ovulation,  in 
which  process  the  ovary  becomes  more  vascular — the  ripe  follicle  is  turgid  with 
fluid,  and  in  part  projects  above  the  surface  of  the  ovary.  The  follicle  ultimately 
bursts,  its  membranes^  and  the  epithelium  covering  of  the  ovary  are  torn  or  give 
way  under  the  pressure,  the  bursting  being  accompanied  by  the  discharge  of  a 
small  amount  of  blood.  At  the  same  time,  the  congested,  turgid,  and  erected 
fimbriated  extremity  of  the  Fallopian  tube  is  applied  to  the  ovary,  so  that  the 


Fig.  648. — Diagram  of  the  uterus  just  before 
menstruation.  The  shaded  portion  repre- 
sents the  mucous  membrane.  Fig.  649. — 
Uterus  when  menstruation  lias  just  ceased, 
showing  the  cavity  of  the  body  deprived 
of  mucous  membrane  (.7.  IFillimiis). 
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discharged  ovum,  with  its  adherent  granulosa  cells,  and  the  liquor  folliculi,  are 
caught  by  the  funnel-shaped  extremity  of  the  tube  (fig.  646).  The  ovum,  when 
discharged,  is  carried  towards  the  uterus  by  the  ciliated  epithelium  (§  433)  of  the 
tube,  and  perhaps  also  partly  by  the  contraction  of  its  muscular  coat.  Ducalliez 
and  Kiiss  found  that,  by  fully  injecting  the  blood-vessels,  they  could  imitate  the 
erection  of  the  Fallopian  tube.  Rouget  points  out  that  the  non-striped  muscle  of 
the  broad  ligaments  may  cause  constriction  of  the  vessels,  and  thus  secure  the 
necessary  injection  of  the  blood-vessels  of  the  Fallopian  tube. 

Pfliiger's  Theory. — There  are  two  theories  as  to  the  connection  between  ovulation  or  the 
discharge  of  an  ovum  and  the  escape  of  blood  from  the  uterine  mucous  membrane.  Pfliiger 
regards  the  bloody  discharge  from  the  superficial  layers  of  the  uterine  mucous  membrane  as  a 
physiological  jireparation  or  "freshening"  of  the  tissue  (in  the  surgical  sense),  by  which  it 
will  be  prepared  to  receive  the  ovum  when  the  latter  reaches  the  uterus,  so  that  union  can 
take  place  between  the  ovum  and  the  freshly-exposed  surface  of  the  nmcous  membrane,  and 
thus  the  ovum  will  receive  nourishment  from  a  new  surface. 

Reichert's  Theory. — This  view  is  opposed  to  that  of  Reichert,  Engehnann,  Williams,  and 
others.  According  to  Reichert's  theory,  before  an  ovum  is  discharged  at  all  there  is  a  sympa- 
thetic change  in  the  uterine  mucous  membrane,  whereby  it  becomes  more  vascular,  more 
spongy,  and  swollen  up.  The  mucous  membrane  so  altered  is  spoken  of  as  the  memhrana 
decidua  menstrualis,  and  from  its  nature  it  is  in  a  proper  condition  to  receive,  retain,  and 
nourish  a  fertilised  ovum  which  may  come  into  contact  with  it.  If  the  ovum,  however,  be  not 
fertilised,  and  escape  from  tlie  genital  passages,  then  the  uterine  mucous  membrane  degener- 
ates, and  blood  is  shed  as  above  described.    According  to  this  view,  the  htemorrhage  from  the 
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a  sign  of  the 
pregnancy ;  the  mucous 
membrane  degenerates  because  it  is  not  re- 
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quired  for  this  occasion  ;  the  menstrual  blood 
is  an  external  sign  that  the  ovum  has  not 
been  impregnated.  So  that  pregnancy,  i.e., 
the  development  of  the  embryo  in  utero,  is 
to  be  calculated,  not  from  the  last  menstru- 
ation, but  from  some  time  between  the  last 
menstruation  and  the  period  which  does  not 
occur. 

In  some  cases  the  ovulation  and  the  for- 
mation of  the  decidua  menstrualis  occur 
separately,  so  that  there  may  be  menstrua- 
tion without  ovulation,  and  ovulation  without  menstruation. 

Corpus  Luteum.— When  a  Graafian  follicle  bursts,  it  discharges  its  contents  and  collapses  ; 
in  the  interior  are  the  remains  of  the  membrana  granulosa  and  a  small  effusion  of  blood,  which 

soon  coagulates.  The  small  rup- 
ture soon  heals,  after  the  serum 
is  absorbed.  The  vascular  wall 
of  the  follicle  swells  up.  Villous 
l^rolongations  or  granulations  of 
young  connective-tissue,  rich  in 
capillaries  and  cells,  grow  into  the 
interior  of  the  follicle  (fig.  651). 
Colourless  blood-corpuscles  also 
wander  into  the  interior.  At  the 
same  time  the  cells  of  the  granu- 
losa proliferate,  and  form  several 
layers  of  cells,  which  ultimately, 
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Fig.  651. 


Fig.  652. 


Corpus  luteum  of  cow  (  x  U).  Lutein  cells  from  the  corpus  luteum  of  cow 

after  the  disappearance  of  a  miniberof  blood-vessels,  undergo  fatty  degeneration,  lutein,  and  fatty 
matter  benig  formed,  and  it  is  this  mass  which  gives  the  corpus  luteum  its  yellow  ^010111^! 
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652).  The  capsule  becomes  more  and  more  fused  with  the  ovarian  stroma.  If  pregnancj-^  does 
not  take  place  after  the  menstruation,  then  the  fatty  matter  is  rapidly  absorbed,  and  the  elfused 
blood  is  changed  into  hajmatoidin  (§  20)  and  other  derivatives  of  hajmoglobin,  -while  there  is  a 
gradual  shrivelling  of  the  whole  mass,  which  is  complete  in  about  four  weeks,  only  a  very 
small  remainder  being  left.  Such  a  corpus  luteuin,  i.e.,  one  not  accompanied  by  pregnancy,  is 
called  a  false  corpus  luteum.  If,  however,  pregnancy  occurs,  then  the  corpus  luteum,  instead 
of  shrivelling,  grows  and  becomes  a  large  body,  especially  at  the  third  and  fourth  month,  the 
walls  are  thicker,  the  colour  deeper,  so  that  the  corpus  luteum  at  the  period  of  delivery  may  be 
6  to  10  mm.  in  diameter,  and  its  remains  may  be  found  in  the  ovary  for  a  very  long  time  thereafter 
(fig.  651).  This  form  is  sometimes  spoken  of  as  a  true  corpus  luteum.  [We  cannot  draw  a  sharji 
distinction  between  these  two  forms.]  Only  a  very  small  numl)er  of  tlie  ova  in  the  ovary 
undergo  development  and  are  discharged ;  by  far  the  greater  number  degenerate  {Slavjansky). 

436.  PENIS— ERECTION.— Penis.— [The  penis  is  composed  of  the  two  long  cylindrical 
corpora  cavernosa,  the  corpus  spongiosum,  which  lies  between  and  below  them,  and  sur- 
rounds the  urethra;  these  are  held  together  by  fibrous  and  muscular  sheaths,  and  are 
composed  of  erectile  tissue.]  Our  knowledge  of  the  distribution  of  the  blood  within  the 
penis  is  chiefly  due  to  0.  Langer's  researches.  The  albuginea  of  the  corpus  spongiosum  con- 
sists of  tendinous  connective-tissue,  containing  thickly-woven  elastic  tissue  and  smooth 
muscular  fibres,  which  together  form  a  solid  fibrous  envelope,  from  which  numerous  interlacing 
trabeculfe  pass  into  the  interior,  so  that  the  corpus  spongiosum  comes  to  resemble  a  sponge. 

'      by  these  trabeculai  form  a  series  of  inter-communicating 


The 

venous  spaces 


anastomosing 


spaces  bounded 
or  sinuses  filled 
with  blood  and  lined  by  a  layer 
of  endothelium  constituting  erec- 
tile tissue  (fig.  653).  The  largest 
sinuses  lie  in  the  lower  and 
external  part  of  the  corpus  caver- 
nosum,  while  they  are  less  nume- 
rous and  smaller  in  the  upper 
part.  The  small  arteries  arise 
from  the  A.  profunda  penis,  which 
runs  along  the  septum,  and  pass 
to  the  trabeculpe  after  following  a  . 
very  sinuous  course.  At  the  outer 
part  of  the  corpus  spongiosum, 
some  of  the  small  arteries  become 
directly  continuous  with  the  larger 
venous  sinuses  ;  some  of  them, 
however,  terminate  in  capillaries 
both  in  the  outer  part  and  within 
the  corpus  spongiosum,  the  capil- 
laries ultimately  terminating  in 
the  venous  sinuses.  The  helicine 
arteries  of  the  penis  described 
by  Job.  Miiller  are  merely  much 
twisted  arteries.  The  f^ce^?  veins 
of  the  penis  arise  by  fine  veinlets 
within  the  body  of  the  organ, 
while  the  veins  proceeding  from 
the  cavernous  spaces  pass  to  the  dorsum  of  the  penis  to  form  the  vena  dorsalis  penis.  As  these 
vessels  have  to  traverse  the  meshes  of  the  vascular  network  in  the  cortex  of  the  corpora 
cavernosa  penis,  it  is  evident  that,  when  the  network  is  congested  by  being  filled  with  blood, 
it  must  compress  the  outgoing  venous  trunks.  The  corpus  cavernosum  urethrre  consists  for 
the  most  part  of  an  external  layer  of  closely  packed  anastomosing  veins,  which  surround  the 
longitudinally  directed  blood-vessels  of  the  urethra. 

In  the  dog,  all  the  arteries  of  the  penis  run  at  first  towards  the  surface,  where  they  divide 
into  ])enicilli.  The  veins  arise  from  the  capillary  loops  in  the  papillte,  and  they  empty  their 
blood  into  the  cavernous  spaces.  Only  a  small  part  of  the  blood  passes  to  the  cavernous  spaces 
through  the  internal  capillaries  and  vein.s,  but  arterial  blood  never  flows  directly  into  these 
spaces  {M.  v.  Frey). 

Mechanism  of  Erection. 


Fig.  653. 

Erectile  tissue,   a,  trabeculai  of  connective-tissue  with  elastic 
fibres  and  smooth  muscle  (c)  ;  h,  venous  spaces. 


-Erection  is  due  to  the  overfilling  of  the  blood- 
vessels of  the  penis  with  blood,  whereby  the  volume  of  the  organ  is  increased 
four  or  five  times,  while,  at  the  same  time,  there  are  also  a  higher  temperature, 
increased  blood-pressure  (to  I  of  that  in  the  carotid— ^fMarc?),  with  at  first  a 
pulsatile  movement,  increased  consistence,  and  erection  of  the  organ. 
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Regncr  de  Graaf  obtained  complete  erection  of  the  penis  by  forcibly  injecting  its  blood- 
vessels (1668). 

The  preliminary  phenomena  consist  in  a  considerable  increase  of  the  arterial 
blood-supply,  the  arteries  being  dilated  and  pulsating  strongly.  The  arteries  are 
controlled  by  the  nervi  erigentes.  The  nervi  erigentes  [called  by  Gaskell  the 
pelvic  splanchnics  (fig.  439]  arise  chiefly  from  the  second  (more  rarely  the  third) 
sacral  nerves  (dog),  and  have  ganglionic  cells  in  their  course  (Loven,  Nikolshy). 
These  nerves  contain  vaso-dilator  fibres,  w^hich  can  be  excited  in  part  reflexly 
from  the  sensory  nerves  of  the  penis,  the  transference  centre  being  in  the  centre 
tor  erection  in  the  spinal  cord  (§  372,  4).  Sensory  impressions  produced  by 
voluntary  movements  of  the  genital  apparatus  (by  the  ischio-  and  bulbo-cavernosi 

and  cremaster  muscles)  can  also  dis- 
charge this  reflex  ;  while  the  thought 
of  sexual  impulses,  referable  to  the 
penis,  tends  to  induce  erection.  The 
nervi  erigentes  also  supply  the  longi- 
tudinal fibres  of  the  rectum  {Fellner). 

The  centre  for  erection  in  the 
spinal  cord  (§  362,  2)  is,  however, 
controlled  by  the  dominating  vaso- 
dilator centre  in  the  medulla  oblon- 
gata (§  372),  and  the  two  centres  are 
connected  by  fibres  within  the  cord ; 
hence  stimulation  of  the  upper  part 
of  the  cord,  as  by  asphyxiated  blood 
(§  362,  5)  or  muscarin,  may  also  be 
followed  by  erection  {Nikcdsky).  [The 
seminal  fluid  is  frequently  found  dis- 
charged in  persons  Avho  have  been 
hanged.] 

The  ptiycliical  activity  of  the  cere- 
brum has  a  decided  influence  on  the 
genital  vaso-dilator  nerves.    Just  as 
the  psychical  disturbance  which  ac- 
companies anger  or  shame  is  followed 
Anterior  wall  of  the  pelvis  with  the  urogenital  sep-  by  dilatation  of  the  blood-vessels  of 
turn  seen  from  the  front.    The  corpus  cavernosum  the  head,  owing  to  stimulation  of  the 
(4)  with  the  urethra  (3)  is  cut  across  below  its  vaso-dilator  fibres,  so  when  the  atten- 
exit  from  the  pelvis.    1,  symphysis  pubis;  2,  •    j-     i.  j  .  , 

dorsal  vein  of  the  penis  ;  5,  part  of  the  bulbo-  directed  to  the  sexual  centres 

cavernosus  ;  t,  deep  transvcrsus  perinei  with  its  there  is  an  action  upon  the  nervi  eri- 
fascia  (/) ;  6,  vena  profunda  penis  ;  7,  artery  and  gentes.  This  action  of  the  brain  is 
vein  of  the  bulbo-cavernosus.  niore  comprehensible,  since  we  know 

that  the  diameter  of  the  blood-vessels  is  affected  by  the  cortex  cerebri  (§  377).  The 
fibres  probably  pass  from  the  cerebrum  through  the  peduncles  of  the  cerebrum  and 
the  pons ;  as  a  matter  of  fact,  if  these  parts  be  stimulated  erection  may  take  place 
(§  362,  4)  (EcJchard). 

When  the*  impulse  to  erection  is  obtained  by  the  increased  supply  of  arterial 
blood,  the  fidl  completion  of  the  act  is  brought  about  by  the  activity  of  the  follow- 
ing transversely  striped  muscles  : — (1)  The  ischio-caveimo.nis  arises  from  the  coccyx 
and  by  its  tendinous  union  surrounds  the  root  of  the  penis  (fig.  172).  When  it 
contracts,  it  compresses  the  root  of  the  penis  from  above  and  laterally,  so  that  the 
outflow  of  blood  from  the  penis  is  hindered.  It  has  no  action  on  the  dorsal  vein 
of  the  penis,  as  this  vessel  lies  in  a  groove  on  the  dorsum  of  the  penis,  and  is 
therefore  protected  from  compression  by  the  tendon.    (2)  The  clee^)  transversm 


Fig.  654. 
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perinei  is  perforated  by  the  vease  profundse  penis,  which  come  from  the  corpora 
cavernosa,  so  that  when  it  contracts  it  must  compress  these  veins  between  the 
tense  horizontal  fibres  (fig.  654,  6).  The  deep  veins  of  the  penis  join  the  common 
pudendal  vein  and  the  plexus  Santorini.  (3)  Lastly,  the  bulbo-cavei-nosus  is  con- 
cerned in  the  hardening  of  the  urethral  corpus  spongiosum,  as  it  compresses  the 
bulb  of  the  urethra  (figs.  654,  5,  172).  All  these  muscles  are  partly  under  the 
control  of  the  will,  whereby  the  erection  may  be  increased.  Normally,  however, 
their  contraction  is  excited  reflexly  by  stimulation  of  the  sensory  nerves  of  the 
penis  (§  362,  4). 

The  congestion  of  blood  is  not  complete,  else,  in  pathological  cases,  continuous  erection,  as 
in  satyriasis,  would  give  rise  to  gangrene.  The  accumulation  of  the  blood  in  the  penis  is 
favoured  by  the  fact  that  the  origins  of  the  veins  of  the  penis  lie  in  the  corpus  cavernosum, 
which,  when  it  enlarges,  must  compress  them.  There  are  also  trabecular  smooth  muscular 
fibres,  which  compress  the  large  venous  plexus  of  Santorini. 

That  erection  is  a  complex  motor  act  depending  on  the  nervous  system,  is  proved  by  an 
experiment  of  Hausmann,  who  found  that  section  of  the  nerves  of  the  penis  prevented  erection 
in  a  stallion.  The  imperfect  erection  which  occurs  in  the  female  is  confined  to  the  corpora 
cavernosa  clitoridis  and  the  bulbi  vestibuli.  During  erection,  the  passage  from  the  urethra  to 
the  bladder  is  closed,  partly  by  the  swelling  of  the  caput  gallinaginis,  and  partly  by  the  action 
of  the  sphincter  urethrse,  which  is  connected  with  the  deep  transversus  perinei. 

437.  EJACULATION— RECEPTION   OF  THE  SEMEN.— In  connection 
with  the  ejaculatioii  of  the  seminal  fluid,  we  must  distinguish  two  different  factors 
— (1)  its  passage  from  the  testicles  to  the  vesiculse  seminales ;  (2)  the  act  of 
ejaculation  itself.    The  former  is  caused  by  the  newly  secreted  fluid  forcing  on  that 
in  front  of  it,  by  the  action  of  the  ciliated  epithelium  (which  lines  the  epididymis 
to  the  beginning  of  the  vas  deferens),  and  also  by  the  peristaltic  movements  of  the 
smooth  muscular  fibres  of  the  vas  deferens.    Ejaculation,  however,  requires  strong 
peristaltic  contractions  of  the  vasa  deferentia  and  the  vesiculte  seminales,  which  are 
brought  about  by  the  reflex  stimulation  of  the  ejaculation  centre  in  the  spinal  cord 
(§  362,  5).    As  soon  as  the  seminal  fluid  reaches  the  urethra,  there  is  a  rhythmical 
contraction  of  the  bulbo-cavernosus  muscle  (produced  by  the  mechanical  dilatation 
of  the  urethra),  whereby  the  fluid  is  forcibly  ejected  from  the  urethra.    Both  vasa 
deferentia  and  vesicultB  do  not  always  eject  their  contents  into  the  urethra  simul- 
taneously.   With  moderate  excitement  the  contents  of  only  one  may  be  dis- 
charged.   The  ischio-cavernosus  and  deep  transversus  perinei  contract  at  the  same 
time  as  the  bulbo-cavernosus,  although  the  former  have  no  effect  on  the  act  of 
ejaculation.    In  the  female  also,  under  normal  circumstances,  at  the  height  of  the 
sexual  excitement  there  is  a  reflex  movement  corresponding  to  ejaculation.    It  con- 
sists of  a  movement  analogous  to  that  in  man.    At  first  there  is  a  reflex  peristaltic 
movement  of  the  Fallopian  tube  and  uterus,  proceeding  from  the  end  of  the  tube 
towards  the  vagina,  and  produced  reflexly  by  the  stimulation  of  the  genital  nerves. 
Dembo  observed  that  stimulation  of  the  anterior  upper  wall  of  the  vagina  in 
animals  caused  a  gradual  contraction  of  the  uterus.    By  this  movement,  correspond- 
ing to  that  of  the  vasa  deferentia  in  man,  a  certain  amount  of  the  mucus  normally 
lining  the  uterus  is  forced  into  the  vagina. 

This  is  followed  by  the  rhythmical  contraction  of  the  sphincter  cunni  (analogous 
to  the  bulbo-cavernosus),  also  of  the  ischio-cavernosus,  and  deep  transversus  perinei. 
The  uterus  is  erected  by  the  powerful  contraction  of  its  muscular  fibres  and  round 
ligaments,  while  at  the  same  time  it  descends  towards  the  vagina,  its  cavity  is  more 
and  more  diminished,  and  its  mucous  contents  are  forced  out.  When  the  uterus 
relaxes  after  the  stage  of  excitement,  it  aspirates  into  its  cavity  the  seminal  fluid 
injected  into  the  vestibule  (Aristotle,  Bischqff). 

But  the  suction  of  the  greatly  excited  uterus  is  not  necessary  for  the  reception  of  the  semen 
{Aristotle).  The  spermatozoa  may  wriggle  by  their  own  movements  from  tiie  vagina  into  the 
orifice  of  the  uterus  {Kristeller).    The  cases  of  pregnancy  where  from  some  pathological  causes 
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(partial  closure  of  the  vagina  or  vulva),  the  penis  has  not  passed  into  the  vagina  during  coition, 
prove  that  the  spermatozoa  can  traverse  the  whole  length  of  the  vagina,  and  pass  into  the 
uterus. 

438.  FEETILISATION  OF  THE  OVUM.— The  ovum  is  fertilised  by  one 
spermatozoon  joassing  into  it. 

Swamnicrdani  (t  1685)  proved  that  contact  of  the  semen  with  the  ovum  was  necessary  for 
fertilisation.  Spallanzani  (1768)  proved  that  the  fertilising  agent  was  the  spermatozoa,  and 
not  the  clear  filtered  fluid  part  of  the  semen,  and  that  the  spermatozoa,  even  after  being 
enormouslv  diluted,  were  still  capable  of  action.  Martin  Barry  (1850)  was  the  first  to  observe 
the  entrance  of  a  sjjermatozoon  into  the  ovum  of  the  rabbit.  This  occurs  pretty  rapidly,  by  a 
boring  movement  through  the  vitelline  membrane  (Leuckhart).  The  entrance  is  effected  either 
through  the  porous  canals  or  the  micropyle  {Kcbcr,  p.  850). 

Theories. — As  to  the  manner  in  which  the  spermatozoon  affects  the  ovum,  there  are  great 
diff'erences  of  opinion.  Aristotle  compared  it  to  an  action  like  that  of  rennet  on  milk  ;  Bischoft", 
to  that  of  yeast  on  a  fermentable  mass,  i.e.,  to  a  catalytic  action.  These  theories,  however,  are 
quite  unsatisfactory,  as  we  know  that  the  unfertilised  ova  of  the  hen,  rabbit  {Hensen),  pig 
{Bisclwf),  salpa  {Ku2)pfer)  (but  not  the  fvog—Pfliiger)  can  undergo  the  initial  stages  of  develop- 
ment as  far  as  the  stage  of  cleavage,  and  the  star-fishes  even  as  far  as  the  larval  form  (Greef). 

Place  of  Fertilisation.— The  place  where  fertilisation  occurs  is  either  the  ovary, 
as  indicated  by  the  occurrence  of  abdominal  pregnancy,  or  the  Fallopian  tube,  and 
the  numerous  recesses  in  the  latter  aiford  a  good  temporary  nidus  for  the  sperma- 
tozoa. This  view  is  supported  by  the  occurrence  of  tubal  pregnancy.  Thus,  the 
spermatozoa  must  be  able  to  pass  through  the  Fallopian  tube  to  the  ovary,  which 
is  probably  brought  about  chiefly  by  the  movements  proper  to  the  spermatozoa 
themselves.  It  is  uncertain  whether  the  peristaltic  movements  of  the  uterus  and 
Fallopian  tube  are  concerned  in  this  process  ;  certainly  ciliary  movement  is  not  con- 
cerned, as  the  cilia  of  the  Fallopian  tube  act  from  above  downwards.  When  once 
the  ovum  has  passed  unfertilised  into  the  uterus,  it  is  not  fertilised  in  the  uterus. 
It  is  assumed  that  the  ovum  reaches  the  uterus  within  2  to  3  weeks  (in  the  bitch, 
8  to  14  days). 

Twins  occur  in  1  in  87  pregnancies,  but  oftener  in  warm  climates  ;  triplets, 
1  : 7600 ;  four  at  a  birth,  1  :  330,000.  More  than  six  at  a  time  have  not  been 
observed.    The  average  number  of  pregnancies  in  a  woman  is  4^. 

Superfecundation. — By  this  term  is  understood  the  fertilisation  of  two  ova  at  the  same 
menstruation,  by  two  different  acts  of  coition.  Thus,  a  mare  may  throw  a  foal  and  a  mule, 
after  being  covered  first  by  a  stallion  and  then  by  an  ass,  A  white  and  a  black  child  have  been 
born  as  twins  by  a  woman. 

Superfcetation  is  when  a  second  impregnation  takes  place  at  a  later  period  of  pregnancy,  as 
in  the  second  or  third  month.  This,  however,  is  oidy  possible  in  a  double  uterus,  or  when 
menstruation  persists  until  the  time  of  the  second  impregnation.  It  is  said  to  occur  frequently 
in  the  hare. 

Hybrids  are  produced  when  there  is  a  cross  between  different  sjKcics  (horse,  ass,  zebra— dog, 
jackal,  wolf— goat,  ibex— goat,  sheep — species  of  llama — camel,  dromedary — tiger,  lion — species 
of  pheasant— goose,  swan— carp,  crucian— species  of  butterflies).  Most  hybrids  are  sterile, 
especially  as  regards  the  formation  of  properly  formed  spermatozoa  ;  while  the  hybrid  females 
are  for  the  most  part  fertile  with  the  male  of  both  parents,  e.g.,  the  mule  ;  but  the  characters 
of  the  off'spring  tend  to  return  to  those  of  the  species  of  the  parents.  Very  few  hybrids  are 
fertile  when  crossed  by  hybrids.  In  many  species  of  frogs  the  absence  of  hybrids  is  accounted 
for  by  the  mechanical  obstacles  to  fertilisation  of  the  ova. 

Tubal  Migration  of  the  Ovum.— Under  exceptional  circumstances,  the  ovum 
discharged  from  a  ruptured  Graafian  follicle  passes  into  the  Fallopian  tube  of  the 
other  side,  as  is  proved  by  the  occurrence  of  tubal  pregnancy  and  pregnancy  of  an 
abnormal  rudimentary  horn  of  the  uterus,  in  which  case  the  true  corpus  luteum 
is  found  on  the  other  side  of  the  ovary.  This  is  spoken  of  as  "external  migration" 
(Kussmatd,  Leopold).  This  observation  coincides  with  experiment,  as  granular 
fluids,  e.^r.,  China-ink,  when  injected  into  the  peritoneal  cavity,  pass  into  both 
Fallopian  tubes,  and  are  carried  by  the  ciliated  epithelium  to  the  uterus  ( Pinner). 
In  animals,  with  a  double  uterus  with  two  orifices,  the  ova  may  migrate  through 
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the  OS  of  the  one  into  the  other  uterus,  a  condition  which  is  spoken  of  as  "  internal 
migration." 

439.  IMPREGNATION— CLEAVAGE— LAYERS  OF  THE  EMBRYO.— 

Maturation  of  the  Ovum. — In  birds  and  mammals,  important  changes  occur  in 
the  ovum  before  impregnation.  The  germinal  vesicle  comes  to  the  surface  and  dis- 
appears from  view,  while  the  germinal  spot  also  disappears.  In  place  of  the 
germinal  vesicle,  a  spindle-shaped  body  appears.  The  granular  elements  of  the 
protoplasmic  vitellus  arrange  themselves  around  each  of  the  two  poles  of  the  spindle, 
in  the  form  of  a  star,  the  double-star,  or  diaster  of  Fol — nuclear  spindle  (figs.  655, 
656).  When  this  takes  place,  the  peripheral  pole  of  the  nucleus  or  altered  ger- 
minal vesicle,  along  with  some  of  the  cellular  substance  of  the  ovum,  protrudes 
upon  the  surface  of  the  vitellus,  where  they  are  nipped  off  from  the  ovum  in  the 
form  of  small  corpuscles  just  like  an  excretory  product  (fig.  657).  These  bodies, 
which  are  not  made  use  of  in  the  further  development  and  growth  of  the  ovum, 
are  called  polar  or  directing  globules  {Fol,  Biitschli,  0.  Hei-tivig),  although  the 
elimination  of  small  bodies  from  the  yelk  was  known  to  Dumortier  [1837],  Bis- 
choff,  P.  J.  van  Beneden,  Fritz  Miiller  [1848],  Kathke,  and  others.  The  remaining 
part  of  the  germinal  vesicle  stays  within  the  vitellus  and  travels  back  towards  the 
centre  of  the  ovum,  to  form  the  female  proneucleus  {0.  Herhvig,  Fol,  Selenka,  E. 
van  Beneden).  [Before,  however,  the  altered  germinal  vesicle  travels  downwards 
again  into  the  substance  of  the  ovum,  it  divides  again  as  before,  and  from  it  is 
given  off  the  second  polar  globule,  and  then  the  remainder  of  the  germinal  vesicle 


Fig.  655. — Formation  of  polar  globules  in  a  star-fish  (Asterias  glacialis).  A,  ripe  ovum  with 
excentric  germinal  vesicle  and  spot ;  B-E,  gradual  metamorphosis  of  germinal  vesicle 
and  spot,  as  seen  in  the  living  egg,  into  two  asters  ;  F,  formation  of  first  polar  globule,  and 
withdrawal  of  the  remaining  jiart  of  the  nuclear  spindle  within  the  ovum  ;  G,  surface 
view  of  living  ovum  with  view  of  first  polar  globule  ;  H,  formation  of  second  polar 
globule  ;  1,  a  later  stage,  showing  the  remaining  internal  part  of  the  spindle  in  the  form 
of  two  clear  vesicles  ;  K,  ovum  with  two  polar  globules  and  radial  strife  around  the  female 
pronucleus  ;  L,  extrusion  of  polar  globule.  {Geddcs :  A-K,  after  Fol;  L,  after  0.  Hcrtwig.) 
Fig.  656. — Egg  of  Scorpaena  scrofa.  The  germinal  vesicle  is  extruding  a  polar  globule, 
and  withdrawing  towards  the  centre  of  the  ovum.    Near  it  is  the  male  pronucleus. 

forms  the  female  proneucleus  (fig.  655).  At  the  same  time  the  vitellus  shrinks 
somewhat  within  the  vitelline  membrane.] 

Impregnation. — As  a  rule,  only  one  spermatozoon  penetrates  the  ovum,  and  as 
it  does  so,  it  moves  towards  the  female  pronucleus,  while  its  head  becomes  sur- 
rounded with  a  star ;  it  then  loses  its  head  and  cilium,  or  tail,  the  latter  only 
serving  as  a  motor  organ,  while  the  remaining  middle  piece  swells  up  to  form  a 
second  new  nucleus,  the  male  pronucleus  {Fol,  Selenka).  According  to  Flemming, 
it  is  the  anterior  part  of  the  head,  and  according  to  Kein  and  Eberth,  it  is  the 
head  which  is  so  changed.  Thereafter,  the  male  and  female  pronucleus  unite, 
undergoing  amoeboid  movements  at  the  same  time,  to  form  the  new  nucleus  of  the 
fertilised  ovum.  The  female  pronucleus  receives  the  male  pronucleus  in  a  little 
depression  on  its  surface.   Thereafter  the  yelk  assumes  a  radiate  appearance  {Eein). 


> 
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[The  union  of  the  representatives  of  the  male  and  female  elements  forms  the  Jirsf 
tmbrvo7iic  segmentation  sphere  or  hlastosphere,  which  divides  into  two  cells,  and 

these  again  into  four,  and  so  on  (fig.  65b).J 

In  Echinodeims,  0.  Heitwig  and  Fol  observed  that 
several  embryos  were  formed  when,  under  abnormal  con- 
ditions, several  spermatozoa  penetrated  an  ovum.  The 
male  pronuclei,  formed  from  the  several  spermatozoa, 
then  fused  each  with  a  fragment  of  the  female  pro- 
nucleus. Under  similar  circumstances,  Born  observed 
in  amphibians  abnormal  cleavage,  but  no  further  de- 
velopment. 

Cleavage  of  the  Yelk. — In  an  ovum  so  fer- 
tilised the  yelk  contracts  somewhat  around  the 
^  .J,.      .  newly-formed  nucleus,  so  that  it  becomes  slightly 

Eggof  a  Star-fish  (Asteracanthion)  with  separated  from  the  vitelline  membrane,  and  for 
two  extruded  polar  globules.  Male  ^j^q  gj-st  time  the  nucleus  and  the  yelk  divides 
and  female  pronuclei  near  each  other.  .^^^^  nucleated  spheres.     This  process  is 

spoken  of  as  a  complete  cleavage  or  fission  (fig.  658).  Each  of  these  two  cells 
again  divides  into  two,  and  the  process  is  repeated,  so  that  4,  8,  16,  32,  and  so  on. 


Fig.  657. 


Fig.  658. 

Segmentation  of  a  rabbit's  ovum,  a,  two-celled  stage  ;  h,  four-celled  stage  ;  c,  eight-celled 
stage  ;  dc,  many  blastomeres  showing  the  more  rapid  division  of  the  outer-layer  cells,  and 
the  gradual  enclosure  of  the  inner-layer  cells  ;  ect,  outer-layer  cells  ;  mt,  inner-layer  cells  ; 
pcjl,  polar  globules  ;  zp,  zona  pellucida. 

spheres  are  formed  (fig.  659).  This  constitutes  the  cleavage  of  the  yelk,  and  the 
process  goes  on  until  the  whole  yelk  is  subdivided  into  numerous  small,  nucleated 

spheres,  the  "  mulberry  mass  "  or  "  seg- 
mentation spheres  "  or  "  morula,"  or  the 
protoplasmic  primordial  spheres  (20  to  25 
/a)  which  are  devoid  of  an  envelope.  [Each 
cell  divides  by  a  process  of  karyokinesis. 
According  to  Van  Beneden,  the  segmenta- 
tion begins  in  1-2  hours  after  the  union 
of  the  pronuclei,  and  the  process  is  com- 
plete in  about  75  hours.  These  primi- 
the  future  embryo  are  formed,  are  called 


Fig.  659. 

Cleavage  of  the  yelk  of  the  egg  of  Anchylo- 
stomum  duodenale. 

tive  cells,  from  which  all  the  tissues  of 


blastomeres.] 
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Variation  of  Lines  of  Cleavage.— According  to  the  observations  of  Pfliiger,  the  ova  of  the 
frog  call  be  made  to  undergo  cleavage  in  very  different  directions,  according  to  the  angle  between 
the  axis  of  the  egg  and  the  line  of  gravitation.  This  of  eovirse  we  can  alter  as  we  please,  by 
placing  the  eggs  at  any  angle  to  the  line  of  gravitation.  By  the  axis  of  the  ovum  is  meant  a 
line  connecting  the  centre  of  the  black  surface  and  the  middle  of  the  white  part,  which,  in  the 
fertilised  ovum,  is  always  vertical.  In  such  cases  of  abnormal  cleavage  the  deposition  of  the 
organs  takes  place  from  other  constituents  of  the  egg  than  those  from  which  they  are  formed 
under  normal  conditions.  Under  normal  circumstances,  according  to  Koux,  the  first  line  of 
cleavage  in  the  frog  is  in  the  same  direction  as  the  central  nervous  system.  The  second  inter- 
sects the  first  at  a  right  angle,  so  as  to  divide  the  mass  of  ovum  into  two  unequal  parts,  the 
larger  of  which  forms  the  anterior  part  of  the  embryo. 

Blastoderm. — During  this  time  tlie  ovum  is  enlarging  by  absorption  of  fluid 
into  its  interior.  All  the  cells,  from  mutual  pressure  against  each  other,  become 
polyhedral,  and  are  so  arranged  as  to  form  a  cellular  envelope  or  bladder,  the 
blastoderm  or  germinal  membrane,  which  lies  on  the  internal  surface  of  the 
vitelline  membrane  {De  Graaf,  v.  Baer,  Bischoff,  Coste).  A  small  part  of  the  cells 
not  used  in  the  formation  of  the  blastoderm  is  found  on  some  part  of  the  latter. 
[In  the  ovum  of  the  bird,  where  there  is  only  partial  segmentation,  the  blastoderm 
is  a  small  round  body  resting  on  the  surface  of  the  yelk,  under  the  vitelline 
membrane,  so  that  it  does  not  completely  surround  the  yelk,  or  a  hollow  cavity,  as 


Fig.  660.  Fig.  661. 

Fig.  660. — Blastodermic  vesicle  of  a  rabliit.  cct,  ectoderm,  or  outer  layer  of  cells ;  cut,  inner 
layer  of  cells.  Fig.  661. — Pr,  primitive  streak  ;  R,  medullary  groove  ;  U,  first  proto- 
vertebra. 

in  mammals.  In  mammals,  this  cavity  is  called  the  segmentation  cavity.]  The 
hollow  sphere,  composed  of  cells,  is  called  the  blastodermic  vesicle  by  Reichert 
(fig.  660),  and  in  the  human  embryo  it  is  formed  at  the  10th  to  12th  day,  in  the 
rabbit  at  the  4th,  the  guinea-pig  at  the  3^,  the  cat  7th,  dog  lltli,  fox  14th, 
ruminantia  at  the  10th  to  12th  day,  and  the  deer  at  the  60th  day. 

When  the  blastoderm  grows  to  2  mm.  (rabbit),  whereby  the  vitelline  membrane 
is  distended  to  a  very  thin  delicate  membrane,  then  at  one  part  of  it  there  appears 
the  germinal  area,  the  area  germinativa,  or  the  embryonal  shield  {Coste,  Kdlliker), 
as  a  round  white  spot,  in  which  the  blastoderm,  owing  to  the  proliferation  of  its 
cells,  becomes  double.  The  upper  layer  is  called  the  ectoderm  or  epiblast,  and  in 
some  animals  it  consists  of  several  layers  of  cells,  while  the  lower  layer  is  the 
endoderm  or  hypoblast.  The  hypoblast  continues  to  grow  at  its  edges,  so  that  it 
ultimately  forms  a  completely  closed  sac,  on  which  the  epiblast  is  applied  concen- 
trically. The  embryonal  area  soon  becomes  more  pear-shaped,  and  afterwards 
biscuit-shaped.  At  the  same  time  the  surface  of  the  zona  pellucida  develops 
numerous  small,  hollow,  structureless  villi,  and  is  called  the  primitive  chorion. 

At  the  posterior  part,  or  narrow  end,  of  the  embryonic  shield,  the  primitive 
streak  (fig.  661,  I,  Fr)  appears  at  first  as  an  elongated  opaque  circular  thickening, 
and  later  as  a  longer  streak  or  groove,  the  primitive  groove.    [The  opacity  is  due 
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to  the  fact  that  there  are  several  layers  of  cells  in  this  region  (fig.  662).  In  a 
transverse  section  through  the  primitive  streak,  three  layers  of  cells  are  seen. 
They  form  part  of  the  middle  layer  or  mesoblast,  and  are  originally  derived  from 
the  hypoblast.  These  cells  fuse  with  those  of  the  epiblast.  The  remainder  of  the 
hypoblastic  cells  retain  their  stellate  character.]    At  the  same  time  a  new  layer  of 


ao.m. 


Fig.  662, 

Transverse  section  of  the  primitive  streak  of  a  fowl's  blastoderm,    cjj,  epiblast ;  hy,  hypoblast ; 
VI,  mesoblast ;  pv,  primitive  groove  ;  yh,  yoke  of  germinal  wall, 

cells  is  developed  between  the  epiblast  and  hypoblast,  the  mesoderm  or  mesoblast 
(fig.  662,  I),  which  soon  extends  over  the  embryonal  area,  and  into  the  blastoderm. 

[There  has  been  much  discus- 
sion  as  ta  the  origin  of  the 
mesoblast,  but  in  vertebrates 
it  seems  to  be  originally  de- 
veloped from  the  hypoblast. 
Fig.  663  shows  a  portion  of 
^.«p.Tn.  the  hypoblast  in  its  axial  part, 
in  process  of  forming  the  noto- 
chord,  which  is  described  as 
Fig.  663.  mesoblastic]  Blood-vessels 

Transverse  section  of  an  embyro  newt     a,  meseuteron  ;        formed  within  the  meso- 
aa;. /»/,  axial  hvpoblast,  ronnmg  the  notochord  :  oc,  coelom  ,  ,    ,        ,         t  ^  -i    .  i 
or  body-cavity  ;  ep,  epiblast  f       digestive  hypoblast ;  ^last,  and  are  distributed  over 
som,  somatic  mesoblast ;         splanchnic  mesoblast ;  np,  the  blastoderm  to  form  the 
neural  plate.  area  vasculosa. 

Medullary  Groove. — A  longitudinal  groove,  the  medullary  groove,  is  formed  at 
the  anterior  part  of  the  embryonal  shield,  but  it  gradually  extends  posteriorly, 
embracing  the  anterior  part  of  the  primitive  streak  with  its  divided  posterior  end, 
while  the  primitive  streak  itself  gradually  becomes  relatively  and  absolutely  smaller 
and  less  distinct,  until  it  disappears  altogether  (fig.  661,  I,  and  II,  Pr). 

The  position  of  the  embryo  is  indicated  by  the  central  part  becoming  more 
transparent, — the  area  pellucida, — which  is  surrounded  by  a  more  opaque  part — 
the  area  opaca.  [The  area  opaca  rests  directly  upon  the  white  yelk  in  the  fowl, 
and  it  takes  no  share  in  the  formation  of  the  embryo,  but  gives  rise  to  structures 
which  are  temporary,  and  are  connected  with  the  nutrition  of  the  embryo.  The 
embryo  is  formed  in  the  area  pellucida  alone.] 

From  the  epiblast  [neuro-epidermcd  layer-]  are  developed  the  central  nervous 
system  and  epidermal  tissues,  including  the  epithelium  of  the  sense-organs. 

Fi'om  the  mesoblast  are  formed  most  of  the  organs  of  the  body  [including  the 
vascular,  muscular,  and  skeletal  systems,  and,  according  to  some,  the  connective- 
tissue.    It  also  gives  rise  to  the  generative  glands  and  excretory  organs] . 

From  the  hypoblast  epithelio-glandular  layer  [which  is  the  secretory  layer],  arise 
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the  intestinal  epithelium,  and  that  of  the  glands  which  open  into  intestine.  The 
notochord  is  also  formed  from  its  axial  portion.  [The  mouth  and  anus  being 
formed  by  an  in]nishing  of  the  ei)iblast,  are  lined  by  epiblast,  and  are  sometimes 
called  the  stomodaeum  and  proctodaeum  respectively.] 

[Structure  of  the  Blastoderm  (fig.  664).— Originally  it  is  composed  of  only  two 
layers,  and  in  a  vertical  section  of  it  the  epiblast  consists  of  a  single  row  of 
nucleated  granular  cells, 
arranged  side  by  .side, 
with  their  long  axes  placed 
vertically.  The  hypoblast 
consists  of  larger  cells  ^'C 
than  the  foregoing,  al-  V  ' 
though  they  vary  in  size.  ^  :  . 
They  are  spherical  and  vli^v^^  •  '  ii 
very  granular,  so  that  no 

nucleus  is  visible  in  them.  jrig_  qq^^ 

The  cells  form  a  kind  of  Vertical  section  of  part  of  the  unincubated  blastoJerm  of  a  hen. 
network,  and  occur  in  «,  ejiiblast ;  b,  hypoblast ;  c,  formative  cells  resting  ou  white 
more  than  one  layer,  espe-      3'^^^  >  f>  archenteron. 

cially  at  the  periphery.    It  rests  on  white  yelk,  and  under  it  are  large  spherical 

refractive  cells,  spoken  of  as  formative  cells  (c).] 

The  cells  of  the  epiblast,  and  especially  those  of  the  liypoblast,  nourish  themselves  by  the 
direct  absorption  and  incorporation  of  the  constituents  of  tlie  yelk  into  themselves.  The 
amceboid  movements  of  these  cells  play  a  part  in  the  process  of  absorption.  The  absorbed 
particles  are  changed,  or,  as  it  were,  digested  within  the  cells,  and  the  product  used  in  the 
processes  of  growth  and  development  {Kollmann). 

440.  STRUCTURES  FORMED  FROM  THE  EPIBLAST. —Laminae  Dor- 
sales.— The  medullary  groove  upon  the  epiblast  (also  called  outer,  serous,  sensorial, 
corneal,  or  animal  layer)  becomes  deeper  (fig.  66.5,  II).  The  two  longitudinal 
elevations  or  laminae  dorsales  consist  of  a  thickening  of  the  epiblast,  and  grow  up 
over  the  medullary  groove,  to  meet  each  other  and  coalesce  by  their  free  edges  in 
the  middle  line  posteriorly.  Thus,  the  open  groove  is  changed  into  a  closed  tube 
— the  medullary  or  neural  tube  (III).  The  cells  next  the  lumen  of  the  tube 
ultimately  become  the  ciliated  epithelium  lining  the  central  canal  of  the  spinal 
cord,  while  the  other  cells  of  the  nipped-off  portion  of  the  epiblast  form  the 
ganglionic  part  of  the  central  nervous  system  and  its  processes. 

Primary  Cerebral  Vesicles. — [The  laminai  dorsales  unite  first  in  the  region  of  the 
neck  of  the  embryo,  and  soon  this  is  followed  by  the  union  of  those  over  the  future 
head.]  The  medullary  tube  is  not  of  uniform  diameter,  for  at  the  anterior  end  it 
becomes  dilated  and  mapped  out  by  constrictions  into  the  primary  vesicles  of  the 
brain,  which  at  first  are  arranged,  one  behind  the  other,  in  the  following  order, 
each  one  being  smaller  than  the  one  in  front  of  it : — the  fore-brain  (representing 
the  structures  from  which  the  cerebral  hemispheres  are  developed) ;  the  mid-brain 
(corpora  quadrigemina) ;  the  hind-brain  (cerebellum) ;  and  the  after-brain 
(medulla  oblongata),  which  is  gradually  continued  into  the  spinal  cord  (IV  and  V). 
The  posterior  part  of  the  medullary  tube  has  a  dilatation  at  the  lumbar  enlarge- 
ment. In  birds,  the  medullary  groove  remains  open  in  this  situation  to  form  a 
lozenge-shaped  dilatation,  the  sinus  rhomboidalis. 

Cranial  Flexures. — The  anterior  part  of  the  medullary  tube  curves  on  itself, 
especially  at  the  junction  of  the  spinal  cord  and  oblongata,  between  the  mid-brain 
and  hind-brain,  and  again  almost  at  right  angles  between  the  fore-brain  and  mid- 
brain. [Thus,  a  displacement  of  the  primary  vesicles  is  produced,  and  the  head  of 
the  future  embryo  is  mapped  off.]  At  first  all  the  cerebral  vesicles  are  devoid  of 
convolutions  and  sulci.    On  each  side  of  the  fore-brain  there  grows  out  a  stalked 
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hollow  vesicle  (VI),  tlie  primary  optic  vesicle.  The  remaindei-  of  the  epiblast 
forms  the  epidermal  covering  of  the  body.  At  an  early  period  we  can  distinguish 
the  stratum  corneum  and  the  Malpighian  layer  of  the  skin  (§  283) ;  from  the 
former  are  developed  the  hairs,  nails,  feathers,  itc. 


Fig.  665. 


I,  The  three  layers  of  the  blastoderm  of  a  mammalian  ovum — Z,  zona  pellucida;  E,  epiblast ;  vi, 
mesoblast  ;  e,  hypoblast.  II,  Section  of  an  embryo,  with  six  protovertebraj  at  the  1st  day 
— M,  medullary  groove  ;  h,  somatopleure  ;  U,  protovertebra  ;  c,  chorda  dorsalis  ;  S,  the 
lateral  plates  divided  into  two  ;  c,  hypoblast.  Ill,  Section  of  an  embryo  chick  at  the  2nd 
day  in  the  region  behind  the  heart — M,  medullary  groove  ;  h,  outer  part  of  somatopleure  ; 
V,  protovertebra  ;  c,  chorda  ;  to;  Wolffian  duct ;  K,  ccelom  ;  ,t,  inner  part  of  somatopleure; 
y,  inner  part  of  splanchnopleure  ;  A,  amniotic  fold  ;  a,  aorta  ;  c,  hypoblast.  IV,  Scheme 
of  a  longitudinal  section  of  an  early  embryo.  Y,  Scheme  of  the  formation  of  the  head-  and 
tail-folds — r,  head-fold  ;  D,  anterior  extremity  of  the  future  intestinal  tract ;  S,  tail-fold, 
first  rudiment  of  the  cavity  of  the  rectum.  VI,  Scheme  of  a  longitudinal  section  through 
an  embryo  after  the  formation  of  the  head-  and  tail-folds— A  o,  omphalo-mesenteric  arteries; 
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contains  small  pale  cells  ;  the; 
ultimately  forms  a  continuous 


V  0,  omplialo-mesenteric  veins;  a,  position  of  the  allantois  ;  A,  amniotic  fold,  VII, 
Scheme  of  a  longitudinal  section  through  a  human  ovum — Z,  zona  pellucida  ;  S,  serous 
cavity  ;  r,  union  of  the  amniotic  folds  ;  A,  cavity  of  the  amnion  ;  a,  allantois  ;  N,  um- 
bilical vesicle  ;  m,  mesoblast ;  h,  heart ;  U,  primitive  intestine.  VIII,  Schematic  trans- 
verse section  of  the  pregnant  uterus  during  the  formation  of  the  placenta  ;  U,  nmscular 
wall  of  the  uterus  ;  p,  uterine  mucous  membrane,  or  decidua  vera  ;  b,  maternal  part  of  the 
placenta,  or  decidua  serotina  ;  r,  decidua  reHexa  ;  ch,  clioriou  ;  A,  amnion  ;  n,  uml)ilicai 
cord  ;  a,  allantois,  with  the  urachus  ;  N,  umbilical  vesicle,  with  D,  the  omphalo-mesen- 
teric  duct ;  t  t,  openings  of  the  Fallopian  tubes  ;  G,  canal  of  the  cervix  uteri.  IX,  Scheme 
of  a  human  embryo,  with  the  visceral  arches  still  persistent — A,  amnion  ;  V,  fore-brain  ; 
M,  mid-brain  ;  H,  hind-brain  ;  N,  after-brain  ;  U,  primitive  vertebrte  ;  a,  eye  ;  p,  nasal 
pits  ;  S,  frontal  process  ;  y,  internal  nasal  process  ;  11,  external  nasal  process  ;  r,  su])erior 
maxillary  process  of  the  1st  visceral  arch  ;  1,  2,  3,  and  4,  the  four  visceral  arches,  with  the 
visceral  clefts  between  tliem  ;  0,  auditory  vesicle  ;  h,  heart,  with  e,  primitive  aorta,  which 
divides  into  five  aortic  arches  ;  /,  descending  aorta  ;  om,  omphalo-mesenteric  artery  ;  h,  the 
omphalo-mesenteric  arteries  on  the  umbilical  vesicle  ;  c,  omphalo-mesenteric  vein  ;  L,  liver, 
with  vente  advehentes  and  revehentes  ;  D,  intestine  ;  i,  inferior  cava  ;  T,  coccyx  ;  all, 
allantois,  with  ~,  one  umbilicul  artery,  and  ,v,  au  umbilical  vein. 

over  the  other.    The  upper  layer  or  epiblast  is  the  larger,  and 
lower  layer,  or  hypoblast,  which  at  first  is  not  a  continuous  layer, 
layer,  but  its  periphery  is  smaller  than 
the  upper  layer,  while  its  cells  are 
larger  and  more  granular. 

Between  the  epiblast  and  hypoblast 
thei'e  is  formed,  from  the  primitive 
streak  as  a  product  of  cell-proliferation, 
the  mesoblast,  which  is  said  by  Kiil- 
liker  to  be  due  to  the  division  of  the 
cells  of  the  epiblast.  It  gradually  ex- 
tends in  a  peripheral  direction  between 
the  two  other  layers.  All  the  three 
layers  grow  at  their  periphery.  In 
the  mesoblast  blood-vessels  are  de- 
veloped. All  the  three  layers,  as  they 
grow,  come  ultimately  to  enclose  the 
yelk,  so  that  their  margins  come  to- 
gether at  the  opposite  pole  of  the  yelk. 

441.  STRUCTURES  FORM- 
ED FROM  THE  MESOBLAST 
AND  HYPOBLAST.— Themeso- 
blast  (vascular  layer  or  middle 
layer)  forms  immediately  under 
the  medullary  groove,  a  cylindri- 
cal cellular  cord,  the  chorda  dor- 
salis,   or  notochord,  which  is 
thicker  at  the  tail  than  at  the 
cephalic  end  (fig.  665,  II,  III,  c). 
It  is  present  in  all  vertebrata,  and 
also  in  the  larval  form  of  the 
ascidians,  but  in  the  latter  it  dis- 
appears in  the  adult  form  {Kowa- 
lexvshy).    In  man  it  is  relatively 
small.    It  forms  the  basis  of  the 
bodies  of  the  vertebrae,  and  around 
it,  as  a  central  core,  the  substance 
of  the  bodies  of  the  vertebrae  is 
deposited,  so  that  they  are  strung 
on  it,  as  it  were,  like  beads  on  a 
string.    After  it  is  formed,  it  becomes  surrounded  by  a  double  sheath-like  covering 
( Gegenbaur,  Kolliker). 


Fig.  666. 

Embryo  fowl  of  the  2nd  day,  x  50. 
area  pellucida  ;  Hh,  hind-brain 


Ao,  area  opaca 
Wi,  mid-brain 


Ap, 
VJi, 


fore-brain 
where  the 


om,  omplialo-mesenteric  veins  ;  omr,  point 
closure  of  the  neural  groove  is  travelling 
backwards  with  the  protovertebraj ;  Vio,  muscle-plates ; 
Rf,  posterior  part  of  widely-open  neural  groove  ;  Eio, 
neural  ridge  ;  vAf,  anterior  amniotic  fold. 
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The  recent  observations  of  L.  Gerlacli  and  Strahl  show  that  the  chorda  dorsalis  is  derived 
Ironi  the  hypohlast  (Hg.  663).    It  does  not  contain  chondrin  or  glutin,  luit  alLumiii  {Iklzius). 

ProtovertebrsB. — The  cells  of  the  mesoblast,  on  each  side  of  the  chorda, 
arrange  themselves  into  cubical  masses,  always  disposed  in  pairs  behind  each  other, 
the  protovertebrae  (fig.  665,  U  and  u).  The  first  pair  correspond  to  the  atlas. 
At  a  later  period  each  protovertebra  shows  a  marginal  cellular  area  and  a  nuclear 
area  (fig.  665).  Only  part  of  it  goes  to  form  a  future  vertebra.  The  part  of  the 
mesoblast  lying  external  to  the  protovertebrie,  the  lateral  plates  (fig.  665,  II,  s), 
splits  into  two  layers,  an  upper  one  and  a  lower  one,  which,  however,  are  united 
by  a  median  plate  at  the  protovertebrte.  The  space  between  the  two  layers  of  the 
mesoblast  is  called  the  pleuro-peritoneal  cavity,  or  the  coelom  of  Haeckel  (III,  K). 
The  upper  layer  of  the  lateral  plate  becomes  united  to  the  epiblast,  and  forms 
the  cutaneo-muscular  plate  of  German  authors,  or  the  somatopleure  (fig.  665, 
III,  x;  fig.  667,  so),  while  the  inner  one  unites  with  the  hypoblast  to  form  the 
intestinal  plate  of  German  authors,  or  the  splanchnopleure  (fig.  665,  III,  i/ ;  fig. 
667,  sp).  On  the  surfaces  of  these  plates,  which  are  directed  towards  each  other, 
the  endothelium  lining  the  pleuro-peritoneal  cavity  is  developed.    On  the  surface 


Fig.  667. 

Transverse  section  of  an  embryo  duck,    am,  amnion  ;  ao,  aorta  ;  ca.v,  cardinal  vein  ;  ch,  noto- 
.  chord  ;  hy,  hypoblast ;  ms,  muscle-plate  ;  so,  somatopleure  ;  sp,  splanchnopleure  ;  sp  c 
spinal  cord  ;  sp.g,  spinal  ganglion  ;  st,  segmental  tube  ;  tvd,  Wolffian  (segmental)  duct.  ' 

of  the  median  plate,  directed  towards  the  coilom,  some  cylindrical  cells,  the 
"  germ-epithelium  "  of  Waldeyer,  remain,  which  form  the  ovarian  tubes  and  the 
ova  (§  438). 

According  to  Remak,  the  skin,  the  muscles  of  the  trunk,  and  the  blood-vessels  and  according 
to  His,  only  the  musculature  of  the  trunk,  are  derived  from  the  somatopleure.  Both  observers 
agree  that  the  splanchnopleure  furnishes  the  musculature  of  tlie  intestinal  tract. 

Parablastic  and  Archiblastic  Cells.— According  to  His,  the  blood-vessels 
blood,  and  connective-tissue  are  not  developed  from  true  mesoblastic  cells,  but  he 
asserts  that  for  this  purpose  certain  cells  wander  in  from  the  margins  of  the  blasto- 
derm between  the  epiblast  and  hypoblast,  these  cells  being  derived  from  outside  the 
position  of  the  embryo,  from  the  elements  of  the  white  yelk.  His  calls  these  struc- 
tures 2mraUastic,  in  opposition  to  the  archihlmtic,  which  belong  to  the  three  layers 
of  the  embryo.    Waldeyer  also  adheres  to  the  parablastic  structure  of  blood  and 
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connective-tissue,  but  he  assumes  that  the  material  from  which  the  latter  is  formed 
is  continuous  protoplasm,  and  of  equal  value  with  the  elements  of  the  blastoderm. 

The  hypoblast  does  not  undergo  any  change  at  this  time ;  it  applies  itself  to 
the  inner  layer  of  the  mesoblast,  as  a  single  layer  of  cells,  to  form  the  splanchno- 
pleure. 

442.  FORMATION  OF  EMBRYO,  HEART,  PRIMITIVE  CIRCULATION. 

—Head- and  Tail-Folds.  — I  "p  to  this  time  the  embryo  lies  with  its  three  layers 
in  the  plane  of  the  layers  themselves.  The  cephalic  end  of  the  future  embryo  is 
first  raised  above  the  level  of  this  plane  (fig.  665,  V).  In  front  of,  and  under  the 
head,  there  is  an  inflection  or  tucking-in  of  the  layers,  which  is  spoken  of  as  the 
head-fold  (V,  ?•).  [It  gradually  travels  backwards,  so  that  the  embryo  is  raised 
above  the  level  of  its  surroundings.]  The  raised  cephalic  end  is  hollow,  and  it 
communicates  with  the  space  in  the  interior  of  the  umbilical  vesicle.  The  cavity 
in  the  head  is  spoken  of  as  the  head-gut  or  fore-gut  (V,  D).  The  formation  of 
the  fore-gut,  by  the  elevation  of  the  head  from  the  plane  of  the  three  layers,  occurs 
on  the  second  day  in  the  chick,  and  in  the  tjog  on  the  22nd  day.  The  tail-fold  is 
formed  in  precisely  the  same  way,  in  the  chick  on  the  3rd  day,  and  in  the  dog 
on  the  22nd  day.  The  tail-fold,  S,  also  is  hollow,  and  the  space  within  it  is 
the  hind-gut,  d.  Thus,  the  body  of  the  embryo  is  supported  or  rests  on  a  hollow 
stalk,  which  at  first  is  wide,  and  communicates  with  the  cavity  of  the  umbilical 
vesicle.  This  duct  or  communication  is  called  the  omphalo-mesenteric  duct,  or 
the  vitello-intestinal  or  vitelline  duct.  The  saccular  vesicle  attached  to  it  in 
mammals  is  called  the  umbilical  vesicle  (VII,  N),  while  the  analogous  much 
larger  sac  in  birds,  which  contains  the  yellow  nutritive  yelk,  is  called  the  yelk-sac. 
The  omphalo-mesenteric  or  vitelline  duct  in  course  of  time  becomes  narrower,  and 
is  ultimately  obliterated  in  the  chick  on  the  5th  day.  The  point  where  it  is  con- 
tinuous with  the  abdominal  wall  is  the  abdominal  umbilicus,  and  where  it  is  in- 
serted into  the  primitive  intestine,  the  intestinal  umbilicus. 

[Sometimes  part  of  the  vitelline  duct  remains  attached  to  the  intestine,  and  may  prove 
dangerous  by  becoming  so  displaced  as  to  constrict  a  loop  of  intestine,  and  thus  cause  strangu- 
lation of  the  gut.] 

Heart. — Before  this  process  of  constriction  is  complete,  some  cells  are  mapped 
off  from  that  part  of  the  splanchnopleure  which  lies  immediately  under  the  head- 
gut  ;  this  indicates  the  position  of  the  heart,  which  appears  in  the  chick  at  the  end 
of  the  first  day,  as  a  small,  bright  red,  rhythmically  contracting  point,  the  punctunt 
saliens,  or  the  a-riyix-q  KLvov/xevrj  of  Aristotle.    In  mammals  it  appears  much  later. 

The  heart,  VI,  begins  first  as  a  mass  of  cells,  some  of  which  in  the  centre  dis- 
appear to  form  a  central  cavity,  so  that  the  whole  looks  like  a  pale  hollow  bud 
(originally  a  pair)  of  the  splanchnopleure.  The  central  cavity  soon  dilates;  itgrow's, 
and  becomes  suspended  in  the  coelom  by  a  duplicature  like  a  mesentery  (meso- 
cardium),  while  the  space  which  it  occupies  is  spoken  of  as  the  fovea  cardica.  The 
heart  now  assumes  an  elongated  tubular  form,  with  its  aortic  portion  directed 
forwards,  and  its  venous  end  backward;  it  then  undergoes  a  slight /-shaped  curve 
(fig.  675,  1).  From  the  middle  of  the  2nd  day,  the  heart  begins  to  beat  in  the 
chick,  at  the  rate  of  about  40  beats  per  minute.  [It  is  very  important  to  note 
that  at  first,  although  the  heart  beats  rhythmically,  it  does  not  contain  any  nerve- 
cells.] 

From  the  anterior  end  of  the  heart,  there  proceeds  from  the  bulbus  aortEe,  the 
aorta  which  passes  forward  and  divides  into  two  primitive  aortse,  which  then 
curve  and  pass  backwards  under  the  cerebral  vesicles,  and  run  in  front  of  the  proto- 
vertebrse.  Opposite  the  omphalo-mesenteric  duct,  each  primitive  aorta  in  the 
chick  sends  off  one,  in  mammals  several  (dog  4  to  5),  omphalo-mesenteric  arteries 
(VI,  A,  0),  which  spread  out  to  form  a  vascular  network  within  the  mesoblast  of  the 
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umbilical  vesicle.  From  this  network,  there  arise  the  omphalo-mesenteric  veins, 
which  run  backwards  on  the  vitelline  duct,  and  end  by  two  trunks  in  the  venous  end 
of  the  tubular  heart.  In  the  chick,  these  veins  arise  from  the  sinus  terminalis  of  the 
future  vena  terminalis  of  the  area  vasculosa.  Thus,  the  first  or  primitive  Circu- 
lation is  a  closed  .system,  and  functionally  it  is  concerned  in  carrying  nutriment  and 
oxygen  to  the  embryo.  In  the  bird,  the  latter  is  supplied  through  the  porous  shell, 
and'^the  former  is  supplied  up  to  the  end  of  incubation  by  the  yelk.  In  mammals, 
both  are  supplied  by  the  blood-vessels  of  the  uterine  mucous  membrane  to  the  ovum. 
In  birds,  owing  to  the  absorption  of  the  contents  of  the  yelk-sac,  the  vascular  area 
steadily  diminishes,  until  ultimately,  towards  the  end  of  the  period  of  incubation, 
the  shrivelled  yelk-sac  slips  into  the  abdominal  cavity.  In  mammals,  the  circula- 
tion on  the  umbilical  vesicle,  i.e.,  through  the  omphalo-mesenteric  vessels,  soon 
diminishes,  while  the  umbilical  vesicle  itself  shrivels  to  a  small  appendix,  and  the 
second,  circulation  is  formed  to  replace  the  omphalo-mesenteric  system.  The  first 
blood-vessels  are  formed  in  the  chick,  in  the  area  vasculosa,  outside  the  position 
of  the  embryo,  at  the  last  quarter  of  the  first  day,  before  any  part  of  the  heart  is 
visible.  The  blood-vessels  begin  in  vaso  formative  cells  [constituting  the  "  blood- 
islands  "  of  Pander].    At  first  they  are  solid,  but  they  soon  become  hollow  (§  7,  A). 

A  nan-ow-meshed  plexus  of  lymphatics  is  formed  in  tlie  area  vasculosa  of  the  chick  {His),  and 
it  communicates  with  the  amniotic  cavity  {A.  Budge). 

443.  FORMATION  OF  THE  BODy.— Body-WaU.— (1)  The  ccelom,  or 
pleuro-peritoneal  cavity,  becomes  larger  and  larger,  while  at  the  same  time,  the 
difference  between  the  body-wall  and  the  wall  of  the  intestine  becomes  more  pro- 
nounced. The  latter  becomes  more  separated  from  the  protovertebrse,  as  the 
middle  plate  begins  to  be  elongated  to  form  a  mesentery.  The  body-wall,  or 
somatopleure,  composed  of  the  epiblast  and  the  outer  layer  of  the  cleft  mesoblast, 
becomes  thickened  by  the  ingrowth  into  it  of  the  muscular  layer  from  the  muscle- 
plate,  and  the  position  of  the  bones  and  the  spinal  nerves  from  the  protovertebrse. 
These  grow  between  the  epiblast  and  the  outer  layer  of  the  mesoblast  {RemaJc). 
[The  somatopleure,  or  parietal  lamina,  from  each  side  grows  forward  and  tow-ards 
the  middle  line,  where  they  meet  to  form  the  body -wall,  while  at  the  same  time, 
the  splanchnopleure,  or  visceral  lamina,  on  each  side  also  grow  and  meet  in  the 
middle  line,  and  when  they  do  so,  they  enclose  the  intestine.  Thus,  there  is  one 
tube  within  the  other,  and  the  space  between  is  the  pleuro-peritoneal  cavit3\] 

(2)  Vertebral  Column. — A  dorsally  placed  structure,  called  the  muscle-plate 
(fig.  667,  ms.),  is  differentiated  from  each  of  the  protovertebrte ;  the  remainder  of 
the  protovertebra,  the  protovertebra  proper,  coalesces  with  that  on  the  other  side, 
so  that  both  completely  surround  the  chorda,  to  form  the  membrana  reuniens 
inferior,  in  the  chick  on  the  3rd,  and  in  the  i-abbit  on  the  10th  day,  while,  at  the 
same  time,  they  close  over  the  medullary  tube  dorsally,  in  the  chick  at  the  4th 
day,  to  form  the  membrana  reuniens  superior  (Reichert).  Thus,  there  is  a  union 
of  the  masses  of  the  protovertebree  in  fro7it  of  the  medullary  tube,  which  encloses 
the  chorda,  and  represents  the  basis  of  the  bodies  of  all  the  vertebrai,  whilst  the 
membrana  reuniens  superior,  pushed  between  the  muscle-plates  and  the  epiblast  on 
the  one  hand  and  the  medullary  tube  on  the  other,  represents  the  position  of  the 
entire  vertebral  lamince  as  well  as  the  intervertebral  ligaments  between  them.  In 
some  rare  cases  the  membrana  reuniens  superior  is  not  developed,  so  that  the 
medullary  tube  is  covered  only  by  the  epiblast  (epidermis),  either  throughout  its 
entire  extent,  or  at  certain  parts.  This  constitutes  the  condition  of  spina  bifida 
or,  when  it  occurs  in  the  head,  hemicephalia.  The  vertebral  column  at  this 
membranous  stage  is  in  the  same  condition  as  the  vertebral  column  of  the  cyclo- 
stomata  (Petromyzon).  The  membranes  of  the  spinal  cord,  the  spinal  ganglia,  and 
spinal  nerves  are  formed  from  the  membrana  reuniens  superior. 


VISCERAL  CLEFTS  AND  xVRCHES. 


871 


Lastly,  parts  of  the  somatopleures  also  grow  towards  the  middle  line  of  the  back, 
and  insinuate  themselves  between  the  muscle-plate  and  the  epiblast;  thus,  the 
dorsal  skin  is  formed  {Eemak). 

In  the  membranous  vertebral  column,  there  are  formed  the  several  cartilaginous 
vertebrre,  the  one  behind  the  other,  in  man  at  the  6th  to  7th  week,  although  at 
first  they  do  not  form  closed  vertebral  arches ;  the  latter  are  closed  in  man  about 
the  4th  month.  Each  cartilaginous  vertebra,  however,  is  not  formed  from  a  pair 
of  protovertebrse,  i.e.,  the  6th  cervical  vertebra  from  the  6th  pair  of  protovertebrtt, 
but  there  is  a  new  subdivision  of  the  vertebral  column,  so  that  the  lower  half  of 
the  preceding  protovertebra  and  the  upper  half  of  the  succeeding  protovertebra 
unite  to  form  the  final  vertebra.  While  the  bodies  are  becoming  cartilaginous  the 
chorda  becomes  smaller,  but  it  still  remains  larger  in  the  intervertebral  discs.  The 
body  of  the  first  vertebra  or  atlas  unites  with  that  of  the  axis  to  form  its  odontoid 
process,  and  in  addition  it  forms  the  arcus  anterior  atlantis  and  the  transverse 
ligament  (Uasse).  The  chorda  can  be  followed  upwards  through  the  ligamentum 
suspensorium  dentis  as  far  as  the  posterior  part  of  the  sphenoid  bone. 

The  histogenetic  formation  of  cartilage  from  the  indifferent  formative  cells  takes  place  bj' 
»livision  and  growth  of  the  cells,  nntil  they  ultimately  form  clear  nucleated  sacs.  The  cement 
substance  is  probably  formed  liy  the  outer  parts  of  the  cells  (parietal  substance)  uniting  and 
secreting  the  intercellular  substance.  It  is  supposed  by  some  that  the  lattei'  contains  fine 
canals,  which  connect  the  protoplasm  of  the  adjoining  cells. 

Visceral  Clefts  and  Arches. — Each  side  of  the  cervical  region  contains  four 
slit-like  openings — the  visceral  clefts  or  branchial  openincjs  {Rathke);  in  the  chick, 
the  upper  three  are  formed  at  the  3rd,  and  the  fourth  on  the  4th  day.  Above  the 
slits  are  thickenings  of  the  lateral  wall,  which  constitute  the  visceral  or  branchial 
arches  (fig.  671).  The  clefts  are  formed  by  a  perforation  from  the  fore-gut,  but 
this,  perhaps,  does  not  always  occur  in  the  chick,  mammal,  and  man  (His),  and 
they  are  lined  by  the  cells  of  the  hypoblast.  On  each  side  in  each  visceral  arch, 
i.e.,  above  and  below  each  cleft,  there  runs  an  aortic  arch,  five  on  each  side 
(fig.  665,  IX).  These  aortic  arches  persist  in  fishes.  In  man,  all  the  slits  close, 
except  the  uppermost  one,  from  which  the  auditory  meatus,  the  tympanic  cavity,  and 
the  Eustachian  tube  are  developed.  The  four  visceral  arches  are  for  the  most  part 
made  use  of  later  for  other  formations  (p.  879). 

Primitive  Mouth  and  Anus. — Immediately  under  the  fore-brain,  in  the  middle 
line,  is  a  thin  spot,  where  there  is  at  first  a  small  depression,  and  ultimately  a 
rupture,  forming  the  primitive  oral  aperture,  which  represents  both  the  mouth 
and  the  nose.  Similarly,  there  is  a  depression  at  the  caudal  end,  and  the  depres- 
sion ultimately  deepens,  thus  communicating  with  the  hind-gut  to  form  the  anus. 
When  the  latter  part  of  the  process  is  incomplete,  there  is  atresia  ani,  or  imper- 
forate anus.  Several  processes  are  given  off  from  the  primitive  intestine,  including 
the  hypoblast  and  its  muscular  layers,  to  form  the  lungs,  the  liver,  the  pancreas, 
the  caecum  (in  birds),  and  the  allantois. 

The  extremities  appear  at  the  sides  of  the  body  as  short  unjointed  stumps  or 
projections  at  the  3rd  or  4th  week  in  the  human  embryo. 

444.  AMNION  AND  ALLANTOIS.— Amnion.— During  the  elevation  of  the 
embryo  from  its  surroundings,  immediately  in  front  of  the  head  (at  the  end  of  the 
2nd  day  in  the  chick),  there  rises  up  a  fold  consisting  of  the  epiblast  and  the  outer 
layer  of  the  mesoblast,  which  gradually  extends  to  form  a  sort  of  hood  over  the 
cephalic  end  of  the  embryo  (fig.  665,  VI,  A).  In  the  same  Avay,  but  somewhat 
later,  a  fold  rises  at  the  caudal  end,  and  between  both  along  the  lateral  borders 
similar  elevations  occur,  the  lateral  folds  (fig.  665,  III,  A).  All  these  folds  grow- 
over  the  back  of  the  embryo  to  meet  over  the  middle  line  posteriorly,  where  they 
unite  at  the  3rd  day,  in  the  chick,  to  form  the  amniotic  sac.    Thus,  a  cavitT/  which 
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becomes  filled  with  fluid— the  amniotic  fluid— is  developed  around  the  embryo 
[so  that  the  embryo  really  floats  in  the  fluid  of  the  amniotic  sac].  In  mammals 
also,  the  amnion  is  developed  very  early,  just  as  in  birds  (fig.  665,  VII,  A). 
From  the  middle  of  pregnancy  onwards,  the  amnion  is  applied  directly  to  the 
chorion,  and  united  to  it  by  a  gelatinous  layer  of  tissue,  the  tunica  media  of 
Bischoff. 

Amniotic  Fliud.— The  amnion,  and  the  allantois  as  well,  are  formed  only  in  mammals, 
birds,  and  reptiles,  which  have  hence  been  called  amniota,  while  the  lower  vertebrates,  which 
are  devoid  of  an  amnion,  are  called  anamnia.  Composition.— The  amniotic  fluid  is  a  cleai', 
serous,  alkaline  fluid,  specific  gravity  1007  to  1011,  containing,  besides  epithelium,  lanugo 
hairs,  i  to  2  per  cent,  of  fixed  solids.  Amongst  the  latter  are  albumin  (tV  to  ^  per  cent.), 
mucin, 'globulin,  a  vitelline-like  body,  some  grape-sugar,  urea,  ammonium  carbonate,  very 
probablv  derived  from  the  decomposition  of  urea,  sometimes  lactic  acid  and  kreatinin,  calcic 
sulphate  and  idiosphate,  and  common  salt.  About  the  middle  of  pregnancy,  it  amounts  to 
about  1-1 -.5  kilo.  [•2-2-3-3  lbs.],  and  at  the  end  about  0-5  kilo.  The  amniotic  fluid  is  of  fa-tal 
origin,  as  is  shown  by  its  occurrence  in  l)irds,  and  is,  perhaps,  a  transudation  through  the 
fcetal  membranes.  In  mammals,  the  uiine  of  the  fcetus  forms  part  of  it  during  the  second 
half  of  pregnancy  {Gusscroiv).  In  the  pathological  condition  of  hydramnion,  the  blood-vessels 
of  the  uterine  mucous  membrane  secrete  a  watery  fluid.  The  fluid  preserves  the  fa-tus,  and  also 
the  vessels  of  the  fcetal  membranes  from  mechanical  injuries  ;  it  permits  the  liralis  to  move 
freely,  and  protects  them  from  growing  together  ;  and,  lastly,  it  is  important  for  dilating  the 
OS  uteri  during  labour.  The  amnion  is  capable  of  contraction  at  the  7th  day  in  the  chick  ;  and 
this  is  due  to  the  smooth  muscular  fibres  which  are  developed  in  the  cutaneous  plate  in  its 
mesoblastic  portion,  but  nerves  have  not  been  found. 

Allantois. — From  the  anterior  surface  of  the  caudal  end  of  the  embryo,  there 
grows  out  a  small  double  projection,  which  becomes  hollowed  out  to  form  a  sac 
projecting  into  the  cavity  of  the  coelom  or  pleuro-peritoneal  cavity  (fig.  665);  it 
constitutes  the  allantois,  and  is  formed  in  the  chick  before  the  5th  day,  and  in 
man,  during  the  2nd  week.  Being  a  true  projection  from  the  hind-gut,  the 
allantois  has  two  layers,  one  from  the  hypoblast,  and  the  other  from  the  muscular 
layer,  so  that  it  is  an  offshoot  from  the  splanchnopleure.  From  both  sides,  there 
pass  on  to  the  allantois  the  umbilical  arteries  from  the  hypogastric  arteries,  and 
they  ramify  on  the  surface  of  the  sac.  The  allantois  grows,  like  a  urinary  bladder 
gradually  being  distended,  in  front  of  the  hind-gut  in  the  pleuro-peritoneal  cavity 
towards  the  umbilicus ;  and  lastly,  it  grows  out  of  the  umbilicus,  and  projects 
beyond  it  alongside  the  omplialo-mesenteric  or  vitelline  duct,  its  vessels  growing 
with  it  (fig.  665,  VII,  a);  but,  after  this  stage,  it  behaves  difl[erently  in  birds  and 
mammals. 

In  birds,  after  the  allantois  passes  out  of  the  umbilicus,  it  undergoes  great  development,  so 
that  within  a  short  time  it  lines  the  whole  of  the  interior  of  the  shell  as  a  highly  vascular  and 
saccular  membrane.  Its  arteries  are  at  first  brandies  of  the  primitive  aortie,  but  with  the 
development  of  the  posterior  extremities  they  appear  as  branches  of  the  hypogastric  arteries. 
Two  allantoidal,  or  timbilical  veins,  proceed  from  the  numerous  capillaries  of  the  allantois. 
They  pass  backward  through  the  umbilicus,  and  at  first  unite  with  the  omplialo-mesenteric 
veins  to  join  the  venous  end  of  the  heart.  In  birds  this  circulation  on  the  allantois,  or  sccmvd 
circulation,  is  respiratory  in  function,  as  its  vessels  serve  for  the  exchange  of  gases  through  the 
l)orous  shell.  The  circulation  gradually  assumes  the  respiratory  functions  of  the  umbilical 
vesicle,  as  the  latter  gradually  becomes  smaller  and  smaller,  and  ceases  to  be  a  sufficient 
respiratory  organ.  Towards  the  end  of  the  period  of  incubation  the  chick  may  breathe  and 
cry  within  the  shell  {Aristotle)— a.  proof  that  the  respiratory  function  of  the  allantois  is  partly 
taken  over  by  the  lungs.  The  allantois  is  also  the  excretory  organ  of  the  urinary  constituents. 
Into  its  cavity  in  mammals  the  ducts  of  the  j>rimitivc  kidneys,  or  the  Wolffian  duds,  open,  but 
in  birds  and  reptiles,  which  possess  a  cloaca,  these  open  into  the  posterior  wall  of 'the  cloaca. 
The  primitive  kidneys,  or  Wolffian  bodies,  consist  of  many  glomeruli,  and  empty  their  secre- 
tion through  the  WollHan  ducts  into  the  allantois  (in  birds  into  the  cloaca),  and  the  secretion 
passes  through  the  allantois,  per  the  umbilicus,  into  the  peripheral  [)art  of  the  urinary  sac. 
Remak  found  ammonium  and  sodium  urate,  allantoiu,  grape-sugar,  and  salts  in  the  contents  of 
the  allantois.  From  the  8th  clay  onwards,  the  allantois  of  the  chick  is  contractile  ( Vulpian), 
owing  to  the  presence  of  smooth  fibres  derived  from  the  splanchnopleure.  Lymphatics  accom- 
pany the  branches  of  the  arteries  {A.  Budge). 

Allantois  in  Mammals. — In  mammals  and  man,  the  relation  of  the  allantois  is 
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somewhat  different.  The  first  part  or  its  origin  forms  the  urinary  bladder,  and 
from  the  vertex  of  the  latter  there  proceeds  through  the  umbilicus  a  tube,  the 
urachus,  which  is  open  at  first  (fig.  665,  VIII,  a).  Tlie  blind  part  of  the  sac  of 
the  allantois  outside  the  abdomen  is  in  some  animals  filled  with  a  fluid  like  urine. 
In  man,  however,  this  sac  disappears  during  the  2nd  month,  so  that  there  remains 
only  the  vessels  which  lie  in  the  muscular  part  of  the  allantois.  In  some  animals, 
however,  the  allantois  grows  lai'ger,  does  not  shrivel,  but  obtains  through  the 
urachus  from  the  bladder  an  alkaline  turbid  fluid,  which  contains  some  albumin, 
sugar,  urea,  and  allantoin.  The  relations  of  the  umbilical  vessels  will  be  described 
in  connection  with  the  foetal  membranes. 

445.  FCETAL  MEMBRANES,  PLACENTA,  F(ETAL  CIRCULATION.— 
Decidua. — When  a  fecundated  ovum  reaches  the  uterus,  it  becomes  surrounded  by 
a  special  covering,  which  William  Hunter  (1775)  described  as  the  membrana 
decidua,  because  it  was  shed  at  birth.    We  distinguish  the  decidua  vera  (fig.  665, 
VIII,  p),  which  is  merely  the  thickened,  very  vascular,  softened,  more  spongy,  and 
somewhat  altered  mucous  membrane  of  the  uterus.    [Sometimes  in  a  diseased  con- 
dition, as  in  dysmenorrhcea,  the  superficial  layer  of  the  uterine  mucous  membrane  is 
thrown  off  nearly  en  masse  in  a 
triangular  form  (fig.  668).  This 
serves  to  show  the  shape  of  the 
decidua,  which  is  that  of  the 
uterus.]      When    the  ovum 
reaches  the  uterus,  it  is  caught 
in  a  crypt  or  fold  of  the  de- 
cidua, and  from  the  latter  there 
grow  up  elevations  around  the 
ovum;  but  these  elevations  are 
thin,  and  soon  meet  over  the 
back  of  the  ovum  to  form  the 
decidua    reflexa    (fig.  665, 
VIII,  r).    At  the  2nd  to  3rd 
month,  there  is  still  a  space  in 
the  uterus  outside  the  reflexa ; 
in  the  4th  month,  the  whole 
cavity  is  filled  by  the  ovum. 
At  one  part  the  ovum  lies 
directly  upon  the  d.  vera  [and 
that  part  is  spoken  of  as  the 
decidua  serotina],  but  by  far  the  greatest  part  of  the  surface  of  tlie  ovum  is  in 
contact  with  the  reflexa.    In  the  region  of  the  d.  serotina  the  placenta  is  ulti- 
mately formed. 

Structure  of  the  Decidua  Vera. — The  d.  vera  at  the  3rd  month  is  4  to  7  mm.  thick,  and 
at  the  4th  only  1  to  3  mm.,  and  it  no  longer  has  any  epithelium ;  but  it  is  very  vascular,  and 
is  possessed  of  lymphatics  around  the  glands  and  blood-vessels  {Leopold),  and  in  its  loose  suli- 
stance  are  large  round  cells  (decidua  cells— Zo/Zi^cy),  which  in  the  deeper  parts  become  changed 
into  fibre  cells— there  are  also  lymphoid  cells.  The  uterine  glands,  which  become  greatly 
developed  at  the  commencement  of  pregnancy,  at  the  3rd  to  the  4th  month  form  non-cellular, 
wide,  bulging  tubes,  which  become  indistinct  in  the  later  months,  and  in  which  the  e])ithelium 
disappears  more  and  more.  Tlie  d.  reflexa,  nmch  thinner  than  the  vera  from  the  middle  of 
pregnancy,  is  devoid  of  epithelium,  and  is  without  vessels  and  glands.  Towards  the  end  of 
l>regnancy  both  decidupe  unite. 

The  ovum,  covered  at  first  with  small  hollow  villi,  is  surrounded  by  the  decidua. 
From  the  formation  of  the  amnion  it  follows  that,  after  it  is  closed,  a  completely 
closed  sac  passes  away  from  the  embryo  to  lie  next  the  primitive  chorion.  This 
membrane  is  the  "serous  covering"  of  v.  Baer  (fig.  665,  VII,  s),  or  the  false 
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A  dysmenorrhceal  membrane  laid  oi)en. 
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amnion.    It  becomes  closely  applied  to  the  inner  surface  of  the  chorion,  and 

extends   even  into  its  villi.     The   allantois   proceeding   from   the  umbilicus 

comes  to  lie  directly  in  contact  with  the  foetal  membrane ;  its  sac  disappears  about 

the  2nd  month  in  man,  but  its  vascular  layer  grows  rapidly  and  lines  the  whole  of 

the  inner  surface  of  the  chorion,  where  it  is  found  on  the  18th  day  (Caste).  From 

the  4th  week  the  blood-vessels,  along  with  a  covering  of  connective-tissue,  branch 

and  penetrate  into  the  hollow  cavities  of  the  villi,  and  completely  fill  them.  At 

this  time  the  primitive  chorion  disappears.    Thus,  we  have  a  stage  of  general  vascu- 

larisation  of  the  chorion.    In  the  place  of  the  derivative  of  the  zona  pellucida  we 

have  the  vascular  villi  of  the  allantois,  which  are  covered  by  the  ejDiblastic  cells 

derived  from  the  false  amnion.    This  stage  lasts  only  until  the  3rd  month,  when 

the  chorionic  villi  disappear  all  over  that  part  of  the  surface  of  the  ovum  which  is 

in  contact  with  the  decidua  reflexa.    On  the  other  hand,  the  villi  of  the  chorion, 

where  they  lie  in  direct  contact  with  the  decidua  serotina,  become  larger  and  more 

branched.    Thus,  there  is  distinguished  the  chorion  laeve  and  c.  frondosum. 

The  chorion  laeve,  which  consists  of  a  connective-tissue  matrix  covered  externally  by  several 
layers  of  cells,  has  a  few  isolated  villi  at  wide  intervals.  Between  the  chorion  and  the  amnion 
is  a  gelatinous  substance  (membrana  intermedia)  or  undeveloped  connective-tissue. 

Placenta. — The  large  villi  of  the  chorion  frondosum  penetrate  into  the  tissue  of 
the  decidua  serotina  of  the  uterine  mucous  membrane.  [It  was  formerly  supposed 
that  the  chorionic  villi  entered  the  mouths  of  the  uterine  glands,  but  the  researches 
of  Ercolani  and  Turner  have  shown  that,  although  the  uterine  glands  enlarge  during 
the  early  months  of  utero-gestation,  the  villi  do  not  enter  the  glands.  The  villi 
enter  the  crypts  of  the  uterine  mucous  membrane.  The  glands  of  the  inner  layer 
of  the  decidua  serotina  soon  disappear.]    As  the  villi  grow  into  the  decidua 

serotina,  they  push  against 
the  walls  of  the  large  blood- 
vessels, which  are  similar  to 
capillaries  in  structure,  so  that 
the  villi  come  to  be  bathed  by 
the  blood  of  the  mother  in  the 
uterine  sinuses,  or  they  float 
in  the  colossal  decidual  capil- 
laries (fig.  665,  VII,  b).  The 
villi  do  not  float  naked  in  the 
maternal  blood,  but  they  are 
covered  by  a  layer  of  cells 
derived  from  the  decidua. 
Some  villi,  with  bulbous  ends, 
unite  firmly  with  the  tissue  of 
the  uterine  part  of  the  placenta 
to  form  a  firm  bond  of  connec- 
tion. [The  placenta  is  formed 
by  the  mutual  intergrowth  of 
the  chorionic  villi  and  the  de- 
cidua serotina.]  Thus,  it  con- 
sists of  a  foetal  part,  including 

Human  placental  villi.    Blood-vessels  black.  .^ll-'' o^''  ^^.^^terna! 

1     J   . ,  »     ,      .  Uterine  part,  which  is  the 

very  vascular  decidua  serotina.  At  the  time  of  birth,  both  parts  are  so  firmlv 
united  that  they  cannot  be  separated.  Around  the  margin  of  the  placenta  is  a 
large  venous  vessel,  the  viarginal  smns  of  the  placenta.  [Friedlander  found  the 
uterine  sinuses  below  the  placental  site  blocked  by  giant  cells  after  the  8th  month 
of  pregnancy.    Leopold  confirms  this,  and  found  the  same  in  the  serotinal  veins  ] 
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Functions. — The  placenta  is  the  nutritive,  excretory,  and  respiratory  organ  of 
the  fcttus  (§  368) ;  the  latter  receives  its  necessary  pabulum  by  endosmosis  from 
the  maternal  sinuses  through  the  coverings  and  vascular  wall  of  the  villi  in  which 
the  fatal  blood  circulates.    [The  placenta  also  contains  r/lycogen.'] 

[Structure. — A  piece  of  fresh  placenta  teased  in  normal  saline  solution,  shows  the  villi  pro- 
vided with  lateral  offshoots,  and  consistinf;  of  a  connective-tissne  framework,  containing  a 
caj)illary  network  with  arteries  and  veins,  while  the  villi  themselves  are  covered  b}'  a  layer  of 
somewhat  cubical  e])ithelium  (fig.  669).] 

Uterine  Milk. — Between  the  villi  of  the  placenta  there  is  a  clear  fluid,  which 
contains  numerous  small,  albuminous  globules,  and  this  fluid,  which  is  abundant 
in  the  cow,  is  spoken  of  as  the  uterine  milk.  It  seems  to  be  formed  by  the  breaking 
up  of  the  decidual  cells.  It  has  been  supposed  to  be  nutritive  in  function.  [The 
maternal  placenta,  therefore,  seems  to  be  a  secreting  structure,  while  the  fcetal  part 
has  an  absorbing  function.  The  uterine  milk  has  been  analysed  by  Gamgee,  who 
found  that  it  contained  fatty,  albuminous,  and  saline  constituents,  while  sugar  and 
casein  were  absent.] 

The  investigations  of  Walter  show,  that  after  poisoning  pregnant  animals  with  strychnin, 
morphia,  veratrin,  curara,  and  ergotin,  these  substances  are  not  found  in  the  foetus,  altliough 
many  other  chemical  substances  pass  into  it. 

[Savory  found  that  strychnin  injected  into  a  foetus  in  utero  caused  tetanic  convulsions  in  the 
mother  (bitch),  while  syphilis  may  be  communicated  from  the  father  to  the  mother  through  the 
medium  of  the  fcetus  {Hutchinson).  A.  Harvey's  record  of  observations  on  the  crossing  of  breeds 
of  animals — chiefly  of  horses  and  allied  species — show  that  materials  can  pass  from  the  foetus  to 
the  mother.] 

On  looking  at  a  placenta,  it  is  seen  that  its  villi  are  distributed  on  large  areas  separated  from 
each  other  by  depressions.  This  complex  arrangement  might  be  compared  with  the  cotyledons 
of  some  animals. 

The  position  of  the  placenta  is,  as  a  rule,  on  the  anterior  or  posterior  wall  of  the  uterus,  more 
rarely  on  the  fundus  uteri,  or  laterally  from  the  opening  of  the  Fallopian  tube,  or  over  the 
internal  orifice  of  the  cervix,  the  last  constituting  the  condition  of  placenta  praevia,  which  is 
a  very  dangerous  form  of  placental  insertion,  as  the  placenta  has  to  be  ruptured  before  birth 
can  take  place,  so  that  the  mother  often  dies  from  hemorrhage.  The  umbilical  cord  may  be 
inserted  in  the  centre  of  the  placenta  {insertio  centralis),  or  more  towards  the  margin  {ins. 
^aaryiiuxlis),  or  the  chord  may  be  fixed  to  the  chorion  laeve.  Sometimes,  though  rarely,  there 
are  small  subsidiary  placenta?  (pi.  succenturiata),  in  addition  to  the  large  one.  AVhcn  the 
placenta  consists  of  two  halves,  it  is  called  duplex  or  bipartite,  a  condition  said  by  Hyrtl  to  be 
constant  in  the  ajies  of  the  old  world. 

Structure  of  the  Cord. — The  umbilical  cord  (48  to  60  cm.  [20  to  24  inches]  long, 
11  to  13  mm.  thick)  is  covered  by  a  sheath  from  the  amnion.  The  blood-vessels 
make  about  forty  spiral  turns,  and  they  begin  to  appear  about  the  2nd  month. 
[The  cause  of  the  twisting  is  not  well  understood,  but  A^irchow  has  shown  that 
capillaries  pass  from  the  skin  for  a  short  distance  on  the  cord,  and  they  do  so 
unequally,  and  it  may  be  that  this  may  aid  in  the  production  of  the  torsion.]  It 
contains  two  strongly  muscular  and  contractile  arteries,  and  one  umbilical  vein. 
The  two  arteries  anastomose  in  the  placenta  {Hyrtl).  In  addition,  the  cord  contains 
the  continuation  of  the  urachus,  the  hypoblastic  portion  of  the  allantois  (fig.  665, 
VIII,  a),  which  remains  until  the  2nd  month,  but  afterwards  is  much  shrivelled. 
The  omphalo-mesenteric  duct  of  the  umbilical  vesicle  (N)  is  reduced  to  a  thread- 
like stalk  (fig.  665,  VIII,  D).  Wharton's  jelly  surrounds  the  umbilical  blood- 
vessels. Wharton's  jelly  is  a  gelatinous-like  connective-tissue,  consisting  of 
branched  corpuscles,  lymphoid  cells,  some  connective-tissue  fibrils,  and  even  elastic 
fibres.  It  yields  mucin.  It  is  traversed  by  numerous  juice-canals  lined  by  endo- 
thelial cells,  but  other  blood-  and  lymphatic-vessels  are  absent.  Nerves  occur 
3_8_]  1  cm.  from  the  umbilicus  (Sckott,  Valentin). 

The  foetal  circulation,  which  is  established  after  the  development  of  the 
allantois,  has  the  following  course  (fig.  670) :— The  blood  of  the  foetus  passes  from 
the  hypogastric  arteries  through  the  two  umbilical  arteries,  through  the  umbilical 
cord  to  the  placenta,  where  the  arteries  split  up  into  capillaries.    The  blood  is 
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returned  from  the  placenta  by  the  umbilical  vein,  although  the  colour  of  the  blood 
cannot  be  distingixished  from  the  venous  or  impure  blood  in  the  umbilical  arteries. 
The  umbilical  vein  (fig.  673,  3,  u)  returns  to  the  umbilicus,  passes  upwards  under 
the  margin  of  the  liver,  gives  a  branch  to  the  vena  porta^  (a),  and  runs  as  the 

ductus  venosus  into  the  inferior  vena 
cava,  which  carries  the  blood  into  the 
riglit  auricle.    Directed  by  the  Eusta- 
chian valve  and  the  tubercle  of  Lower 
(fig.  675,  6,  tL),  the  great  mass  of  the 
blood  passes  through  the  foramen  ovale 
into  the  left  auricle,  owing  to  the  pre- 
sence of  the  valve  of  the  foramen  ovale. 
From  the  left  auricle  it  passes  into  the 
left   ventricle,  aorta,  and  hypogastric 
arteries,  to  the  umbilical  arteries.  The 
blood  of  the  superior  vena  cava  of  the 
foetus  passes  from  the  right  auricle  into 
the  right  ventricle  (fag.  675,   6,  Cs). 
From  the  right  ventricle  it  passes  into 
the  pulmonary  artery  (fig.  675,  7,  2^)j 
and  through  the  ductus  arteriosus  of 
Botalli  (B)  into  the  aorta.    There  are, 
therefore,  two  streams  of  blood  in  the 
right  auricle  which  cross  each  other,  the 
descending  one  from  the  head  through 
the  superior  vena  cava,  passing  in  front 
of  the  transverse  one  from  the  inferior 
vena  cava  to  the  foramen  ovale.]  Only 
a  small  amount  of  the  blood  passes 
through  the  as  yet  small  branches  of  the 
pulmonary  artery  to  the  lungs  (fig.  675, 
7,  1,  2).    The  course  of  the  blood  makes 
it  evident  that  the  head  and  upper  limbs 
Fig.  670.  of  the  foetus  are  nourished  by  purer 

Course  of  the  fcetal  circulation  {Cldand).  blood  than  the  remainder  of  the  trunk, 
which  is  supplied  with  blood  mixed  with  the  blood  of  the  superior  vena  cava. 
After  birth,  the  umbilical  arteries  are  obliterated,  and  become  the  lateral  ligaments 
of  the  bladder,  while  their  lower  parts  remain  as  the  superior  vesical  arteries.  The 
umbilical  vein  is  obliterated,  and  remains  as  the  ligamentum  teres,  or  round 
ligament  of  the  liver,  and  so  is  the  ductus  venosus  Arantii.  Lastly,  the  foramen 
ovule  is  closed,  and  the  ductus  arteriosus  is  obliterated,  the  latter  forming  the  lig. 
arteriosus. 

The  condition  of  the  membranes  where  there  are  more  fcetuscs  than  one  : — (1)  "With  twins 
there  are  two  completely  separated  ova,  with  two  placentiE  and  two  decidure  rellexfe.  (2)  Two 
completely  separated  ova  may  have  only  one  reflcxa,  whereby  the  placentaj  grow  together,  while 
their  blood-vessels  remain  distinct.  The  chorion  is  actually  doiible,  but  cannot  be  separated 
into  two  lamellse  at  the  point  of  union.  (3)  One  reflexa,  one  chorion,  one  placenta,  two 
uralnlical  cords,  and  two  amnia.  The  vessels  anastomose  in  the  placenta.  In  this  case  there 
is  one  ovum  with  a  double  yelk,  or  with  two  germinal  vesicles  in  one  yelk.  (4)  As  in  (3),  but 
only  one  amnion,  cau.sed  by  the  formation  of  two  embryos  in  the  same  blastoderm  of  the  same 
germinal  vesicle. 

Formation  of  the  foetal  membranes. — The  oldest  mammals  have  no  placenta  or  umbilical 
vessels  ;  these  are  the  Mammalia  implacentalia,  including  the  monetremata  and  marsupials. 
The  second  group  includes  the  Mammalia  placentalia.  Amongst  these  (a)  the  non-deciduata 
](0ssess  only  cliorionic  villi  supplied  by  the  umbilical  vessels,  which  project  into  the  depressions 
of  the  uterine  mucous  membrane,  and  from  which  they  are  pulled  out  at  birth  (PI.  diffusa,  e.g., 
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pachydermata,  cetacea,  soliilungula,  camelidaj).  In  the  ruminants,  the  villi  are  arranged  in 
groups  or  cotyledons,  which  grow  into  the  uterine  mucous  membrane,  from  which  they  are 
pulled  out  at  birth,  (b)  In  the  deciduata,  there  is  such  a  firm  union  between  the  chorionic 
villi  with  the  uterine  mucous  membrane,  that  the  uterine  part  of  the  placenta  comes  away 
with  the  fcetal  ))art  at  birth.  In  this  case  the  plac  enta  is  either  zonary  (carnivora,  pinnipedia, 
elephant)  or  discoid  (apes,  insectivora,  edentata,  rodeutia). 

446.  CHKONOLOGY  OF  HUMAN  DEVELOPMENT.— Development  during  the  1st  Month. 

— At  the  12-13th  day  the  ovum  is  saccular  (5'5  mm.  and  3  mm.  in  diameter)  ;  there  is  simply 
the  blastodermic  vesicle,  with  the  blastoderm  at  one  part,  consisting  of  two  layers  ;  the  zona 
pellucida  beset  with  small  villi  {Rckhert).  At  the  15th-16th  day  the  ovum  (5-6  mm.)  is 
covered  with  simple  cylindrical  villi.  The  zona  pellucida  consists  of  embryonic  connective- 
tissue  covered  with  a  layer  of  flattened  epithelium.  The  primitive  groove  and  the  lamina' 
dorsales  appear.  Tlien  follows  the  stage  when  the  allantois  is  first  formed.  At  the  15tli-18th 
day  Coste  investigated  an  ovum.  It  was  13'2  mm.  long,  with  small  branched  villi  ;  the 
embryo  itself  was  '2"2  mm.  long,  of  a  curved  form,  and  with  a  moderately  enlarged  cephalic  end. 
The  amnion,  umbilical  vesicle  with  a  wide  vitelline  duct,  and  the  allantois  were  developed,  the 
last  already  united  to  the  false  amnion.  The  S-shaped  heart  lies  in  the  cardiac  cavity,  shows  a 
cavity  and  a  bulbus  aortii?,  but  neither  auricles  nor  ventricles.  The  visceral  arches  and  clefts 
are  indicated,  but  they  are  not  perforated.  The  omphalo-mesenteric  vessels  forming  the  first 
circulation  on  the  umbilical  vesicle  are  developed,  the  duct  (vitelline)  is  still  quite  open,  and 
two  primitive  aortiv  run  in  front  of  the  protovertebne.  The  allantois  attached  to  the  fojtal 
membranes  is  provided  with  blood-vessels.  The  two  omphalo-mesenteric  veins  unite  with  the 
two  umbilical  veins,  and  pass  to  the  venous  end  of  the  heart.  The  mouth  is  in  process  of 
formation.    The  limbs  and  sense-organs  absent ;  the  Wolffian  bodies  probablj'  present. 

At  the  20th  day  all  the  visceral  arches  are  formed,  and  the  clefts  are  perforated.  The  mid- 
brain forms  the  higliest  part  of  the  brain,  while  the  two  auricles  appear  in  the  heart.  The  con- 
nection with  the  umbilical  vesicle  is  still  moderately  wide.  The  embryo  is  2 '6-3 '3-4  mm. 
long,  while  the  head  is  turned  to  one  side  {His),  At  a  slightly  later  period  the  temporal  and 
cervical  fie.xures  take  place,  and  the  hemispheres  appear  more  prominently  ;  the  vitelline  duct 
is  narrowed,  the  position  of  the  liver  is  indicated,  while  the  limbs  are  still  absent  [His). 

At  the  21st  day  the  ovum  is  13  mm.  long  and  the  embryo  4-4  "5  mm. ;  the  unilDilical  vesicle 
2 "2  mm.,  and  the  intestine  almost  closed.  Three  branchial  clefts.  Wolffian  bodies  laid  down, 
and  the  first  appearance  of  the  liinhs,  three  cerebral  vesicles,  auditory  capsules  present  {R. 
JFagner).  Coste  also  observed,  in  addition,  the  nasal  pits,  eye,  the  opening  for  the  mouth, 
with  the  frontal  and  superior  maxillary  processes,  the  heart  with  two  ventricles  and  two 
auricles. 

End  of  the  1st  Month. — The  embryos  of  25-28  days  are  characterised  by  the  distinctly 
stalked  condition  of  the  umbilical  vesicle  and  the  distinct  presence  of  limbs.  Size  of  the  ovum, 
17*6  mm.;  embryo,  13  mm.;  umbilical  vesicle,  5"5  mm.,  with  blood-vessels. 

2nd  Month. — The  embryos  of  28-35  days  are  more  elongated,  and  all  the  branchial  clefts  are 
closed  except  the  first.  The  allantois  has  now  only  three  vessels,  as  the  right  umbilical  vein 
is  obliterated.  At  the  5th  week  the  nasal  pits  are  united  with  the  angle  of  the  mouth  by 
furrows,  which  close  to  form  canals  at  the  6th  week  {Toldt).  At  35-42  days  the  nasal  and  oral 
orifices  are  separated,  the  face  is  flat,  the  limbs  show  three  divisions,  the  toes  are  not  so  sharply 
defined  as  the  fingers.  The  outer  ear  appears  as  a  low  projection  at  the  7th  week.  The 
Wolffian  bodies  are  much  reduced  in  size.    Length  of  body  at  7th  to  8th  week,  1-6-4-1  cm. 

End  of  the  2nd  Month.— Ovujn,  6i  cm.;  villi,  1'3  mm.  long;  the  circulation  on  the 
umbilical  vesicle  has  disappeared  ;  embryo,  26  mm.  long,  and  weighs  4  grammes.  Eyelids  and 
nose  present,  umbilical  cord  8  mm.  long,  abdominal  cavity  closed,  ossification  beginning  in  the 
lower  jaw,  clavicle,  ribs,  bodies  of  the  vertebrai ;  sex  indistinct,  kidneys  laid  down. 

3rd  Month.— Ovum  as  large  as  a  goose's  egg,  beginning  of  the  placenta,  embryo  7-9  cm., 
wei'diin"-  20  ^rammes,  and  is  now  spoken  of  as  a  foetus.  External  ear  well  formed,  umbilical 
cord  7  cm.  long.  Beginning  of  the  difl'erence  between  the  sexes  in  the  external  genitals, 
umbilicus  in  the  lower  fourth  of  the  linea  alba. 

4th  Month. — Foetus,  17  cm.  long,  weighing  120  grammes,  sex  distinct,  hair  and  nails  begin- 
ning to  be  formed,  placenta  weighs  80  grammes,  umbilical  cord  19  cm.  long,  umbilicus  above 
thelowest  fourth  of  the  linea  alba,  contractions  or  movements  of  the  limbs,  meconium  in  the 
intestine,  skin  with  blood-vessels  shining  through  it,  eyelids  closed. 

5th  Month.— Fcetus,  length  of  body,  9 -7-14 "7  cm.,  total  length  18  to  28  cm.,  weighing  284 
grammes  ;  hair  on  the  head  and  lanugo  distinct ;  skin  still  somewhat  red  and  thin,  and  covered 
with  vern'ix  caseosa  (§  287,  2),  is  less  transparent ;  weight  of  placenta,  178  grammes. ;  umbilical 
cord  31  cm.  long. 

6th  Month. —Fa3tus,  length  of  body,  15-18-7,  total  length,  29-37  cm.,  weighing  634 
cframmes  ;  lanugo  more  abundant ;  vernix  more  al)undant  ;  testicles  in  the  iibdomen  ;  i)upillary 
membrane  and  eyelashes  present ;  meconium  in  the  large  intestine. 

7th  Month. —Fcetus,  length  of  body,  18-22-8,  total  length,  35-38  cm.,  weighing  1218 
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grammes,  the  descent  of  the  testicles  begins— o)t€  testicle  in  the  inguinal  canal,  the  eyes  open, 
the  pupillary  meml)ranc  often  absorbed  at  its  centre  in  the  2Sth  week.  In  the  brain  other 
fissures  are  formed  besides  the  primary  ones.  The  foetus  is  capalde  of  living  independently. 
At  the  beginning  of  tliis  month  there  is  a  centre  of  ossification  in  the  os  calcis. 

8th  Month. —Fa'tus,  length  of  body,  24-27-8,  total  length  42  cm.,  weighing  1-5  to  2  kilos. 
(3-3  to  4  4  lbs.),  hair  of  the  head  abundant,  1-3  cm.  long,  nails  with  a  small  margin,  umbilicus 
l)elow  the  middle  of  the  linea  all)a,  one  testicle  in  the  scrotum. 

9th  Month.— FcL'tus,  length  of  body,  30-37,  total  length,  47-67  cm.,  weighing  2234  grammes, 
and  is  not  distinguishable  from  the  child  at  the  full  period. 

FcetuB  at  the  FuU  Period.— Length  of  body,  51  cm.  [20  inches],  weight,  3^  kilos.  [7  lbs.], 
lanugo  present  only  on  the  shoulders,  skin  white.  The  nails  of  the  fingers  project  beyond  the 
tips  of  tlie  lingers,  umbilicus  .slightly  below  the  middle  of  the  linea  alba.  The  centre  of  ossifica- 
tion in  the  lower  epiphysis  of  the  femur  is  4  to  8  mm.  In-oad. 


Period  of  Gestation  or  Incubation  (Schenk). 


Coluber, 
Hen, 
Duck,  . 
Goose,  . 
Stork,  . 
Cassowary, 
Mouse,  . 


Days. 
12 

I2I 


Rabbit, 
Hare,  . 


Days. 
1 32 
Weeks. 


Dog, 
Fox, 


Weeks. 

}• 

14 
17 


Sheep, 
Goat,  . 
Roe, 
Bear,  . 
Small  apes. 
Deer,  . 
AVoman, 


Weeks. 
21 
22 
24 


1 39 

36-40 
40 


Foumart, 

29  Rat,  .  .  5  Badger, 
42      Guinea-pig,  .         7      Wolf,  . 

65  Cat,  .  •  \  s  1  I-'io">  • 
24      Marten,       .     /       !  Pig,  . 

Horse,  Camel,  13  months  ;  Rhinoceros,  18  months  ;  and  the  Elephant,  24  months. 
Limitation  of  the  supply  of  0  to  eggs,  during  incubation,  leads  to  the  formation  of  dwarf  chicks. 

447.  FORMATION  OF  THE  OSSEOUS  SYSTEM. —Vertebral  Column.— The  ossification  of 
the  vertebrae  begins  at  the  8th  to  the  9th  week,  and  first  of  all  there  is  a  centre  in  each  verte- 
bral arch,  then  a  centre  is  formed  in  the  body  behind  the  chorda,  which,  however,  is  composed 
of  two  closely  apposed  centres.  At  the  5th  month  the  osseous  matter  has  reached  the  surface, 
the  chorda  within  the  body  of  the  vertebra  is  compressed  ;  the  three  parts  unite  in  the  1st 
year.  The  atlas  has  one  centre  in  the  anterior  ai'ch  and  two  in  the  posterior  ;  they  unite  at  the 
3rd  year.  The  epistropheus  has  a  centre  at  the  1st  year.  The  three  points  of  the  sacral  verte- 
brffi  unite  or  ancliylose  between  the  2nd  and  the  6th  year,  and  all  the  vertebrae  (sacral)  become 
united  to  form  one  body  between  the  18th  and  25th  years.  Each  of  the  four  coccygeal  vertebrae 
has  a  centre  from  the  1st  to  10th  year.  The  vertebne  in  later  years  produce  1  to  2  centres  in 
each  process  ;  1  to  2  centres  in  each  transverse  process  ;  1  in  the  mamillary  process  of  the 
lumbar  vertebra;  ;  and  1  in  each  articular  process  (8  to  15  years).  Of  the  npper  and  under 
surfaces  of  the  body  of  a  vertebra  each  forms  an  epiphysial  thin  osseous  plate,  which  may  still 
be  visible  at  the  26th  year.  Groups  of  the  cells  of  the  chorda  are  still  to  be  found  within  the 
interv^ertebral  discs.  As  long  as  the  coccygeal  vertebm;,  the  odontoid  process,  and  the  base  of 
the  skull  are  cartilaginous,  they  still  contain  the  remains  of  the  chorda  {H.  Millie^-).  The 
coccygeal  vertebrae  form  the  tail,  and  they  originally  project  in  man  like  a  tail  (fig.  665,  IX,  T), 
which  is  ultimately  covered  over  by  the  growth  of  the  soft  parts  {His). 

The  ribs  bud  out  from  the  protovertebrie,  and  are  represented  on  each  vertebra.  The  thoracic 
ribs  become  cartilaginous  in  the  2nd  month  and  grow  forwards  into  the  wall  of  the  chest, 
whereby  the  seven  upper  ones  are  united  by  a  median  portion  {Rathkc),  which  represents  the 
position  of  one-half  of  the  sternum,  and  when  the  two  halves  meet  in  the  middle  line  the 
sternum  is  formed.  When  this  does  not  occur  we  have  the  condition  of  the  cleft  sternum. 
At  the  6th  month  there  is  a  centre  of  ossification  in  the  manubrium,  then  4  to  13  in  pairs  in 
the  body,  and  1  in  the  ensiform  process.  Each  rib  has  a  centre  of  ossification  in  its  body  at 
the  2nd  month,  and  at  the  8th  to  14th  one  in  the  tubercle  and  another  in  the  head.  These 
anchylose  at  the  14th  to  25th  year.  Sometimes  cervical  ribs  are  present  in  man,  and  they  are 
largely  developeil  in  birds. 

The  skull.— The  chorda  extends  forwards  into  the  axial  part  of  the  base  to  the  sphenoid  bone. 
The  skull  at  first  is  membranous,  or  the  primordial  cranium  ;  at  the  2nd  month  the  basai 
portion  becomes  cartilaginous,  including  the  occipital  bone,  except  the  upper  half,  the  anterior 
and  posterior  part  and  wings  of  the  sphenoid  bone,  the  petrous  part  and  mastoid  process  of  the 
temporal  bone,  the  ethmoid  with  the  nasal  septum,  and  the  cartilaginous  part  of  the  nose.  The 
other  parts  of  the  skull  remain  membranous,  so  that  there  is  a  cartilaginous  and  membranous 
primordial  cranium. 

I.  The  occipital  bone  has  a  centre  of  ossification  in  the  basilar  part  at  the  3rd  month,  and 
one  in  the  condyloid  part  and  another  in  the  fossa  cerebelli,  while  there  are  two  centres  in  the 
membranous  cerebral  fossae.  The  four  centres  of  the  body  unite  during  intra-uterine  life.  All 
the  other  parts  unite  at  the  1st  to  2nd  year. 

II.  The  post-sphenoid.— From  the  3rd  month  it  has  two  centres  in  the  sella  turcica,  two  in 
the  sulcus  caroticus,  two  in  both  gi-eat  wings,  which  also  form  the  lamina  externa  of  the  ptery- 
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goicl  process,  while  the  non-cartilaginous  and  previously  formed  inner  lamina  arises  from  the 
superior  maxillary  process  of  the  first  branchial  arch.  During  the  first  half  of  fcetal  life  these 
centres  unite  as  far  as  the  great  wings  ;  the  dorsum  selhe  and  the  cliuoid  process,  as  far  as  the 
synchondrosis  spheno-oceipitalis,  are  still  cartilaginous,  but  they  ossify  at  the  13th  year, 

III.  The  pre-sphenoid  at  the  8th  month  has  two  centres  in  the  small  wings  and  two  in  the  body. 
At  the  6th  month  they  nnite,  but  cartilage  is  still  found  within  them  even  at  the  13th  year. 

IV.  The  ethmoid  has  a  centre  in  the  labyrinth  at  the  5th  month,  then  in  the  1st  year  a  centre 
in  the  central  lamina.    They  unite  about  the  5th  or  6th  year. 

V.  Amongst  the  membranous  bones  are  the  inner  lamina  of  the  pterygoid  process  (one 
centre),  the  upper  half  of  the  tabular  plate  of  the  occipital  (two  points),  the  parietal  bone  (one 
centre  in  the  parietal  eminence),  the  frontal  bone  (one  double  centre  in  the  frontal  eminence), 
three  small  centres  in  the  nasal  spine,  spina  trochlearis  and  zygomatic  process,  nasal  (one 
centre),  the  edges  of  the  parietal  bones  (one  centre),  the  tympanic  ring  (one  centre),  the 
lachrymal,  vomer,  and  intermaxillary  bone. 

The  facial  bones  are  intimately  related  to  the  transformations  of  the  branchial  arches  and 
branchial  clefts  (fig.  671).  The  median  end  of  the  first  branchial  arch  projects  inwards  from 
each  side  towards  the  large  oral  aperture.  It  has  two  pro-  j- 
cesses,  the  superior  maxillary  process  which  grows  more 
laterally  towards  the  side  of  the  mouth,  and  the  inferior 
maxillary  process,  which  surrounds  the  lower  margin  of 
tlie  mouth  (fig.  665,  IX).  From  above  downwards  theie 
grows  as  an  elongation  of  the  basis  cranii  the  frontal  pro- 
cess (s),  a  broad  process  with  a  point  (y)  at  its  lower  and  v 
outer  angle,  the  inner  nasal  process.  The  frontal  and  the 
superior  maxillary  processes  (?■)  unite  with  each  other  in 
such  a  way  that  the  former  projects  between  the  two  latter. 
At  the  same  time  there  is  anchylosed  with  the  superior 
maxillary  process  the  small  external  nasal  process  (it),  a 
prolongation  of  the  lateral  part  of  the  skull,  and  lying 
above  tlie  superior  maxillary  process.  Between  the  latter 
and  the  outer  nasal  process  is  a  slit  leading  to  the  eye  (a). 
Thus  the  mouth  is  cut  off  from  the  nasal  apertures  which 
lie  above  it.  But  the  separation  is  continued  also  within 
the  mouth  ;  the  superior  maxillary  process  produces  the 

upi)er  jaw,  the  nasal  process,  and  the  intermaxillary  pro-  -^  'o-  "J'^- 

cess  (Goethe)— the  latter  is  present  in  man,  but  is  united  embryo  rabbit  of^lO  days 

to  the  upper  jaw.    The  intermaxillary  bone,  which  in     (  ^  ^i'^  ' 

many  animals  remains  as  a  separate  bone  (os  incisivum), 
carries  the  incisor  teeth.  At  the  9th  week  the  hard  palate 
is  closed,  and  on  it  rests  the  septum  of  the  nose,  descend- 
ing vertically  from  the  frontal  process.  The  lower  jaw  is 
formed  from  the  inferior  maxillary  process.  At  the  circum- 
ference of  the  oral  aperture  the  lips  and  the  alveolar  walls 
are  formed.  The  tongue  is  formed  behiud  the  point  of  the 
union  of  the  second  and  third  branchial  arches  (His);  while, 
according  to  Born,  it  is  formed  by  an  intermediate  part  between  the  inferior  maxillary  processes. 
These  transformations  may  be  interrupted.    If  the  frontal  process  remains  se[iarate  from  the 
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Fig.  671. 
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a,  ej'e  ;  at,  atrium  or 
primitive  auricle  of  heart;  b,  aortic 
bulb  ;  K',  K",  K'",  first  (mandi- 
bular), second  (hyoid),  third  (1st 
branchial)  visceralarch;  mouth; 
s,  superior,  and  u,  inferior  max- 
illary process  ;  s,  mid-brain  ;  v, 
part  of  head  and  fore-brain  ;  v, 
ventrick'  of  heart. 


Fig.  672, 


Fig.  672, 
-  Hare  lip  on  the  left  side. 


Fig.  673. 


Fig.  673. — Inner  view  of  the  lower  jaw  of  an  embryo  pig 


3  inches  long  (  x  3^).  mJc,  Meckel's  cartilage  ;  d,  dentary  bone  ;  cr,  coronoid  process  ;  ar, 
articular  process  (condyle) ;  ag,  angular  process  ;  ml,  malleus  ;  mb,  manubrium. 

superior  maxillary  processes,  then  the  mouth  is  not  se[)arated  from  the  nose.  This  separation 
may  occur  only  in  the  soft  parts,  constituting  hare-lip  (fig.  672)  ;  or  it  may  involve  the  hard 
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palate,  constituting  cleft  palate.  Both  conditions  may  occur  on  one  or  both  sides.  From  the 
posterior  part  of  tire  first  branchial  arch  are  formed  the  malleus  (ossified  at  the  4th  month),  and 
Meckel's  cartilage  (fig.  673),  whicli  pi-oceeds  from  the  latter  behind  tlie  tympanic  ring  as  a 
lonf  cartilaginous  jvrocess,  extending  along  the  inner  side  of  the  lower  jaw,  almost  to  its  middle. 
It  disai»peai'^  after  the  6th  month  ;  still  its  posterior  part  forms  the  internal  lateral  ligament  of 
the  maxillary  articulation.  Near  where  it  leaves  the  malleus  is  the  processus  Folii  {Baumiillcr). 
A  part  of  its  median  end  ossifies,  and  unites  with  the  lower  jaw.  The  lower  jaw  is  laid  down  in 
membrane  from  the  first  branchial  arch,  while  the  angle  and  condyle  are  formed  from  a 
cartilaginous  process.  The  union  of  both  bones  to  form  the  chin  occurs  at  the  1st  year.  From 
tiie  superior  maxillary  process  are  formed  the  inner  lamella  of  the  pterygoid  process,  the  palatine 
process  of  the  upijer  jaw,  and  the  palatine  bone  at  the  end  of  the  2nd  month,  and  lastly  the 
jiialar  bone. 

Tlie  second  arch  [hyokl],  arising  from  the  temporal  bone,  and  running  parallel  with  the 
first  arch,  gives  rise  to  the  stapes  (although  according  to  Salensky,  this  is  derived  from  the  first 
arch),  the  eminentia  pyramidalis,  with  the  stapedius  muscle,  the  incus,  the  styloid  process  of 
the  temporal  bone,  tlie  (formerly  cartilaginous)  stylohyoid  ligament,  the  smaller  cornu  of  the 
hyoid  bone,  and  lastly  the  glosso-palatine  arch  {His). 

"  The  third  arch  {tliyro-hyoid)  forms  the  gi-eater  cornu  and  body  of  the  hyoid  bone  and  the 
pharyngo-palatine  arch  {His). 

The  fourth  arch  gives  rise  to  the  thyroid  cartilage  {His). 

Branchial  Clefts" — The  first  branchial  or  visceral  is  represented  by  the  external  auditory 
meatus,  the  tympanic  cavity,  and  the  Eustachian  tube  ;  all  the  other  clefts  close.  Should  one 
or  other  of  the  clefts  remain  open,  a  condition  that  is  sometimes  hereditary  in  some  families,  a 
cervical  fistula  results,  and  it  may  be  formed  either  from  without  or  within.  Sometimes  only 
a  blind  diverticulum  remains.  Branchiogenic  tumours  and  cysts  depend  upon  the  branchial 
arches  {1\.  Volkmann). 

[Relation  of  Branchial  Clefts  to  Nerves.— It  is  important  to  note  that  the  clefts  in  front  of 
the  mouth  (pre-oral),  and  those  behind  it  (post-oral),  have  a  relation  to  certain  nerves.  The 
lachrymal  slit  between  the  frontal  and  nasal  processes  is  supplied  by  the  first  division  of 
the  trigeminals.  The  nasal  slit  between  the  superior  maxillary  process  and  the  nasal  process  is 
supplied  by  the  bifurcation  of  the  third  nerve.  The  oval  cleft,  between  the  superior  maxillary 
processes  and  the  mandibular  arch,  is  supplied  by  the  second  and  third  divisio7is  of  the  trige- 
minus.  The  first  post-oral  or  tympanic-Eustachian  cleft,  between  the  mandibular  arch  (1st) 
and  the  hyoid  arch,  is  supplied  by  the  2}ortio  dura.  The  next  cleft  is  supplied  by  the  glosso- 
-pharyngeal,  and  the  succeeding  clefts  by  branches  of  the  vagus.'] 

The  thymus  and  thyroid  glands  are  formed  as  paired  diverticula  from  the  epithelium  cover- 
ing the  lirancliial  arches.  The  epithelium  of  the  last  two  clefts  does  not  disappear  (pig),  but 
proliferates  and  pushes  inwards  cylindrical  processes,  which  develop  into  two  epithelial  vesicles, 
the  paired  commencement  of  the  thyroid  glands.  These  vesicles  have  at  first  a  central  slit, 
which  communicates  with  the  pharynx  (  Wolficr).  According  to  His,  the  thyroid  gland  appears 
as  an  epithelial  vesicle  in  the  region  of  the  2nd  pair  of  visceral  arches  in  front  of  the  tongue — 
in  man  at  the  4th  week.  Solid  buds,  which  ultimately  become  hollow,  are  given  off  from  the 
cavity  in  the  centre  of  the  embryonic  thyroid  gland.  The  two  glands  ultimately  unite  together. 
The  only  epithelial  part  of  the  thyvuis  which  remains  is  the  so-called  concentric  corpuscles 
(j).  154).  According  to  Born,  this  gland  is  a  diverticulum  from  the  3rd  cleft,  while  His  ascribes 
its  origin  to  the  4th  and  5th  aortic  arches  in  man  at  the  4th  week.  The  carotid  gland  is  of 
epithelial  origin,  being  a  variety  of  the  thyroid  {Sticda). 

The  Extremities. — The  origin  and  course  of  the  nerves  of  the  brachial  plexus  (p.  616)  show 
that  the  upper  extremity  was  originally  placed  much  nearer  to  the  cranium,  while  the  position 

the  2mstcrior  pair  corresponds  to  the  last  lumbar  and  the  3rd  or  4th  sacral  vertebrse  {His). 

The  clavicle,  according  to  Bruch,  is  not  a  membrane  bone,  but  is  formed  in  cartilage  like 
the  furculum  of  birds  {Gegcnhaur).  At  the  2nd  month  it  is  four  times  as  large  as  the  upper 
limb  ;  it  is  the  first  bone  to  ossify  at  the  7th  week.  At  puberty  a  sternal  epiphysis  is  formed. 
Episternal  bones  must  be  referred  to  the  clavicles  (Gottc).  Ruge  regards  pieces  of  cartilages 
existing  between  the  clavicle  and  the  sternum  as  the  analogues  of  the  episternum  of  animals. 
The  clavicle  is  absent  in  many  mammals  (carnivora)  ;  it  is  very  large  in  flying  animals,  and  in 
the  rabl)it  is  half  membranous.    The  furculum  of  birds  represents  the  united  clavicles.  ' 

The  scapula  at  first  is  united  with  the  clavicle  {Rathke,  Gotte),  and  at  the  end  of  the  2nd 
month  it  has  a  median  centre  of  ossification,  which  rapidly  extends.  Morphologically,  the 
accessory  centre  in  the  coracoid  process  is  interesting  ;  the  latter  also  forms  the  up'jier  part  of 
th  e  articular  surface.  In  birds  the  corresponding  structure  forms  the  coracoid  bone  and  is 
united  with  the  sternum ;  while  in  man  only  a  membranous  band  stretches  from  the  tip  of  the 
coracoid  process  to  the  sternum.  The  long,  basal,  osseous  strip  corresponds  to  the  siqmi- 
sca2)ular  bone  of  many  animals.  The  other  centres  of  ossification  are— one  in  the  lower  ancle 
two  or  three  in  the  acromion,  one  in  the  articular  surface,  and  an  inconstant  one  in  the  spfne' 
Complete  consolidation  occurs  at  puberty. 

The  humerus  ossifies  at  the  8th  to  the  9th  week  in  its  shaft.    The  other  centres  are— one  in 
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the  upper  epiphysis,  and  one  in  the  capitellum  (1st  year)  ;  one  in  the  great  tuberosity  and  one 
in  the  small  tuberosity  (•2nd  year)  ;  two  in  the  condyles  (5th  to  10th  year)  ;  one  in  the  trochlea 
(12th  year).    The  epiphyses  unite  with  the  shaft  at 'the  16th  to  20th  year. 

The  radius  ossifies  in  the  shaft  at  the  3rd  month.  The  other  centres  are— one  in  the  lower 
epiphysis  (5th  year),  one  in  the  upper  (6th  year),  and  au  inconstant  one  in  the  tuberosity,  and 
one  in  the  styloid  process.    They  unite  at  puberty. 

The  ulna  also  ossifies  in  the  shaft  at  the  3rd  month.  There  is  a  centre  in  the  lower  end 
(6th  year),  two  in  the  olecranon  (11th  to  14th  year),  and  an  inconstant  one  in  the  coronoid 
process,  and  one  in  the  styloid  process.    They  consolidate  at  puberty. 

The  carpus  is  arranged  in  mammals  in  two  rows.  The  first  row  contains  three  bones — the 
radial,  intermediate,  and  ulnar  bones.  In  man  these  are  represented  by  the  scaphoid,  semi- 
lunar, and  cuneiform  bones  ;  the  pisiform  is  only  a  sesamoid  bone  in  the  tendon  of  the 
flexor  carpi  ulnaris.  The  second  row  really  consists  of  as  many  bones  as  there  are  digits  {e.g., 
salamander).  In  man  the  common  position  of  the  4th  and  5th  fingers  is  represented  by  the 
iinciform  bone.  Morphologically,  it  is  interesting  to  observe  that  an  oscentrale,  corresponding 
to  the  OS  carpale  centrale  of  reptiles,  amphibians,  and  some  mammals,  is  formed  at  first,  but 
disappears  at  the  3rd  month,  or  unites  with  the  scaphoid.  Only  in  very  rare  cases  is  it 
persistent.  All  the  carpal  bones  are  cartilaginous  at  birth.  They  ossify  as  follows  : — Os 
magnum,  unciform  (1st  year),  cuneiform 
(3rd  year),  trapezium,  semilunar  (5th  year), 
scaphoid  (6th  year),  trapezoid  (7th  year), 
and  pisiform  (12th  year). 

The  metacarpal  bones  have  a  centre  in 
their  diaphyses  at  the  end  of  the  3rd 
month,  and  so  have  the  phalanges.  All 
the  phalanges  and  the  first  bone  of  the 
thumb  have  their  cartilaginous  epiphyses 
at  the  central  end,  and  the  other  metacarpal 
bones  at  the  peripheral  end,  so  that  the 
first  bone  of  the  thumb  is  to  be  regarded 
as  a  phalanx.  The  epiphyses  of  the  meta- 
carpal bones  ossify  at  the  2nd,  and  those 
of  the  phalanges  at  the  3rd  year.  They 
consolidate  at  puberty. 

The  innominate  bone,  when  carti- 
laginous, consists  of  two  parts — the  pubis 
and  the  ischium  {Rosenberg).  Ossification 
begins  with  three  centres — one  in  the  ilium 
(3rd  to  4th  month),  one  in  the  descending 
ramus  of  the  ischium  (4th  to  5tii  month), 
one  in  the  horizontal  ramus  of  the  pubis 
(5th  to  7th  month).  Between  the  6th  to 
the  14th  year,  three  centres  are  formed 
where  the  bodies  of  the  three  bones  meet 
in  the  acetabulum,  another  in  the  super- 
ficies auricularis,  and  one  in  the  symphysis. 
Other  accessory  centres  are  : — One  in  the 
anterior  inferior  spine,  the  crests  of  the 
ilium,  the  tuberosity  and  the  spine  of  the  Centres  of  ossification  of  the  innominate  bone, 
ischium,  the  tuberculum  pubis,  eminentia  iliopectinea,  and  floor  of  the  acetabulum.  At  first 
the  descending  ramus  of  the  pubis  and  the  ascending  ramus  of  the  ischium  unite  at  the  7th 
to  8th  year;  the  Y-shaped  suture  in  the  acetabulum  remains  until  puberty  (fig.  674). 

The  femur  has  its  middle  centre  at  the  end  of  the  2nd  month.  At  birth,  there  is  a  centre  in 
the  lower  epiphysis  ;  slightly  later  in  the  head.  In  addition,  there  is  one  in  the  great 
trochanter  (3r(l  to  11th  year),  one  in  the  lesser  trochanter  (13th  to  14th  year),  two  in  the  con- 
dyles (4th  to  8th  year) ;  all  unite  about  the  time  of  puberty.  The  patella  is  a  sesamoid  bone  in 
the  tendon  of  the  quadriceps  femoris.  It  is  cartilaginous  at  the  2nd  month,  and  ossifies  from 
the  1st  to  the  3rd  year. 

The  tarsus  generally  resembles  the  carpus.  The  os  calcis  ossifies  at  the  beginning  of  the  7th 
month,  the  astragalus  at  the  beginning  of  the  8th  month,  the  cuboid  at  the  end  of  the  10th, 
the  scaphoid  (1st  to  5th  year),  the  I.  and  II.  cuneiform  (3rd  year),  and  the  III.  cuneiform  (4th 
year).  An  accessory  centre  is  formed  in  the  heel  of  the  calcaneum  at  the  5th  to  10th  year, 
which  consolidates  at  puberty. 

The  metatarsal  bones  are  formed  like  the  metacarpals,  only  later. 

[Histogenesis  of  Bone. — The  great  majority  of  our  bones  are  laid  down  in  cartilage,  or  are 
preceded  by  a  cartilaginous  stage,  including  the  bones  of  the  limbs,  backbone,  base  of  the  skull, 
sternum,  and  ribs.    These  consist  of  solid  masses  of  hyaline  cartilage  covered  by  a  membrane, 
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which  is  identical  with  ami  ultimately  becomes  the  periosteum.  The  formation  of  bone,  when 
preceded  by  cartilage,  is  called  endochondral  bone.  Some  bones,  such  as  the  tabular  bones  of 
the  vault  of  the  cranium,  the  facial  bones,  and  part  of  the  lower  jaw,  are  not  preceded  by 
cartilage  In  the  latter  there  is  merely  a  membrane  present,  while  from  and  in  it  the  future  bone 
is  fonned.  It  becomes  the  future  periosteum  as  Avell.  This  is  called  the  intra-membranous 
or  periosteal  mode  of  formation.] 

[Endochondral  Formation.— (1)  The  cartilage  lias  the  shape  of  the  future  bone  only  in 
miniature,  and  it  is  covered  with  periosteum.  In  the  cartilage  an  opaque  spot  or  centre  of 
ossification  appears,  due  to  the  deposition  of  lime-salts  in  its  matrix.  The  cartilage  cells 
proliferate  in  this  area,  but  the  first  bone  is  formed  under  the  periosteum  in  the  shaft,  so 
that  an  osseous  case  like  a  muff  surrounds  the  cartilage.  This  bone  is  formed  by  tlie  sub- 
periosteal osteoblasts.  (2)  Blood-vessels,  accompanied  by  osteoblasts  and  connective-tissue, 
grow  into  the  cartilage  from  the  osteogenic  layer  of  the  periosteum  (jyriosteal  processes  of 
Yirchow),  so  that  the  cartilage  becomes  channelled  and  vascular.  As  these  channels  extend  they 
open  into  the  already  enlarged  cartilage  lacunse,  absorption  of  the  matrix  taking  ])lace,  while 
other  parts  of  tlie  cartilaginous  matrix  become  calcified.  Thus  a  series  of  cavities,  bounded  by 
calcified  cartilage — the  primary  medullary  cavities — are  formed.  They  contain  the  primary  or 
cartilage  marrow,  consisting  of  blood-vessels,  osteoblasts,  and  osteoclasts,  carried  in  from  the  osteo- 
genic layer  of  the  periosteum,  and  of  course  the  cartilage  cells  that  have  been  liberated  from  their 
lacunae.  (3)  The  osteoblasts  are  now  in  the  interior  of  the  cartilage,  where  they  dispose  them- 
selves on  the  calcified  cartilage,  and  secrete  or  form  around  them  an  osseous  matrix,  thus  enclosing 
the  calcified  cartilage,  while  the  osteoblasts  themselves  become  embedded  in  the  products  of  their 
own  activity  and  remain  as  bone -corpuscles.  Bone  therefore  is  at  first  spongy  bone,  and  as  the 
primai'y  medullary  spaces  gradually  become  filled  up  by  new  osseous  matter  it  becomes  denser, 
while  the  calcified  cartilage  is  gradually  absorbed.  It  is  to  be  remembered  that,  pari  2^assu 
with  the  deposition  of  the  new  bone,  bone  and  cartilage  are  being  absorbed  by  the  osteoclasts.] 

Chemical  Composition  of  Bone. — Dry  bone  contains  g  of  organic  matter  or  ossein,  from  which 
gelatin  can  be  extracted  by  prolonged  boiling  ;  and  about  §  mineral  matter,  which  consists  of 
neuti'al  calcic  phospliate,  57  per  cent. ;  calcic  carbonate,  7  per  cent. ;  magnesic  phosphate,  1  to 
2  per  cent. ;  calcic  fluoride,  1  per  cent.,  with  traces  of  chlorine ;  and  water,  about  23  per  cent 
The  marrow  contains  fluid  fat,  albumin,  hypoxanthin,  cholesterin,  and  extractives.  The  red 
marrow  contains  more  iron,  corresponding  to  its  larger  proportion  of  hemoglobin  (Nasse). 

[The  medullary  cavity  of  a  long  bone  is  occupied  by  yelloio  marrow,  which  contains  about 
96  per  cent,  of  fat.  The  red  marrow  occui's  in  the  ends  of  long  bones,  in  the  flat  bones  of  the 
skull,  and  in  some  short  bones.  It  contains  very  little  fat,  and  is  really  lymphoid  in  its 
characters,  being,  in  fact,  a  hlood-forniing  tissue  (p.  12).] 

Growth  of  Bones. — Long  bones  grow  in  thickness  by  the  deposition  of  new  bone  from  the 
periosteum,  the  osteoblasts  becoming  embedded  in  the  osseous  matrix  to  form  the  hone-corpuscles. 
Some  of  the  fibres  of  the  connective-tissue,  which  are  caught  up,  as  it  were,  in  the  process, 
remain  as  Sharpey's  fibres,  which  are  calcified  fibres  of  white  fibrous  tissue,  bolting  together  the 
peripheric  lamellre.  [Midler  and  Schiifer  have  shown  that  there  are  also  filjres  in  the  peripheric 
Jamellaj,  comparable  to  yellow  elastic  fibres  ;  they  branch,  stain  deeply  with  magenta,  and  are 
best  developed  in  the  hones  of  birds.] 

[At  the  same  time  that  bone  is  being  deposited  on  the  surface,  it  is  being  absorbed  in  the 
marrow  cavity  by  the  action  of  the  osteoclasts,  so  that  a  metallic  ring  placed  roimd  a  bone  in  a 
young  animal  ultimately  comes  to  lie  in  the  medullary  cavity  {Diilmmcl).  The  growth  in 
length  takes  place  by  the  continual  growth  and  ossification  of  the  epiphysial  cartilage.  The 
cartilage  is  gradually  absorbed  from  below,  but  it  proliferates  at  tlie  same  time,  so  that  what  is 
lost  in  one  direction  is  more  than  made  up  in  the  other  {J.  Hionter). 

When  the  growth  of  bone  is  at  an  end,  the  epiphy.sis  becomes  united  to  the  diaphysis,  the 
epiphysial  cartilage  itself  becoming  ossified.  It  is  not  definitely  proved  whether  there  is  an 
interstitial  expansion  or  growth  of  the  true  osseous  substance  itself,  as  maintained  bv  Wolft" 
(§  244,  9). 

[Howship's  Laciinae.— The  osteoclasts  or  niyelojilaxes  are  large  multinuclear  giant-cells, 
which  erode  bone.  They  can  be  seen  in  great  numbers  lying  in  small  depressions  corresponding 
to  them — Howship's  lacunai— on  the  fang  of  a  temporary  tooth,  when  it  is  being  absorbed'! 
They  are  readily  seen  in  a  microscopical  section  of  spongy  bones  with  the  soft  parts  "preserved.] 

The  form  of  a  bone  is  influenced  by  external  conditioris.  The  bones  are  stronger  the  "reater 
the  activity  of  the  muscles  acting  on  them.  If  pressure  acting  normally  upon  a  bone  be 
removed,  the  bone  develops  in  the  direction  of  least  resistance,  and  becomes  thicker  in  that 
direction.  Bone  develops  more  slowly  on  the  side  of  the  greatest  external  pressure,  and  it  is 
curved  by  unilateral  pressure  (Lesshaft).  ' 

448.  DEVELOPMENT  OF  THE  VASCULAR  SYSTEM. -Heart. -[The  heart  appears  as  a 
solid  mass  of  cells  in  the  splanchnopleure,  at  the  front  end  of  the  embryo,  immediately  under 
the  "  fore-gut."  Very  soon  a  cavity  appears  in  this  mass  of  cells  ;  some  of  the  latter  float  free 
in  the  fluid,  while  the  cellular  wall  Ijegins  to  pulsate  rhythmically.    This  hollow  cellular 
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'  irthP,r.rf,niLr-    "  ^''y       ^^^^in^es  ^  shape  somewhat  like  an  S  (fig.  675,1)], 

arteS^^   5/;  L^^S^^^^  sub<lividecl  into  {a)  an  upper  aortic  part  with'  the  buibii 

h?ar??b^,  Vmlt  nn  I   u'       ^^^^^^        ;  and  ( a  lower  Venous  or  auricular  part.  The 
e  aL^^  in,  .  f'htl  V     V  "1  ^'^'^^'^^'oe  (2),  so  that  the  venous  end  (A)  comes  to 

veno„?n.v?l  1  ^1^^^  ^'"^"'^^^  the  right  and  left  side,  respectively,  of  the 

The  Sevn^o  if  H,P  K      ^'^T  ^^hich  forms  the  large  auricle  on  each  side  (3  0,  0,). 

two  W^,™  .n^^  f  of  the  heart  corresponding  to  tlie  great^urvature  (2,  T)  is  divided  into 
The  nr^e  3pnrw,  ^'^'f "''^'''''"^  ^J'    ^^iS^^t  ciepression  on  the  surface, 

auricnuf  rir    i«  /  ^t'       '"^"•^^^  ^^"^t^'  t^^*^  middh  of  the  posterior  w^all  of  the 

Absorbed  K'liLv     P-'^'f'^-"'  ""^^  "'f-^'^^''  ^''^"'"^  '^a^'^-  common  trunk  is 

Sf  tbP  Snnprinr  n,!^  -^r^"^  "'^^  ^''^  «»l''''-gi"g  ^^^ich,  and  thus  arise  the  separate  terminations 
^yhich  in  m,  M  hn  ,    ,  V?'  t^'*^  ^'''''^         ^^o^^s  to  lie  in  a  special  cavity, 

becSs  to  be  d  tnVl    '  w       •  of  the  diaphragm  (Z//.)-    At  the  4th  to  5th  wiek,  tlie  heai 

viSri?.^  f,?rroi      ^'^V  ^"'^  ^  Corresponding  to  the  position  of  the  vertical 

^entuculal  furrow,  a  septum  grows  upwards  vertically  in  the  interior  of  the  heart,  and  divides 


Fig.  675. 

Development  of  the  heart.  1,  Early  appearance  of  tlie  heart — a,  aortic  part,  with  the  bulbus 
b  ;  V,  venous  end.  2,  Horse-shoe  shajied  curving  of  the  heart — a,  aortic  end,  with  the 
bulbus,  b  ;  V,  ventricle  ;  A,  auricular  part.  .3,  Formation  of  the  auricular  ap])en(lages, 
0,  Oj,  and  the  external  furrow  in  the  ventricle.  4,  Commencing  division  of  tlie  aorta' 
p,  into  two  tubes,  a.  5,  View  from  behind  of  the  ojicned  auricle,  ii,  v,  into  the  L,  and 
Jl,  ventricles,  and  between  tlie  two  latter  the  projecting  ventricular  septum,  while  the  aorta 
(a)  and  pulmonary  artery  open  into  their  respective  ventricles.  6,  Kelation  of  the 
orifices  of  the  superior  (Cs)  and  inferior  vena  cava  (Ci)  to  the  auricle  (schematic  view  from 
above)— .V,  direction  of  the  blood  of  the  superior  vena  cava  into  the  right  auricle  ;  y,  that  of 

the  inferior  cava  to  the  left  auricle  ;  tZ,  tubercle  of  Lower.    7,  Heart  of  tlie  ripe  fcetus  Ji 

right,  L,  left  ventricle  ;  a,  aorta,  with  the  innominate,  c,  c,  carotid,  c,  and  left  subclavian 
artery,  s  ;  B,  ductus  arteriosus  ;  p,  pulmonary  artery,  with  the  small  branches  1  and  to 
the  lungs. 

the  ventricular  part  into  a  right  and  left  ventricle  (5,  B,  L).  There  is  a  constriction  in  the 
heart,  betAveen  the  auricular  and  ventricular  portions,  forming  the  canalis  auricularis.  It 
contains  a  communication  between  the  auricle  and  both  ventricles,  lying  between  an  anterior 
and  posterior  jirojecting  lip  of  endothelium,  from  which  the  auriculo-ventricular  valves  are 
formed  {F.  Schmidt).  The  ventricular  septum  grows  upwards  towards  the  canalis  auricularis. 
and  is  complete  at  the  8th  week.  Thus,  the  large  undivided  auricle  communicates  by  a  i  i"ht 
and  left  auriculo-ventricular  opening  with  the  corresponding  ventricle  (5).  At  the  same  time 
two  septa  (4,  p  a)  api)ear  in  the  interior  of  the  truncus  arteriosus  (4,  2>),  which  ultimately  meet 
and  thus  divide  this  tube  into  two  tubes  (5,  a  ij),  the  latter  forming  the  aorta  and  pulmonary 
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aiterv,  and  are  disposed  towards  each  other  like  the  tubes  in  a  double-barrelled  gun.  ilu- 
septum  -rows  downwards  until  it  meets  the  ventricular  septum  (5  ,  so  that  the  right  ventricle 
comes  to  be  connected  with  the  pulmonary  artery,  and  tlie  left  with  the  aorta.  The  division  of 
the  truncus  arteriosus,  however,  takes  place  only  in  the  first  part  of  its  course.  Ihe  division 
does  not  take  place  above,  so  that  the  pulmonary  artery  and  aorta  unite  m  one  commou  trunk 
above.     Tliis  fommunication  between  the  pulmonary  artery  and  the  aorta  is  the  ductus 

arteriosus  Bo talli  (7,  i>').  .  „ 

In  the  auricle  a  septum  grows  from  the  front  and  behind,  ending  internally  with  a  concave 
mai-fin.  The  vena  cava  superior  (6,  Cs)  terminates  to  the  right  of  this  fold,  so  that  its  blood 
wilUend  to  go  towards  the  right  ventricle,  in  the  direction  of  the  arrow  m  6,  x.  The  cava 
inferior,  on  the  other  hand  (6,  Ci),  opens  directly  opposite  the  fold.  On  the  left  of  its  orifice 
the  valve  of  the  foramen  ovale  is  formed  by  a  fold  growing  towards  the  auricular  told,  so  that 
the  blood-cm-rent  from  the  inferior  vena  cava  goes  only  to  the  left,  in  the  direction  of  the 
arrow,  y  ;  on  the  right  of  the  orifice  of  the  cava,  and  opposite  the  fold,  is  the  Eustachian  valve, 
which,  in  conjunction  with  the  tubercle  of  Lower  {tL),  directs  the  stream  from  the  inferior 
vena  cava  to  the  left  into  the  left  auricle,  through  the  pervious  foramen  ovale.  Compare  the 
fcetal  circidation  (p.  876).  After  birth,  the  valve  of  the  foramen  ovale  closes  that  aperture, 
wliile  the  ductus  arteriosus  also  becomes  impervious,  so  that  the  blood  of  the  iiulmonary  artery 
is  forced  to  go  through  the  pulmonary  branches  proceeding  to  the  expanding  lungs.  Some- 
times the  foramen  ovale  remains  pervious,  giving  rise  to  serious  symptoms  after  a  time,  and 
constituting  morbus  ceruleus. 

Arteries.— "With  the  formation  of  the  branchial  arches  and  clefts,  the  number  of  aortic  arches 
on  each  side  becomes  increased  to  5  (fig.  676),  which  run  above  and  below  each  branchial  cleft, 

i. 


Fig.  676. 

The  aortic  arches.  1.  The  first  position  of  the  1,  2,  and  '6  arches.  2.  5  aortic  arches  ;  ia, 
common  aortic  trunk  ;  ad,  descending  aorta.  3.  Disappearance  of  the  upper  two  arches  on 
each  side — S,  subclavian  artery  ;  v,  vertebral  arterj- ;  a.r,  axillary  artery.  4.  Transition 
to  the  final  stage — P,  pulmonary  artery  ;  A,  aorta  ;  dB,  ductus  arteriosus  {Botalli)  ;  S, 
right  subclavian,  united  with  the  right  common  carotid,  which  divides  into  the  internal 
(Ci)  and  external  carotid  (Cc)  ;  ax,  axillary  ;  r,  vertebral  artery. 

in  a  branchial  arch,  and  then  all  reunite  behind  in  a  common  descending  trunk  (2,  ad)  {Rathkc). 
These  blood-vessels  remain  only  in  animals  that  breathe  by  gills.  In  man,  the  upper  two 
arches  disappear  completely  (3).  When  the  truncus  arteriosus  divides  into  the  pulmonary 
artery  and  the  aorta  (4,  P,  A),  the  lowest  arch  on  the  left  side,  with  its  origin,  forms  the 
pulmonary  artery  (4),  and  it  s])rings  from  the  right  side  of  the  heart.  Of  these  the  left  lowest 
arch  forms  the  ductus  arteriosus  {clB),  and  from  the  commencement  of  the  latter  proceed  the 
pulmonary  branches  of  the  pulmonary  artery.  Of  the  remaining  arches  which  are  united  with  the 
aorta,  the  left  middle  one  (i.e.,  the  fourth  left)  forms  the  permanent  aortic  arch  into  which  the 
ductus  arteriosus  opens,  while  the  right  one  (fourth)  forms  the  subclavian  artery;  the  third 
arch  forms  on  each  side  the  origin  of  the  carotids  {Ci,  Ce).  The  arteries  of  the  first  and  second 
circulations  have  been  referred  to  ali-eady  (p.  870).  When  the  umbilical  vesicle,  with  its 
primary  circulation,  diminishes,  only  one  omphalo-mesenteric  artery  is  present,  which  gives 
a  branch  to  the  intestine.  At  a  later  period,  the  omphalo-mesenteric  arteries  atrophy,  while 
the  artery  to  the  intestine — the  superior  mesenteric — becomes  the 
originally  derived  from  one  of  the  omphalo-mesenteric  arteries. 

Veins  of  the  Body. — The  veins  first  formed  in  the  body  of  the  embryo  itself  are  the  two 
cardinal  veins  ;  on  each  side  an  anterior  (fig.  677,  I,  cs),  and  a  posterior  [ci),  which  iiroceed 
towards  the  heart  and  unite  on  each  side  to  form  a  large  trunk,  the  duct  of  Cuvier  {DC),  which 
passes  into  the  venous  part  of  the  heart.  The  anterior  cardinal  veins  give  oft'  the  subclavian 
veins  {hh)  and  the  common  jugular  veins,  which  divide  into  the  external  (Jc)  and  internal 
{Ji)  jugular  veins.  In  addition,  there  is  a  transverse  amcstomosing  branch  passing  obliquely 
from  the  left  (where  it  divides)  to  the  right,  which  joins  their  trunk  lower  down.    In  the  final 


largest  of  all,  it  being 
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arrangement  (II)  this  anastomosis  (As)  becomes  very  large  to  form  the  left,  innominate  vein, 
while  with  the  growth  of  the  arms  the  subclavian  veins  increase  {bb) ;  and  lastly,  the  calibre  of 
the  jugular  vein  changes,  the  internal  jugular  {Ji)  becoming  very  large,  and  the  external  jugular 
(le)  smaller.  In  some  animals,  e.g.,  the  dog  and  rabbit,  the  large  embryonic  size  is  retained. 
The  part  of  the  left  superior  cardinal  vein,  from  the  anastomosis  downwards  to  the  left  duct  of 
Cuvier,  disappears.  Tlie  posterior  cardinal  veins  divide  in  the  plvis  into  the  liypogastric 
(I,  7i)  and  external  iliac  (/,/).  The  inferior  cava  at  lirst  is  very  small  (I,  Ff),  divides  at  tlie 
entrance  to  the  pelvis,  and  on  each  side 
goes  into  tlie  point  of  division  of  the 
cardinal  veins.  There  is  also  a  trans- 
verse ascending  anastomosis  between  the 
right  and  left  cardinal  veins.  For  the 
tinal  arrangement,  the  cava  inferior  (II, 
Ci)  dilates,  and  with  it  the  hypogastric 
and  external  iliac  vein  on  eacli  side.  The 
riglit  cardinal  vein  remains  very  small 
{Vena  azycjos,  Az),  and  also  the  lower 
part  from  the  left  one  to  the  transverse 
anastomosis.  The  latter  itself  also  re- 
mains very  small  (  Vena  hemiazygos,  Hz). 
On  the  other  hand,  the  upper  part  above 
the  anastomosis  to  the  duct  of  Cuvier 
disappears.  Lastly,  tlie  common  large 
venous  trunk  is  so  absorbed  into  the  wall 
of  the  auricle  ( V)  that  both  venne  cavai 
have  each  a  separate  oritice  (p.  876). 
The  embryonic  condition  of  the  veins 
persists  in  tishes. 

Veins  of  the  First  and  Second  Circu- 
lation, and  Portal  System.  — The  two 
omphalo-mesenteric  veins  {om,  o'/iii^open 
into  the  posterior  or  venous  end  of  the 
tnbular  heart  (fig.  678,  1,  H).  The  right 
vein,  however,  disappears  veiy  soon.  As 
soon  as  the  allantois  is  formed,  the  two 
umbilical  veins  join  tlie  truncus  venosus 
(1,  u,  Uy).  At  first  the  omphalo-mesen- 
teric  veins  are  larger  than  the  umbilical 
veins  ;  at  a  later  period  tliis  is  reversed,  and  the  right  umbilical  vein  disappears.  As  soon  as 
veins  are  formed  within  the  body  proper  of  the  (nnbryo,  the  inferior  cava  also  opens  into  the 


Fig.  677. 

I,  First  appearance  of  the  veins  of  the  embryo.  II, 
Their  transformations  to  form  the  final  arrange- 
ment. 


om 


4.  ""'^ 

Fig.  678. 

Development  of  the  veins  and  portal  system.  H,  heart ;  R,  L,  right  and  left  side  of  tlie  body; 
o,a,  right  omphalo-raesenteric  vein  ;  oni^,  left;  u,  right  umbilical  vein  ;  t<i,  left ;  Ci,  vena 
cava  inferior  ;  a,  vena;  advehentes ;  /•,  venai  revehentes ;  D,  intestine  :  m,  mesenteric 
vein  ;  4,  I,  splenic  vein  ;  2,  I,  liver. 

truncus  venosus  (2,  Ci).  Gradually,  the  umbilical  vein  (2,  u^)  becomes  the  chief  trunk,  while 
the  small  omphalo-mesenteric  (2,  om^)  carries  little  blood. 

Portal  System.— The  umbilical  and  omphalo-mesenteric  veins  pass  in  part  direi  tly  under  the 
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liver  to  reach  the  heart.  They  send  branches-carrying  arterial  blood— to  the  liver,  and  the 
^tt  r  gr^s  round  these  vessels!^  These  branches  are  the  ven*  advehentes  (2  3  a  .  The 
l.lood  circulathi- through  the  liver  from  the  veme  advehentes  is  returned  by  othei  veins  the 
ven^irveheSL"8  2  and  3,  r),  which  reunite  at  the  blunt  margin  of  the  liver  with  the  chief 
trunk  of  tlie  umbilical  vein.  The  umbilical  vein  (3,  u,)  and  the  ompliii  o-inesenteric  vein 
i  L)  anastomose  in  tlie  liver.  When  the  intestine  develops  (3,  D),  the  me^enteru; 
vein  (>a)  opens  into  the  omphalo-mesenteric  vein,  and  the  splenic  vein  as  well  (4,  I), 
when  the  spleen  is  formed.  At  a  later  period,  when  the  omphalo-mesenteric  vein  (4,  om,) 
disappears,  the  vein  from  the  intestine  now  becomes  the  common  trunk  of  the  previously 
united  vessels.  It  unites  in  the  liver  with  the  umbilical  vein  to  form  the  trunk  of  the  vena 
portie  Wlien,  after  birth,  the  umbilical  vein  disappears  (4,  u^),  the  mesenteric  alone  remains 
as  the  portal  vein.  As  the  ductus  venosus  is  obliterated,  the  portal  vem  must  send  its  blood 
through  the  liver,  and  thus  the  portal  circulation  is  completed. 

449  FORMATION  OF  THE  INTESTINAL  CANAL.— The  primitive  intestine,  or  gut, 
consists 'of  a  straight  tube  proceeding  from  the  head  to  the  tail.  The  vitelline  duct  is  inserted 
at  that  point,  whicli  at  a  later  period  corresponds  ^to  the  lower  part  of  the  ileuni.    At  the  4th 


week  the  tube  makes  a 


f\\t  l)end  toward  the  umbilicus  (fig.  679,  I). 

m 


Fig.  679. 


679. — Development  of  the  intestine, 
vitelline  duct ;  t,  small  intestine  ;  c,  colon 


Fig.  680. 
v,  stomach ;  o,  insertion  of  the 


Fig, 

    "  Fig.  680.— For- 
mation of  the  lungs.  A,  Diverticula  of  the  lungs  as  double  sacs — k, 
mesoblastic  layer  ;  I,  hypoblastic  layer  ;  m,  stomach ;  s,  (esophagus.  B, 
Further  branching  of  the  lungs — t,  trachea  ;  h,  e,  bronchi  ;  /,  projecting 
vesicles. 


As  already  mentioned, 
the  vitelline  duct 
is  obliterated,  re- 
maining only  for  a 
time  as  a  thread 
attached  to  the  in- 
testine, being  still 
visible  at  the  3rd 
month.  Sometimes 
it  re  mains  as  a  short 
blind  tube  com- 
municating with 
the  intestine.  This 
is  the  ■  so-called 
"  trvs  intestinal 
diverticulum" ',  oc- 
casionally a  cord 
— the  obliterated 
omphalo  -  mesente- 
ric vessels — passes 
from  it  to  the  um- 
bilicus. In  very 
rare  cases,  the  duct 
may  remain  open 
as  far  as  the  um- 
bilicus, forming  a  congenital  fistula  of  the  ileum,  or  it  may  give  rise  to  cystic  formations  {M. 
Moth).  In  a  human  foetus  at  the  4th  week,  His  distinguished  the  cavity  of  the  mouth,  pharynx, 
(esophagus,  stomach,  duodenum,  mesenterial  intestine,  and  the  hind-gut,  with  the  cloaca.  The 
intestine  then  forms  the  first  coil  (fig.  679,  II)  by  rotating  on  itself  at  the  intestinal  umlnlicus, 
so  that  the  lower  part  of  the  intestine  lying  next  the  knee-like  bend  comes  to  lie  above,  while 
the  upper  part  lies  below.  From  the  lower  part  of  this  loop,  there  proceed  the  coils  of  the 
small  intestine  (III,  t),  which  gradually  grow  longer.  From  the  upper  limb  of  the  loop, 
which  also  elongates,  the  large  intestine  is  formed  ;  first  tlie  descending  colon,  then  by  elonga- 
tion the  transverse  colon,  and  lastly  the  ascending  colon. 

Glands.-— -By  diverticula,  or  protrusions  from  the  intestine,  the  various  glands  are  formed. 
The  cells  of  the  hypoblast  proliferate  and  take  part  in  the  process,  as  they  form  the  secretory 
cells  of  the  glands,  while  the  mesoblastic  part  of  the  splanchnopleure  forms  the  membranes  o[ 
the  glands,  giving  them  their  shape.    The  diverticula  are  as  follows  : — 

1.  The  salivary  glands,  which  grow  out  from  the  oral  cavity  at  first  as  simple  solid  buds, 
but  afterwards  become  hollow  and  branched.  [The  salivary  glands  are  developed  from  the 
epiblast  lining  the  mouth  (stomodieum).] 

2.  The  lungs,  which  arise  as  tAvo  separate  hollow  buds  (fig.  680,  A,  2),  and  ultimately  have 
only  one  common  duct,  are  protrusions  from  the  oesophagus.  The  upper  part  of  the  united 
tracheal  tube  forms  the  larynx.  The  epiglottis  and  the  thyroid  cartilage  originate  from  the 
part  which,  forms  the  tongue  {Gangliofncr).  The  two  hollow  spheres  grow  and  ramify  like 
l)ranched  tubular  glands  with  hollow  processes  (B,  /).  In  the  first  period  of  development,  there 
is  no  essential  difference  between  the  epithelium  of  the  bronchi  and  that  of  the  primitive  air- 
vesicles  {Stieda).  The  spleen  and  suprarenal  capsules,  however,  are  not  developed  in  this  way. 
The  former  arises  in  a  fold  of  the  mesogastrium  at  the  2nd  month  {His) ;  the  latter  are  origin 
ally  larger  than  the  kidneys. 
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3.  Tlie  pancreas  arises  iu  the  same  way  as  the  salivary  glands,  but  is  not  visible  at  the  4th 
week  {His). 

4.  The  liver  l)egiiis  very  early,  and  appears  as  a  diverticulum,  with  two  hoWow  jn-imitive  Iwpatic 
ducL'i,   whicli  branch  and  form  |-.  jjr 

bile-ducts.  At  their  peri[)hery  •» 
they  penetrate  between  the  solid 
masses  of  cells — the  liver-cells — 
which  are  derived  from  the  hypo- 
blast. At  the  2nd  month'  the 
liver  is  a  large  organ,  and  secretes 
at  the  3rd  month  (§  182). 

5.  In  birds  two  small  blind 
sacs  are  formed  from  the  hind-gut. 

6.  Tlie  foetal  respiratory  organ, 
the  allantolB,  is  treated  of  speci- 
ally (i?  444). 

Peritoneum  and  Mesentery.— 
The  inner  surface  of  the  ccclom, 
or  botly-cavity,  the  surface  of  the 
intestine,  and  its  mesentery  are 
covered  by  a  serous  coat — the 
peritoneum.  At  lirst  the  simple 
intestine  is  contained  in  a  fold, 
or  duplicaturo  of  the  peritoneum  ; 
on  the  stomach,  which  is  merely 
at  first  a  spindle-shaped  dilata- 
tion of  the  tube  placed  vertically, 
it  is  called  mesogastrium.  After- 
wards, the  stomach  turns  on  its 
side,  so  that  the  left  surface  is 
directed  forwards  and  the  right 
backwards.  Thus,  the  insertion 
of  the  mesogastrium,  which  ori- 
ginally was  directed  backwards  (to 
the  vertebral  column),  is  directed  to  the  left 


Fig.  681. 

Formation  of  the  omentum.  I  and  II. — luj,  gastro-hepatic 
ligament  ;  m,  great,  n,  lesser  curvature  of  the  stomach  ; 
ts,  posterior,  and  i,  anterior  fold  or  plate  of  the  omentum  ; 
VIC,  mesocolon;  c,  colon.  III. — L,  liver;  t,  small  intes- 
tine ;  b,  mesentery  ;  p,  pancreas ;  d,  duodenum  ;  r,  rectum  ; 


great  omentum. 


the  line  of  insertion  forming  the  region  of 


the 


Fig.  682.  m 


Development  of  the  internal  generative  organs.  I. ,  Undifierentiated  condition — D,  reproductive 
gland,  lying  on  the  tubules  of  the  Wolffian  body  ;  W,  Wolffian  duct ;  M,  Miillerian  duct ; 
S,  uro-genital  sinus.  II.,  Transformations  in  "the  female— F,  fimbria,  with  the  hydatid, 
li^;  T,  Fallopian  tube  ;  U,  uterus  ;  S,  uro-genital  sinus  ;  0,  ovary  ;  P,  parovariim..  III., 
Transformations  in  the  male— H,  testis  ;  E,  epididymis,  with  the  hydatid,  h  ;  a,  vas 
aberrans  ;  V,  vas  deferens  ;  S,  uro-genital  sinus  ;  u,  male  uterus.  4,  d,  hind-gut  ;  a, 
allantois  ;  m,  urachus  ;  K,  cloaca.  5,  M,  rectum  ;  m,  perineum  ;  h,  position  of  the  bladder; 
S,  uro-genital  sinus. 

great  curvature,  which  becomes  still  more  curved.  From  the  great  curvature,  the  mesogastrium 
becomes  elongated  like  a  pouch  (fig.  681,  I  and  II,  s,  i),  constituting  the  omental  sac,  which 
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♦extends  so  far  downwards  as  to  pass  over  the  transverse  colon  and  the  loops  of  the  small  intestine 
(III,  ^V).  As  the  niesogastriuni  originally  consists  of  two  plates,  of  course  the  omentum  must 
consist  of  four  plates.  At  the  4th  month,  the  posterior  surface  of  the  omental  sac  unites  with 
the  surface  of  the  transverse  colon  {Joh.  Mullcr). 

450.  URINARY  AND  GENERATIVE  ORGANS.— Urinary  apparatus. —The  first  indica- 
tion of  this  apparatus  occurs  in  the  chick  at  the  2nd  day  and  in  the  rabbit  at  the  9th,  as  the 
ducts  of  tlic  primitive  kidneys  or  Wolffian  ducts  (fig.  682,  1,  W),  which  are  formed  from  some 
cells  mapped  off  from  the  lateral  plate  above  and  to  the  side  of  the  protovertebrie,  and  extending 
from  the  fifth  to  the  last  vertebra.  The  ducts  are  .solid  at  first,  but  soon  become  hollow,  and 
from  their  cavities  there  extend  laterally  a  series  of  small  tubes,  which  in  the  chick  communi- 
cate freely  with  the  peritoneal  cavity  {KOllikcr).  Into  one  end  of  each  of  these  tubes  grows  a 
tuft  of  blood-vessels  forming  a  structure  resembling  the  glomeruli  of  the  kidney.  The  tubes 
elongate,  form  convolutions,  and  increase  in  number.  The  upper  end  of  the  Wolffian  duct  is 
(dosed  at  first,  its  lower  end,  which  lies  in  a  projecting  fold— the  jdica  urogenitalis  of  Waldeyer 
— in  the  peritoneal  cavity,  opens  into  the  uro-genital  sinus.  Close  above  the  orifice  of  the 
Wolffian  duct  aj^pears  the  ureter  as  the  duct  of  the  kidney.  The  duct  elongates,  and  branches 
at  its  upper  end.  Each  canal  at  its  end  is  like  a  stalked  caoutchouc  sac  {Toldt),  and  into  it 
there  grow  the  already  formed  glomeruli.  The  duct  of  the  kidney  opens  independently  into 
the  uro-genital  sinus,  and  forms  the  ureter.  The  part  where  the  branching  of  the  duct  stops 
forms  the  pelvis  of  the  kidney,  and  the  branches  themselves  the  renal  tubules.    Toldt  found 

Malpighian  corpuscles  in  the  human  kidney  at  the 
2nd  month,  and  Henle's  loops  at  the  4th.  The  first 
appearance  of  the  urinary  bladder  is  at  the  4th  week 
{His),  and  is  more  distinct  at  the  2nd  month,  as 
the  dilated  first  part  of  the  allantois  (fig.  682).  The 
upper  part  of  the  allantois  remains  as  the  obliterated 
urachus,  in  the  middle  vesicle  ligament. 

Internal  Reproductive  Organs. — In  front  of  and 
internal  to  the  Wolffian  bodies,  there  arises  in  the 
mesoblast  the  elongated  reproductive  gland,  germ- 
ridge,  or  mass  of  germ- epithelium  (fig.  682,  I,  D), 
which  in  both  sexes  is  originally  alike  (fig.  683,  K,  E). 
In  addition,  there  is  formed  a  canal  or  duct  parallel  to 
the  Wolffian  duct  (W),  which  also  o])ens  into  the 
uro-genital  sinus  ;  this  is  MiiUer's  duct  (M).  The 
elevation  of  the  future  reproductive  gland  is  covered 
originally  by  germ-epithelium  {Waldeyer).  The 
upper  end  of  the  Miillerian  duct  opens  free  into  the 
abdominal  cavity,  while  the  lower  ends  of  both  ducts 
unite  for  a  distance.  Some  of  the  germinal  cells 
covering  the  surface  of  the  future  ovary  enlarge  to 
Ibrm  ova,  and  sink  into  the  stroma  to  form  ova  em- 
bedded in  their  Graafian  follicles  (§  433)  (fig.  683), 
In  the  female,  the  Miillerian  ducts  form  the  Fal- 
lopian tube  (II,  T),  and  the  lower  united  ends  the 
uterus. 

In  the  male,  the  germ-epithelium  is  not  so  tall. 
According  to  Waldeyer,  there  are  two  kinds  of  tubes 
in  the  Wolffian  bodies,  and  some  of  these  penetrate 
the  position  of  the  l  eproductive  gland.  These  tubes, 
which  are  connected  with  the  Wolffian  ducts,  be- 
cojne  the  seminiferous  tubules  (v.  Wittieh),  and  the 
AVolffian  duct  itself  becomes  the  vas  deferens,  with 
the  vesiculaj  seminales.  According  to  some  other 
observers,  however,  tubes  which  become  the  semi- 
niferous tubules,  are  developed  within  the  reproduc- 
tive gland  itself,  and  these  tubes  lined  with  their 
f]!n  Kei'in-cp'thelium  ultimately  form  a  connection  with 
^^^^  the  Wolffian  ducts. 

The  Mullerian  ducts,  which  are  really  the  ducts 
of  the  reproductive  glands,  disappear  in  man,  all 
except  the  lowest  part,  which  becomes  the  male 
the  homologue  of  the  uterus.    The  upper  tubules  of  the 

ow  become  the 


Fig.  683. 

Section  of  mammalian  ovary  showing  de- 
velopment of  ova  and  their  follicles. 
Ei,  Ripe  ovum  ;  G,  follicular  cells  of 
germinal  epithelium  ;  (j,  blood-vessels  ; 
K,  germinal  vesicle  and  spot ;  KE, 
germinal  epithelium  ;  Lf,  liquor  folli- 
culi  ;  Mg,  membrana  granulosa  ;  Mp, 
zona  pellucida ;  PS,  ingrowths  from 
germinal  e])ithelium,  ovarian  tubes,  by 
means  of  which  some  of  the  nests  retain 
their  connection  with  the  epithelium ; 
S,  cavity  which  appears  within 
Graafian  follicle  ;  So,  stroma  of  ovary ; 
Tf,  Theca  folliculi  or  ovi-capsule  ;  U, 
])rimative  ova. 

uterus  or  vesicula  prostatica  (III,  u) 


Wolffian  body  unite  at  the  3rd  month  with  the  reproductive  "land  (which  has  nc 
body  of  the  testis)  and  become  the  coni  vasculosi  of  the  epididymis,  which  are  lined  by  ciliated 
epithelium  (E)  ;  the  remainder  of  the  Wolffian  body  disappears.    Some  detached  tubules  form 
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the  vasa  aberrantia  (re)  of  the  testicle  (KobcU).  The  hydatid  of  Movgagni  (h),  at  the  liead  of 
the  epididymis,  according  to  Luschka  and  others,  is  a  part  of  the  epididymis  — Fk'ischl  regards 
It  as  the  rudiment  of  the  male  ovary.  Tlie  organ  of  the  Giraldes  is  part  of  the  Wolffian  body. 
The  Wolffian  duct  itself  becomes  the  vas  deferens  (V)  from  which  the  vesicuhe  seniinales  are 
developed.  The  two  Wolffian  and  two  Miillerian  ducts,  as  they  enter  the  pelvis,  unite  to  form 
a  common  cord — the  genitaJ  cord. 

In  the  female,  the  tubes  of  the  Wolffian  bodies  disappear,  all  except  a  few  tubules,  lined  with 
ciliated  epithelium,  constituting  the  parovarixim,  or  organ  of  Rosenmiiller  (tig.  646),  and  a  part 
analogous  to  the  organ  of  Giraldes  in  the  broad  ligament  of  the  uterus  ( Waldeycr)  (fig.  682, 
P).  Th  e  same  is  the  case  with  the  Wolffian  ducts.  In  some  animals  (ruminants,  pig,  cat,  and 
fox)  they  remain  permanently  as  the  ducts  of  Gaertner. 

The  Miillerian  duct  is  frayed  out  at  its  upper  end  to  form  the  fimbria-  of  the  Fallopian  tube, 
and  it  is  often  provided  with  a  hydatid  (A').  That  part  of  the  uro-genital  sinus  into  which  the 
four  ducts  open  grows  above  into  a  hollow  sphere,  which  forms  the  vagina  {Rathkc).  Accord- 
ing to  Thiei-sch  and  Leuckart,  however,  the  two  Miillerian  ducts  unite  at  their  lower  ends  to 
form  the  united  uterus  (U)  and  vagina,  while  their  free  upper  ends  form  the  Fallopian  tubes  (T). 
The  Miillerian  ducts  at  first  open  into  the  posterior  part  of  the  urinary  bladder  below  the 
ureters  (uro-genital  sinus,  S),  while  ultimately  this  part  of  tlie  bladder  becomes  so  elongated 
posteriorly  that  the  vagina  (the  united  Miillerian  ducts)  and  the  urethra  are  united  below  and 
deeply  within  the  vestibule  of  the  vagina.  At  the  3rd  to  the  4th  month,  tlie  uterus  and 
vagina  are  not  separate  from  each  other,  but  at  the  5th  to  tlie  6th  month  the  uterus  is  defined 
from  the  vagina. 

The  testicles  lie  originally  in  the  lumbar  region  of  the  abdominal  cavity  (fig.  684,  V,  t),  and 
are  carried  by  a  fold  of  the  peritoneum — the  niesorchium  (m).  From  the  liilum  of  the  testicle 
a  cord,  the  grubemacidum  testis,  runs  through  the  inguinal  canal  into  the  base  of  the  scrotum. 
At  the  same  time  a  septum-like  process  is  developed  indejiendently  from  the  peritoneum  to  the 
base  of  the  scrotum  (j)v).  The  testicle  passes  through  the  inguinal  canal  into  the  scrotum,  but 
the  mechanism  and  the  cause  of  the  descent  arc  not  accurately  ascertained. — [Descent  of  testis, 
§  446.  J 

The  ovaries  also  descend  somewhat.  The  round  ligament  of  the  uterus  corresponds  to  the 
gubernaculum  testis.  A  process  of  the  peritoneum  passes  in  the  female  into  the  inguinal  canal 
as  Nuck's  canal.    It  is  rare  to  find  the  ovaries  descending  into  the  labia  majora. 

[The  origin  of  the  urinary  and  generative  organs  is  undoubtedlj'  associated  with  the  develop- 
ment of  the  Wolffian  bodies.  The  researches  of  Semper  and  Balfour  on  elasmobranch  fishes 
show  that  the  process  is  a  very  complex  one.  There  is  a  mass  of  cells  on  each  side  of  the  verte- 
bral column,  wiiich  is  divided  into  three  parts,  the  first  called  the  pronephros,  or  liead-kidney 
of  Balfour  and  Sedgwick,  the  middle  one,  the  mesonephros  or  Wolffian  body,  and  the  posterior 
one  or  metanephros,  which  is  formed  after  the  other  two,  gives  origin  to  the  permanent  kidney 
in  the  amniota.  The  IMiillerian  duct  is  connected  with  the  pronephros,  the  W^olffian  duct  with 
the  mesonephros,  and  the  ureter  with  the  metanephros.] 

[The  following  table,  modified  from  Quain,  .shows  the  destiny  of  these  structures  : — • 

^Mt'LLERiAN  Ducts  (Ducts  of  the  Pronephros). 

Female.  Male. 

Fallopian  tubes.  Hydatid  of  Morgagni. 

Hydatid.  Male  uterus. 
Uterus  and  vagina. 

Wolffian  Bodies  (Mesonephros). 

Parovarium.  Vasa  efferentia,  Coni  vasculosi. 

Paroophoron.  Organ  of  Giraldes,  Vasa  aberrantia. 

Round  ligament  of  the  uterus.  Gubei  naculum  testis. 

Wolffian  Ducts. 
Chief  tube  of  parovarium.  Convoluted  tube  of  epididymis. 

Ducts  of  Gaertner.  Vas  deferens  and  vesiculai  seniinales, 

Metanei'Heos. 
Kidney.  Ureter.] 

The  external  genitals  are  at  first  not  distinguishable  in  the  two  sexes  (fig.  684,  7).  At  the 
4th  week,  there  is  merely  an  orifice  at  the  posterior  extremity  of  the  trunk,  representing  both  the 
anus  and  the  opening  of  the  urachus,  and  forming  a  cloaca  (fig.  682,  4,  K).  In  front  of  this  an 
elevation — the  genital  eminence— appears  about  the  6th  week,  and  on  each  side  of  the  orifice  a 
larf^e  cutaneous  elevation  (//,  iv).  At  tlie  end  of  the  2nd  month,  there  is  a  groove  on  the  under 
surface  of  the  genital  eminence,  leading  back  to  the  cloaca,  and  with  distinct  walls  bounding  it 
(//  r).    At  the  middle  of  the  3rd  month,  the  cloacal  opening  is  divided  by  the  growth  of  the 
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perineum,  between'  the  urachus  (now  become  the  urinary  bladder)  (fig.  682,  5,  b)  and  the 

'^^Yn'the^ male  the  genital  eminence  enlarges,  its  groove  deepens  from  the  opening  of  the 
bladder  onw^'ds  to  the  apex  of  the  elevation°at  the  10th  week.    The  two  edge«  unite  to  enclose 


Development  of  the  external  genitals.  /.  and  //.—Genital  eminence  ;  r,  genital  groove  ;  s, 
coccyx  ;  w,  cutaneous  elevations.  IV.— P,  penis  ;  E,  raphe  penis  ;  S,  scrotum.  111.-- 
c,  clitoris  ;  I,  labia  minora  ;  /,  labia  majora  ;  a,  anus.  V.  and  F/— Descent  ot  the 
testicle  ;  t,  testis  ;  vi,  mesorchium  ;  2^^',  processus  vaginalis  of  the  peritoneum  ;  Al,  ab- 
dominal wall  ;  .S",  scrotum. 

the  f'roove  which  becomes  the  urethra.  When  this  does  not  take  place,  hypospadias  occurs. 
At  the  4th  month  the  glans,  and  at  the  6th  the  prepuce,  are  formed.  The  large  cutaneous 
folds  meet  in  the  middle  line  or  raphe  to  form  the  scrotum. 

In  the  female,  the  undifferentiated  condition  remains  to  a  certain  extent  permanent.  The 
small  genital  eminence  remains  as  the  clitoris,  the  margins  of  its  furrow  become  the  nymphae, 
the  cutaneous  elevations  remain  separate  to  form  the  labia  majora.    The  uro-geuital  sinus 


Fig. 


Fio 


685.  Fig.  686.  Fig.  687.  Fig.  688. 

685. — R,  rectum  continuous  with  the  allantois  (ALL — bladder)  ;  M,  duct  of  Miiller 
(vagina)  ;  A,  depression  of  skin  below  genital  eminence,  growing  inwards  to  form  the 
vulva.  Fig.  686.— The  depression  has  become  continuous  with  the  rectum  and  allantois 
to  form  the  cloaca  (CL).  Fig.  687. — The  cloaca  is  becoming  divided  into  uro-genital 
sinus  (SU)  and  anus  by  the  downward  growth  of  the  perineal  septum.  The  ducts  of  Miiller 
are  united  to  form  the  vagina  (V).    Fig.  688. — Perineum  completely  formed. 

remains  short  as  the  vestibule  of  the  vagina,  while  in  man,  by  the  closing  of  the  genital  groove, 
it  has  a  long  additional  tube,  the  urethra.  [The  accompanying  illustrations,  after  Schroeder, 
show  the  changes  of  the  external  organs  of  generation  in  the  female.  In  the  early  period  (6th 
week),  the  hind-gut  (fig.  685,  R),  allantois  (ALL),  and  the  Miillerian  ducts  (M)  communicate, 
but  not  with  the  exterior.  Aljoiit  the  10th  week  a  depression  or  inflection  of  the  skin  takes 
place,  genital  cleft,  until  it  meets  the  hind-gut  and  allantois,  whereby  the  cloaca  (fig.  686,  CL) 
is  formed.  The  cloaca  is  then  divided  into  an  anterior  part,  the  uro-genital  sinus,  into  which 
the  Miillerian  ducts  open,  and  a  posterior  part,  the  anu.s.  There  is  a  downward  gi-owth  of  the 
tissue  between  the  hind-gut  and  the  allantois  to  form  the  perineum  (fig.  687).  The  uro-genital 
sinus  then  contracts  at  its  upper  part  to  form  the  short  urethra,  its  lower  part  remaining  as  the 
vestibule  (fig.  688,  SV),  while  the  vagina  has  been  formed  by  the  union  of  the  lower  parts  of 
the  two  Miillerian  ducts.  The  bladder  (B)  is  the  expanded  lower  end  of  the  stalk  of  the 
allantois.] 

The  causes  of  the  difference  of  sex  are  by  no  means  well  known.  From  a  statistical  analysis 
of  80,000  cases,  the  influence  of  the  age  of  the  parents  has  been  shown  by  Hofacker  and 
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Sadler.  If  the  husband  is  younger  than  the  wife,  there  are  as  many  boys  as  £(irls  ;  if  both  arc 
ot  the  same  age,  there  are  1029  boys  to  1000  girls  ;  if  the  husbaiKfis  older,  1057  boys  to  1000 
girls.  In  insects,  food  has  a  most  important  intlueuce.  PHiiger's  investigations  on  frogs  show 
that  all  external  conditions  during  development  are  without  etfect  on  the  determination  of  the 
sex,  so  that  the  latter  would  seem  to  be  determined  before  impregnation. 

451.  FORMATION  OF  THE  CENTRAL  NERVOUS  SYSTEM.— Fore-brain.— At  each  side 
of  the  fore-brain,  or  anterior  cerebral  vesicle,  which  is  covered  externally  by  epiblast  and  in- 
ternally by  the  ependyma,  then- 
grows  out  a  large  stalked  hollow 
vesicle,  the  rudiment  of  the  cere- 
bral hemispheres.  The  relatively 
wide  opening  in  the  stalk,  or  com- 
munication, ultimately  becomes 
very  small,  and  is  the  foramen  of 
Jlonro.  The  middle  part  between 
tlie  two  cerebral  vesicles  remains 
small,  and  is  the  'tween  or  inter- 
brain  with  the  3rd  ventricle  in  its 
interior.  It  elongates  at  the  second 
month  towards  the  base  of  the  brain 
as  a  funnel-shaped  projection,  to 
form  the  tuber  cinereum  with  the 
infundibulum.  The  thalami  optici, 
projecting  and  enlarging  from  the 
sides  of  the  3rd  ventricle,  narrow  Ht 
the  foramen  of  Monro  to  a  semi- 
lunar slit.  At  the  base  of  the  brain 
are  formed,  in  the  2nd  month,  the 
corpora  albicantia,  at  the  3rd  the 
chiasina  ;  while  within  the  3rd  ven- 
tricle the  commissures  are  formed. 
Tlie  hypophysis,  belonging  to  the 
mid-brain,  is  a  (liverticulum  of  the 


Fig,  689. 


nasal  mucous  membrane,  extending  Transverse  section  of  the  brain  of  an  embryo  sheep  2*7  cm. 


long;  X  10.  «,  cartilage  of  orbito-sphenoid  ;  c,  peduncu- 
lar fibres  ;  ch,  optic  chiasm  ;  /,  median  cerebral  fissure  ; 
h,  cerebral  hemisplieres,  with  a  convolution  upon  their 
inner  wall,  projecting  into  the  lateral  ventricle,  I ;  tn, 
foramen  of  Monro ;  0,  optic  nerve ;  pharynx ;  ^7^, 
lateral  plexus  ;  5,  termination  of  the  median  fissure, 
which  forms  the  roof  of  the  third  ventricle  ;  sa,  body 
of  the  anterior  sphenoid  ;  st,  corpus  striatum  ;  t,  third 
ventricle  ;  th,  anterior  deep  portion  of  the  optic  thalamus 
{Kollikcr). 


through  the  base  of  the  skull  to 
wards  the  hollow  infundibulum, 
which  grows  to  meet  it  (fig.  50u, 
T).    There  is,  as  it  were,  a  tend- 
ency to  the  union  of  the  cavity  of 
the  fore-gut  with  the  medullary 
tube.    In  the  amphioxus  {Koical- 
ewsky),  goose  (Gasser),  and  lizard 
(Strahl)  the  medullary  tube  com- 
municated originally  with  the  hind- 
gut  by  the  canalis  myeloentericus. 
The  choroid  plexus,  which  grows  into  the  ventricles  of  the  hemispheres  through  the  foramen  of 
Monro,  is  a  vascular  development  of  the  ependyma.    At  the  4th  month,  the  conarium  (pineal 
gland)  is  formed,  and  at  tliis  time  the  corpora  quadrigemina  cover  the  hemispheres.   The  corpora 
striata  begin  to  be  develojied  in  the  cerebral  (lateral)  ventricle  at  tiie  2nd  month,  while  the  cornu 
ammonis  is  formed  at  the  4th  month.    [The  external  walls  and  Hoor  of  the  primitively  simple 
central  hemispheres  become  much  thickened,  the  thickenings  in  the  floor  constitute  the  corpora 
striata,  which  protrude  into  the  lateral  ventricles,  their  position  being  indicated  on  the 
surface  of  the  brain  by  the  Sylvian  fissure.    As  they  extend  backwards,  they  become  con- 
nected with  the  optic  thalami  (fig.  689,  sf,  th).    The  corpora  striata  are  connected  together  by 
the  anterior  commissure.    From  the  inner  wall  of  each  hemisphere,  there  grow  into  each 
lateral  ventricle  two  projections  ;  the  upper  one  forms  the  hippocampus  major  or  cornu 
ammonis  (fig.  689,  h),  while  the  lower  one  becomes  folded,  remains  thin,  receives  numerous 
blood-vessels  from  the  falx  cerebri,  and  forms  the  choroid  plexus  (fig.  689,  pi).]     At  the  3rd 
month  the  Sylvian  fissure  is  formed,  and  the  basis  of  the  island  of  Reil.    The  permanent 
cerebral  convolutions  are  formed  from  the  7th  month  onwards. 

The  mid-brain,  or  middle  cerebral  vesicle,  is  gradually  covered  over  by  the  backward  growth 
of  the  hemisplieres  ;  its  cavity  forms  the  aqueduct  of  Sylvius  (fig.  690).  Depressions  appear 
on  the  surface  of  the  vesicle  to  di\ade  it  into  four,  the  corpora  quadrigemina,  in  birds  into 
two,  the  corpora  bigeinina  (fig.  690,  bg),  the  longitudinal  depression  being  formed  at  tlie  3rd. 
and  the  transverse  one  at  the  7th  month.  The  cerebral  peduncle  is  formed  by  a  thickening 
in  the  base  of  this  vesicle. 
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In  the  hind-brain  are  found  the  cerebellar  hemispheres,  which  grow  backwards  to  meet  in 
the  middle  line.  The  vermis  is  formed  at  the  7th  month.  The  cerebellum  covers  m  the  part 
of  the  medullary  tube  lying  below  it,  which  is  not  closed,  as  far  as  the  calamus.  The  pons 
arises  in  the  floor  of  the  hind-brain  at  the  3rd  month. 

The  spindle-sliaped  narrow  after-brain  forms  the  medulla  oblongata,  with  the  opening  ot 
the  medullary  tube  in  its  upper  jiart. 

[The  following  table,  from  Quain,  shows  the  destiny  of  each  cerebral  vesicle  :— 

C  Cerebral  hemispheres,  corpora  striata, 
*  A    corpus    callosum,    fornix,  lateral 
ventricles,  olfactoi-y  bulb. 
(  Thalarai  optici,  pineal  gland,  pitui- 

■  <    tary  body,  crura  cerebri,  aqueduct 
of  Sylvius,  optic  nerve. 

(  Corpora  quadrigemina,  cruri  cerebri, 

■  aqueduct  of  Sylvius,  optic  nerve 
1^  (secondarily). 

Cerebellum,  pons,  anterior  part  of 


1. 


IL 


Anterior 
Vesicle, 


Middle 
Vesicle, 


Primary 


Primary  (  3. 


m. 


Posterior 
Vesicle, 


Primary 


I 
\ 


Prosencephalon,   ,  . 
(fore-brain) 

Thalamenccplmlon,  . 
(inter  or  'tween  brain ) 

Mescncephxilon, 
(mid-brain) 

Epenccplialon,  .    .  . 

(hind-brain) 
Mctcnce2')halon,     .  , 

(after-brain) 


the  fourth  ventricle. 


/  Medulla  oblongata,  fourth  ventricle, 


auditory  nerve. 


Spinal  Cord. — The  spinal  cord  is  developed  from  the  medullary  tube  behind  the  medulla 
oblongata,  first  the  grey  matter  around  the  canal,  while  the  white  matter  is  added  afterwards 

outside  this.  The  ganglionic  cells  increase 
by  division  in  amphibians  {Lominsky).  At 
first  the  spinal  cord  reaches  to  the  coccyx. 
In  the  adult,  the  spinal  cord  reaches  only 
to  the  1st  or  2nd  lumbar  vertebrse,  so  that 
it  does  not  elongate  so  much  as  the  verte- 
bra} can.  It  is  a  question  how  far  this  want 
of  harmony  in  the  development  of  these 
tvyo  structures  may  lead  to  disturbances  of 
sensibility  or  paralysis  of  the  lower  limbs  in 
children.  The  first  muscles  are  formed  in 
the  back  at  the  2nd  month  ;  at  the  4tli 
month  they  are  red.  The  spinal  ganglia 
are  formed  from  a  special  strip  of  epiblastic 
cells.  They  are  seen  at  the  4th  week,  and 
so  are  the  anterior  spinal  roots  and  some  of 
the  trunks  of  the  spinal  nerves,  while  the 
posterior  roots  are  still  absent.  At  this 
period  the  ganglia  of  the  5th,  7th,  8th,  9th, 
and  10th  nerves  and  part  of  their  origins 
are  present,  while  the  1st,  2nd,  3rd,  and 
12tli  nerves  and  the  sympathetic  are  not 
yet  far  differentiated  {His).  The  peripheral 
nerves  grow  out  from  the  ganglia  of  the 


Diagram 
terior 
velum. 


0/}C 

Fig.  690. 

of  an  embryonic  fowl's  brain.  ac,  an- 
commissure ;  amv,  anterior  meduUaiy 
and  below  it  the  aqueduct  of  Sylvius 


and  the  cerebral  peduncles  ;  ha,  basilar  artery 
hg,  corpora  bigemina ;  cai,  internal  caiotid 
artery ;  cbl,  cerebellum  ;  cK^,  ch*,  choroid  plexuses 
of  the  third  and  fourth  ventricles  ;  h,  cerebral 
hemispheres ;  inf,  infundibulum  ;  It,  lamina 
terminalis  ;  li,  lateral  ventricle ;  ohl,  medulla 
oblongata  ;  olf,  olfactory  lobe  and  nerve  ;  o;jc, 
optic  commissure  ;  pin,  pineal  gland  ;  ^;z<,  pitui- 
tary body  ;  ps,  pons  Varolii ;     floor  of  fourth  ven- 


tricle ;  st,  corpus  striatum 


third  ventricle ; 


u*,  fourth  ventricle  {Quain,  after  Mihalkovics). 


spinal  cord  (first  the  motor  and  afterwards 
the  sensory  nerves),  and  penetrate  into  the 
other  parts  of  the  body  {His).  At  first 
they  are  devoid  of  myelin. 


452.  THE  SENSE  ORGANS,— Eye.— The  primary  optic  vesicle  grows  out  from  the  fore- 
brain  towards  the  outer  covering  of  the  head  or  epiblast,  and  soon  becomes  folded  in  on  itself 
(4th  week),  so  that  the  stalked  optic  vesicle  is  shaped  like  an  egg-cup  (fig.  691,  I).  The  cavity 
in  the  interior  of  this  cup  is  called  the  secondary  optic  vesicle.  The  inflected  part  becomes 
the  retina  (IV,  r),  while  the  posterior  part  becomes  the  choroidal  epithelium  (IV,  p).  The 
stalk  becomes  the  optic  nerve.  At  the  under  surface  of  the  depression  there  is  a  slit— the 
choroidal  fissure— which  permits  some  of  the  mesoblast  to  gain  access  to  the  interior  of  the 
eye.  This  slit  forms  the  coloboma  (II);  it  is  prolonged  backward  on  the  stalk,  and  contains 
the  central  artery  of  the  retina.  The  margins  of  the  coloboma  afterwards  unite  completely 
with  each  other,  but  in  some  rare  conditions  this  does  not  take  place,  in  which  case  we  have  to 
deal  with  a  coloboma  of  the  choroid  or  retina,  as  the  case  may  be.  In  the  bird  the  embryonic 
coloboma  slit  does  not  close  up,  but  a  vascular  process  of  the  mesoblast  dips  into  it,  and  passes 
into  the  eye  to  form  the  pecten  (p.  796).  The  same  is  the  case  in  fishes,  where  there  is  a  larcre 
vascular  process  of  the  nieso-  and  epiblast  forming  the  processus  falciformis  (p.  796).  * 

The  depression  or  inflection  of  the  optic  vesicle  is  due  to  the  downgrowth  into  it  of  a 
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thiekeuing  of  the  epiblast(I,  L).  It  is  hollow,  and  as  it  grows  inwards  ultimately  becomes 
spherical  and  separated  from  the  epiblast  to  form  the  crystalline  lens,  so  that  the  lens  is  epi- 
blastic  in  its  origin,  while  the  capsule  of  the  lens  is  a  cutieulur  structure  formed  from  the  epiblast. 
That  part  of  the  epiblast  whicli  covers  the  vesicle  in  front  of  the  lens  ultimately  becomes  the 
stratified  epithelium  of  the  cornea.  The  layer  of  pigment  of  the  invaginated  optic  vesicle  is 
applied  to  the  ciliary  body,  and  the  posterior  surface  of  the  iris,  when  the  latter  is  formed, 
Tlie  cornea  is  formed  at  the  6th  week.  The  substance  of  the  choroid,  sclerotic,  and  cornea  is 
formed  around  the  position  of  the  e3'e  from  the  mesoblast  (m).  The  capsule  of  the  lens  is 
at  first  completely  surrounded  by  a  vascular  membrane— the  membrana  capsulo-pupillaris. 
Aftmvards,  the  lens  passes  more  posteriorly  into  the  eye— the  anterior  part  of  the  capsulo- 
pupillary  membrane,  however,  remains  iu  the  anterior  part  of  the  eye,  while  towards  it  grows 


Fig.  691. 

Development  of  the  eye.  I.,  Inflexion  of  the  sac  of  the  lens  (L)  into  the  primary  optic  vesicle 
(P) — e,  epidermis  ;  m,  mesoblast.  II.,  The  inflexion  seen  from  below^ — n,  optic  nerve  ;  c, 
the  outer,  i,  the  inner  layer  of  the  inflected  vesicle  ;  L,  lens.  III.,  Longitudinal  section 
of  II.  IV.,  Further  development — e,  corneal  epithelium  ;  c,  cornea ;  m,  membrana 
capsulo-puinllaris  ;  L,  lens  ;  a,  central  artery  of  the  retina ;  s,  sclerotic  ;  ch,  choroid  ;  p, 
pigment  layer  of  the  retina  ;  r,  retina.    V.,  Persistent  remains  of  the  pupillary  membrane. 

tlie  margin  of  the  iris  (7th  week),  so  that  the  pupil  is  closed  by  this  part  of  the  vascular  cajisule, 
membrana  pupillaris.  The  blood-vessels  of  the  iris  are  continuous  with  those  of  the  pupillary 
membrane  ;  tliose  of  the  posterior  capsule  of  the  lens  give  oft"  the  hyaloid  artery,  a  continuation 
of  the  central  artery  of  the  retina  ;  its  veins  pass  into  those  of  the  iris  and  choroid.  The 
vitreous  humour  at  the  4th  week  is  repi-esented  by  a  cellular  mass  between  the  lens  and  the 


Fig.  692. 

Early  stages  in  the  development  of  the  vertebrate  car.  A-D,  Early  stages  in  the  chick  (Rcissner). 
E,  Transverse  section  through  the  auditory  pit  of  a  50  hours'  chick  (Marshall).  F,  Trans- 
verse section  through  the  hind-brain  of  a  festal  sheep,  acv,  anterior  cardinal  (jugular) 
vein  ;  am,  amnion  ;  ao,  aortic  arch  ;  ce,  cochlea  ;  rr,  recessus  (aqueductus)  vestibuli  ;  v, 
vcstibulura  ;  vc,  vertical  semicircular  canal ;  viii,  auditory  nerve. 

retina.    The  pupillary  membrane  disappears  at  the  7th  month.    It  may  remain  throughout 

life  (V).  »  ,  ,    .     ,       .,  1  p 

Organ  of  Smell.— On  the  under  surface  and  lateral  limit  of  the  fore-bram,  the  epiblast  forms 
a  groove  or  pit  with  thickened  epithelium,  which  forms  a  depression  towards  the  brain,  but 
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always  remains  as  a  pit  or  depression ;  tliis  is  the  olfactory  or  nasal  pit,  to  which  the  olfactory 
nerve  afterwards  sends  its  branches.    For  the  formation  of  the  nose,  see  p.  879. 

Organ  of  Hearing. — On  both  sides  of  the  after-brain  or  posterior  brain  vesicle,  above  the 
fn-st  visceral  or  hyoid  arch,  there  is  a  depression  or  pit  formed  in  the  epiblast,  which  gi-adually 
extends  (leei)er  towards  the  brain — this  is  the  labyrinth  pit  or  auditory  sac,  which  soon  becomes 
Mask-shaped  (fig.  692,  A,  B). 

[Tlie  stalk,  wliich  originally  connected  the  cavity  of  the  sac  with  the  surface,  persists  as  the 
aqueductus  vestibuli ;  and  its  blind  swollen  distal  extremity  as  the  saccus  endolymphaticiis, 
or  recessus  vestibuli  {Hculdon,  fig.  692,  r,  v).]  The  pit  is  ultimately  completely  cut  off  from 
the  epiblast,  just  like  the  lens,  and  is  now  called  the  vesicle  of  the  labyrinth  or  primary 
auditory  vesicle.  Its  related  portion  forms  the  utricle,  from  which,  at  the  2nd  month,  the 
semicircular  canals  and  the  cochlea  aie  developed  (fig.  692,  D).  The  union  with  the  brain 
occurs  later,  along  with  the  development  of  the  auditory  nerve.  The  first  visceral  cleft  remains 
as  an  irregular  passage  from  the  Eustachian  tube  to  the  external  auditory  meatus.  The  outer 
car  appears  at  the  7th  week. 

Organ  of  Taste. — The  gustatory  papillre  are  developed  in  the  later  period  of  intra-uterine  life, 
and  several  days  before  birth  the  taste-buds  appear  (^V.  Hermann). 

453.  BIRTH. — With  the  growth  of  the  ovum,  the  uterus  becomes  more  dis- 
tended, its  walls  more  muscular  and  more  vascular,  although  the  uterine  walls  are  not 
thicker  at  the  end  of  pregnancy.  Toward  the  end  of  gestation  the  cervical  canal  is 
intact  until  labour  begins,  or  at  any  rate  it  is  but  slightly  opened  up  at  its  upper  part. 
After  a  period  of  280  days  of  gestation,  "labour"  begins,  whereby  the  contents  of 
the  uterus  are  discharged.  The  labour  pains  occur  rhythmically  and  periodically, 
being  separated  from  each  other  by  intervals  free  from  pain.  Each  pain  begins 
gradually,  reaches  a  maximum,  and  then  slowly  declines.  With  feach  pain  the  heat 
of  the  uterus  increases  (§  303),  while  the  heart-beat  of  the  foetus  becomes  slower  and 
feebler,  which  is  due  to  stimulation  of  the  vagus  in  the  medulla  oblongata  (§  369, 
3). 

[At  the  full  time  the  membranes  and  placenta  line  the  uterus.  The  membranes 
consist,  from  within  outwards,  of  amnion,  chorion,  decidua  reflexa,  and  decidua 
vera.  The  fundi  of  the  uterine  glands  persist  in  the  deep  part  of  the  decidua  vera, 
and  thus  form  a  spongy  layer,  the  part  above  this  being  the  compact  layer  in  the 
deep  part  of  the  placenta,  e.g.,  near  the  uterine  wall,  we  have  also  the  fundi  of  the 
uterine  gland  persisting  in  the  decidua  serotina.  When  the  placenta  and  mem- 
branes are  expelled  after  birth,  the  line  of  separation  takes  place  in  the  part  of 
the  membranes  and  placenta  where  the  fundi  of  the  glands  persist.  After  labour 
is  completely  finished,  the  uterus  is  lined  by  the  remains  of  the  spongy  layer  of  the 
decidua  vera  and  serotina,  e.g.,  is  lined  by  a  layer  which  contains  the  fundi  of  the 
uterine  glands.  The  new  mucous  membrane  is  regenerated  by  the  growth  of  the 
epithelium  and  connective-tissue  in  this  part.  The  membranes  expelled  are  made 
up  of  amnion,  chorion,  deciduae  reflexae,  and  the  compact  layer  of  the  decidua  vera.] 

The  uterine  movements  during  labour  proceed  in  a  peristaltic  manner  from  the 
Fallopian  tube  to  the  cervix,  and  occupy  20  to  30  seconds.  In  the  curve  registered 
by  these  movements  there  is  usually  a  more  steep  ascent  than  descent. 

[Power  in  Ordinary  Labour. —Sometimes  the  ovum  is  expelled  whole,  the  membranes  con- 
taining the  liquor  amnii  remaining  unruptured.  Poppel  has  pointed  out  that  the  force  which 
ruptures  the  bag  of  membi-anes  is  sufficient  to  complete  deliveiy,  so  that,  as  Matthews  Duncan 
remarks,  the  strength  of  the  membranes  gives  us  a  means  of  ascertaining  the  power  of  labour 
in  the  easiest  class  of  natural  labours.  Matthews  Duncan,  from  experiments  on  the  pressure 
requu-ed  to  rupture  the  membranes,  concludes  that  the  great  majority  of  labours  are  completed 
by  a  propelling  force  not  exceeding  40  lbs.] 

Polaillon  estimates  the  pressure  exerted  by  the  uterus  upon  the  foetus  at  each  pain  to  be  154 
kilos.  [338-8  lbs.],  so  that,  according  to  this  calculation,  the  uterus  at  each  pain  performs  8820 
kilogrammetres  of  work  (§  301).    [This  estimate  is  certainly  far  too  high.] 

After-Birth.— After  the  fojtus  is  expelled,  the  i)lacenta  remains  behind  ;  but  it  is  soon 
expelled  by  the  contractions  of  the  uterus.    During  the  contraction  of  the  uterus  to  expel  the 
placenta,  a  not  inconsiderable  amount  of  the  placental  blood  is  forced  into  the  child  (§  40)  [It 
is  more  probable  that  the  child  aspirates  the  blood  from  the  fcctus  portion  of  the  placenta 
This  can  be  seen  in  late  ligature  of  the  cord.    The  child  may  thus  gain  two  ounces  of  blood  ] 
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After  a  time  the  i)lacenta,  tlie  membranes,  and  the  decidua— constituting  the  a/lcr-birth— are 
expelled. 

Influence  of  Nerves  on  the  Uteras.— 1.  Stimulation  of  the  hypogastric  plexus  causes  con- 
traction of  the  uterus.  Tlii'  fibres  arise  from  the  spinal  cord,  from  the  last  dorsal,  and  upper 
three  or  four  lumbar  nerves,  run  into  the  sympathetic,  and  then  reach  the  hypogastric  plexus 
{FrankcnhdiLser).  2.  Stimulation  of  the  nervi  erigentes,  which  are  derived  from  the  sacral 
plexus,  causes  movement  {v.  Basch  atid  Hofmann).  3.  Stimulation  of  the  lumbar  and  sacral 
parts  of  the  cord  causes  powerful  movements  (Spiegelberg).  There  is  a  centre  for  the  act  of 
■parturition  in  the  lumbar  region  of  the  cord  (§  362,  6).  The  uterus,  like  the  intestine,  prob- 
ably contains  imlcpendent  or  parenchymatoiis  nerve-centres  {Kiinwr),  which  can  be  excited  by 
suspension  of  the  respiration,  and  by  anaimia  (by  compressing  the  aorta,  or  rapid  hajmorrhage). 
Decrease  of  the  bodily  temperature  diminishes,  while  an  increase  of  tlie  temperature  increases 
the  movement,  which,  however,  ceases  during  high  fever  [Fromvie).  The  experiments  made  by 
Rein  upon  bitches  show  that,  if  all  the  nerves  going  to  the  uterus  be  divided,  practically  all  the 
functions  connected  with  conception,  pregnancy,  and  parturition  can  take  place,  even  although 
the  uterus  is  separated  from  all  its  cerebro-spinal  connections.  Hence,  we  must  look  to  the 
presence  of  some  automatic  ganglia  in  the  uterus  itself.  According  to  Dembo,  there  is  a 
centre  in  the  anterior  wall  of  the  vagina  of  the  rabbit.  According  to  Jastreboff,  the  vagina  of 
the  rabbit  contracts  rhythmically.  Sclerotic  acid  greatly  excites  the  uterine  contractions  (u 
Swiecicki),  so  docs  amemia  {Kronecker  and  Jastrebqf).  4.  The  uterus  contracts  reflexly  on 
stimulating  the  central  end  of  the  sciatic  nerve  (  v.  Basch  and  Hofmann),  the  central  end  of  the 
branchial  plexus  [Schlesimjer),  and  the  nipple  {Scanzoni).  5.  The  uterus  is  supplied  by  vaso- 
motor nerves  (hypogastric  plexus),  which  come  from  the  splanchnic  ;  and  also  by  vaso-dilator 
fibres,  the  latter  through  the  nervi  erigentes.  The  vaso-motor  nerves  are  affected  reflexly  by 
Stimulation  of  the  sciatic  nerve  {v.  Basch  and  Hofmann). 

[In  the  rabbit  the  vagina  and  uterine  cornua  exhibit  regular  movements  of  a  "peristaltic" 
nature.  These  exist  a)iart  from  any  extraneous  stimulus,  and  are  probably  a  vital  property  of 
the  tissue.  They  can  be  demonstrated  in  animals  a  few  weeks  old,  and  have  been  recorded 
continuously  for  many  hours.  Frequently  they  are  more  vigorous  six  hours  after  than  at  the 
beginning,  showing  that  they  are  not  due  to  the  irritation  of  the  operation  necessary  to  demon- 
strate them. 

Their  rate  and  extent  vary.  In  young  animals  they  are  frequent  (1  to  4  per  minute),  but 
irregular  in  character.  In  nulliparous  adults  they  are  less  frequent  and  somewhat  more 
regular.  During  pregnancy  they  increase  greatly  in  extent,  and  their  rate  becomes  1  in  120  to 
130  seconds.  These  characters  are  retained  after  pregnancy  for  many  months  at  least.  They 
are  diminished  or  abolished  by  chloroform  narcosis,  are  scarcely  affected  by  ether.  Water  at 
100°  to  120°  F.  produces  a  persistent  contraction  accompanied  by  blanching  of  the  tissue. 
Similar  effects  are  produced  by  dilute  acetic  acid  {Milne  Mui-ray).] 

Lochia. — After  birth  the  whole  mucous  membrane  (decidua)  is  shed ;  its  inner 
surface,  therefore,  represents  a  large  wounded  surface,  on  which  a  new  mucous 
membrane  is  developed.    The  discharge  given  off  after  birth  constitutes  the  lochia. 

Involution  of  the  Uterus. — -After  birth  the  thick  muscular  mass  decreases  in 
size,  some  of  its  hbres  undergoing  fatty  degeneration.  Within  the  lumen  of  the 
blood-vessels  of  the  uterus  itself,  there  begins  in  the  interna  of  these  vessels  a  pro- 
liferation of  the  connective-tissue  elements,  whereby  within  a  few  months  the  blood- 
vessels so  affected  become  completely  occluded.  The  smooth  muscular  fibres  of 
the  middle  coat  of  the  arteries  undergo  fatty  degeneration.  The  relatively  large 
vascular  si)aces  in  the  region  of  the  placenta  are  filled  by  blood-clots,  which  are 
ultimately  traversed  by  outgrowths  of  the  connective-tissue  of  the  vascular  walls. 

Milk-Fever. — After  birth,  there  is  a  peculiar  action  on  the  vaso-motor  system, 
constituting  milk-fever,  while  at  the  2nd  to  3rd  day  there  is  a  more  copious  supply 
of  blood  to  the  mammary  gland  for  the  secretion  of  milk  (§  231).  [After  birth 
the  pulse  becomes  slow  and  remains  so  in  a  normal  puerperium.  The  so-called 
milk-fever  is  not  found  in  cases  where  strict  cleanliness  is  observed  during  the 
labour  and  puerperium.]  For  the  cause  of  the  first  respiration  in  the  child,  see 
p.  666, 

454.  COMPARATIVE— HISTORICAL. —A  sketch  of  the  development  of  man  must  neces- 
sarily have  some  reference  to  the  general  scheme  of  development  in  the  Animal  Kingdom. 
The  question  as  to  how  the  numerous  forms  of  animal  life  at  present  existing  on  the  globe  have 
arisen  has  been  answered  in  several  ways.  It  has  been  asserted  that  each  species  has  retained 
its  characters  unchanged  from  the  beginning,  so  that  Ave  speak  of  the  "  constancy  of  species." 
This  view,  developed  by  Linntcus,  Cuvier,  Agassiz,  and  others,  is  opposed  by  that  supported 
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by  Lamarck  1809,  or  the  doctrine  of  the  "Unity  of  the  Animal  Kingdom,"  corresponding  to 
the  ancient  view  of  Empedoeles,  tliat  all  species  of  animals  were  derived  by  variations  from  a 
few  fundamental  forms  ;  that  at  lirst  tliere  were  only  a  few  lower  forms  from  which  the 
numerous  species  were  developed — a  view  supported  by  Geoffrey  St  Hilaire  and  Goethe.  After 
a  lone  period  this  view  was  restated  and  elucidated  in  the  most  brilliant  and  most  fruitful 
manirer  by  Charles  Darwin  in  his  "Origin  of  Species  "  (1859)  and  other  works.  He  attempted 
to  show  how  modifications  may  be  brought  about  by  uniform  and  varying  conditions  acting  for 
a  long  time.  Amongst  created  beings  each  one  struggles  with  its  neighbour,  so  that  there  is  a 
real  "  struggle  for  existence. "  Many  qualities,  such  as  vigour,  rapidity,  colour,  reproductive 
activity,  &c.,  are  hereditary,  so  that  in  this  way  by  "natural  selection"  there  may  be  a 
gradual  improvement,  and  therewith  a  gradual  change  of  tiie  species.  In  addition,  organisms 
can,  within  certain  limits,  accommodate  themselves  to  their  surroundings  or  environment.  Thus 
certain  useful  organs  or  parts  may  undergo  development,  while  inactive  or  useless  parts  may 
undergo  retrogression,  and  form  "rudimentary  organs."  This  process  of  "natural  selection," 
causing  gradual  changes  in  the  form  of  organisms,  finds  its  counterpai't  in  "artificial  selection  " 
amongst  plants  and  animals.  Breeders  of  animals,  for  example,  by  selecting  the  proper  crosses, 
can  within  a  relatively  short  time  produce  ver\'^  material  alterations  in  the  form  and  characters 
of  the  animals  which  they  breed,  the  changes  being  more  pronounced  than  many  of  those 
that  separate  well-defined  species.  But,  just  as  with  artificial  selection,  there  is  sometimes  a 
sudden  "reversion"  to  a  former  type,  so  in  the  development  of  species  by  natural  selection 
there  is  sometimes  a  condition  of  atavism.  Obviously,  a  wide  distribution  of  one  species  in 
different  climates  must  increase  the  liability  to  change,  as  very  different  conditions  of  environ- 
ment come  into  play.  Thus,  the  migration  of  organisms  may  gradually  lead  to  a  change  of 
species. 

Biological  Law. — Without  discussing  the  development  of  different  organisms,  we  may  refer 
to  the  '■'■fundamental  biological  law  "  of  Haeckel,  viz.,  "  that  the  ontogeny  is  a  short  repetition 
of  the  phylogeny,"  [ontogeny  being  the  history  of  the  ilevelopment  of  single  l)eings,  or  of  the 
individual  from  the  ovum  onwards,  while  phylogeny  is  the  history  of  the  development  of  a 
tvholc  stock  of  organisms,  from  the  lowest  forms  of  the  series  upwards]  (p.  xxxv).  AVhen  applied 
to  man,  this  law  asserts  that  the  individual  stages  in  the  course  of  the  development  of  the 
human  embryo,  e.g.,  its  existence  as  a  unicellular  ovum,  as  a  group  of  cells  after  complete 
cleavage,  as  a  blastodermic  vesicle,  as  an  organism  without  a  body-cavity,  &c. ;  that  these 
stages  of  development  indicate  or  represent  so  many  animal  forms,  through  which  the  human 
species  in  the  course  of  untold  ages  has  been  gradually  evolved.  The  individual  stages  which 
the  human  race  has  passed  in  this  process  of  evolution  are  rapidly  rehearsed  in  its  embryonic 
development.  This  conception  has  not  passed  without  challenge.  In  any  case,  the  comparison 
of  the  human  development  and  its  individual  organs  with  the  corresponding  perfect  organs  of 
lower  vertebrates  is  of  great  importance.  Thus,  a  mammal  during  the  development  of  its 
organs  is  originally  possessed  of  the  tubular  heart,  the  branchial  clefts,  the  undeveloped  brain, 
the  cartilaginous  chorda  dorsalis,  and  many  arrangements  of  the  vascular  system,  &c),  which 
are  permanent  throughout  the  life  of  the  lowest  vertebrates.  These  incomplete  stages  are  per- 
fected in  the  ascending  classes  of  vertebrates.  Still,  there  are  many  difficulties  to  coiitend  with 
in  establishing  both  the  evolution  hypothesis  of  Darwin  and  the  biological  law  of  Haeckel. 

Historical.— Although  the  impetus  to  the  study  of  the  history  of  development  has  been  most 
stimulated  in  recent  times,  the  ancient  philosophers  held  distinct  but  very  varied  views  on  the 
question  of  development.  Passing  over  the  views  of  Pythagoras  (550  B.C.)  and  Anaxa^oras 
(500  B.C.),  Empedoeles  (473  B.C.)  taught  that  the  embryo  was  nourished  throu<^h°  the 
umbilicus  ;  while  he  named  the  chorion  and  amnion.  Hippocrates  observed  incubated  ecgs 
from  day  to  day,  noticed  that  the  allantois  protruded  through  the  umbilicus,  and  observed  that 
the  chick  escaped  from  the  egg  on  the  20th  day.  He  taught  that  a  7  month.s'  fretus  was  viable, 
and  explained  the  possibility  of  superftetation  from  the  horns  of  the  uterus.  The  writings  of 
Aristotle  (born  384  B.C.)  contain  many  references  to  development,  and  many  of  them  are 
already  referred  to  in  the  text.  He  taught  that  the  embryo  receives  its  vascular  supply 
through  the  umbilical  vessels,  and  that  the  placenta  sucked  the  blood  from  the  vascular  uterus 
like  the  rootlets  of  a  tree  absorbing  moisture.  He  disting\iished  the  polycotyledonary  from  the 
diffuse  ]ilacenta  ;  and  he  referred  the  former  to  animals  without  a  complete  row  of  teeth  in  both 
jaws.  In  the  incubated  egg  of  the  chick  he  distinguished  the  blood-vessels  of  the  umbilical 
vesicle,  which  carried  food  from  the  cavity  of  the  latter,  and  also  the  allantois.  He  also 
observed  that  the  head  of  the  chick  lay  on  its  right  leg,  and  that  the  umbilical  sac  was  ulti- 
mately absorbed  into  the  body.  The  formation  of  double  monsters  he  ascribed  to  the  union  of 
two  germs  or  two  embryos  lying  near  each  other.  During  generation  the  female  produces  the 
matter,  the  male  the  principle  which  gives  it  form  and  motion.  There  are  also  numerous 
references  to  reproduction  in  the  lower  animals,  Erasistratus  (304  B.C.)  described  the  embrvo 
as  arising  by  new  formations  in  the  ovum— Epigenesis,— while  his  contemporary  Herophilus 
found  that  the  pregnant  uterus  was  clo.sed.  He  was  aware  of  the  glandular  nature  of  the 
prostate,  and  named  the  vesiculae  seminalis  and  the  epididymu.s,  Galen  (131-203  a  d  )  was 
ac(iuainted  with  the  existence  of  the  foramen  ovale,  and  the  course  of  the  blood  in  the  foetus 
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through  it,  and  through  the  ductus  arteriosus.  He  was  also  aware  of  the  physiological  relation 
between  the  breast  and  the  blood-vessels  of  the  uterus,  and  he  described  how  the  uterus  con- 
tracted on  pressure  being  applied  to  it.  In  the  Talmud  it  is  stated  that  an  animal  with  its 
uterus  extirpated  may  live,  that  the  pubes  separates  during  liirth,  and  there  is  a  record  of  a  case 
of  CiBsarian  section,  the  child  being  saved.  Sylvius  described  the  value  of  the  foramen  ovale  ; 
Vesalius  (1540)  the  ovarian  follicles  ;  Eustachius  (t  1570)  the  ductus  arteriosus  (Botalli)  and  the 
branches  of  the  uml»ilical  vein  to  the  liver.  Arantius  investigated  the  duct  which  bears  his 
name,  and  he  asserted  that  the  umbilical  arteries  do  not  anastomose  with  the  maternal  vessels 
in  the  placenta.  In  Libavius  (1597)  it  is  stated  that  the  chikl  may  cry  in  ntcro.  Kiolan  (1618) 
was  aware  of  the  existence  of  the  corpus  Highmorianum  testis.  Pavius  (1657)  investigated  the 
position  of  the  testes  in  the  lumbar  region  of  the  fcetus.  Harvey  (1633)  stated  the  funda- 
mental axiom,  "Omne  vivum  exovo."  Fabricius  ab  Aquapeudente  (1600)  collected  the  materials 
kn  own  for  the  history  of  the  development  of  the  chick.  Regner  de  Graaf  described  more  care- 
fully the  follicles  which  bear  his  name,  and  he  found  a  mammalian  ovum  in  the  Fallopian  tube 
Swammerdam  (t  1685)  discovered  metamorphosis,  and  he  dissected  a  butterfly  from  the 
chrysalis  before  the  Grand  Duke  of  Tuscany.  He  described  the  cleavage  of  the  frog's  egg. 
Malpighi  (t  1694)  gave  a  good  description  of  the  development  of  the  chick  with  illustrations, 
Hartsoecker  (1730)  asserted  that  the  spermatozoa  pass  into  the  ovum.  The  first  half  of  the 
18th  century  was  occupied  ^vith  a  discussion  as  to  whether  the  ovum  or  the  sperm  was  the  more 
important  for  the  new  formation  (the  Ovulists  and  Spermatists)  ;  and  also  as  to  whether  the 
fcetus  was  formed  or  developed  within  the  ovum  (Epigenesis),  or  if  it  merely  increased  iu 
growth.  The  question  of  spontaneous  generation  has  been  frequently  investigated  since  the 
time  of  Needham  in  1745. 

New  Epoch. — A  new  epoch  began  with  Caspar  Fried.  Wolff  (1759),  who  was  the  first  to 
teach  that  the  embryo  was  formed  from  layers,  and  that  the  tissues  were  composed  of  smaller 
parts  (corresponding  to  the  cells  of  the  present  period).  He  obsei'ved  exactly  the  formation  of 
the  intestine.  "William  Hunter  (1775)  described  the  membranes  of  the  pi'egnant  uterus. 
Soemmering  (1799)  described  the  formation  of  the  external  human  configuration,  and  Oken  and 
Kieser  that  of  tlie  intestines.  Okeu  and  Goethe  taught  that  the  sknll  was  composed  of 
vei'tebrre.  Tiedemann  described  the  formation  of  the  brain,  and  Meckel  that  of  monsters. 
The  basis  for  the  study  of  the  development  of  an  animal  from  the  layers  of  the  embryo  was  laid 
by  the  researches  of  Pander  (1817),  Carl  Ernst  v.  Baer  (1828-1834),  Remak,  and  many  other 
observers  ;  and  Schwann  was  the  first  to  trace  the  development  of  all  the  tissues  from  the  ovum. 
[Schleiden  enunciated  the  cell-theory  with  reference  to  the  minute  structure  of  vegetable  tissues, 
while  Schwann  applied  the  theory  to  the  structure  of  animal  tissues.  Amongst  those  whose 
names  are  most  prominent  in  connection  with  the  evolution  of  this  theory  are  Martin  Barry, 
von  Mohl,  Leydig,  Remak,  Goodsir,  Virchow,  Beale,  Max  Schultze,  Briicke,  and  a  host  of  recent 
observers.] 
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1878  ;  and  his  Servetus  and  Calvin,  London,  1877.    Biographisches  Lexikon,  Vienna,  1884. 

ENCYCLOP.(EDIAS.— E.  Wagner,  Handworterbuch  der  Physiologie,  4  vols.,  1842-1853.— 
R.  B.  Todd,  The  Cyclopajdia  of  Anatomy  and  Physiology,  1836-1852.— Pierer  and  N. 
Choulant,  Anatomisch-physiologisches  Reahvorterbucli,  8  vols.,  1816-1829. — L.  Hermann, 
Handbuch  der  Phvsiologie,  1879-1884.  Real-Encvclop.  d.  gesam.  Med.,  edited  by  Eulenberg. 
Wien,  1888. 

PRACTICAL  WORK  IN  THE  LABORATORY.— R.  Gscheidlen,  Physiologische  Methodik, 
1876  (not  yet  completed). — E.  Cyon,  Methodik  der  physiologischen  Experimente  u.  Vivi.sek- 
tionen,  -with  Atlas,  1876  (only  one  part  i.ssued). — Ott,  The  Actions  of  Medicines,  Phil.,  1878. — 
Clande  Bernard  and  Huette,  Precis  iconographique  de  medecinc  operatoire  et  d'anatomie 
chirurgicale,  with  113  ])Iates,  1873  ;  also  Legons  de  physiologie  operatoire  (edited  liy  Duval), 
Paris,  1879. — Sanderson,  Foster,  Klein,  and  Brunton,  Handbook  for  the  Physiological  Labora- 
tory (Text  and  Atlas).  The  French  edition  contains  additional  matter. — Rutherford,  Outlines 
of  Pract.  Hist,  1876. — Meade-Smith,  Trans,  of  Hermann's  Toxicol. — J.  Burdon-Sanderson, 
Practical  Exercises  in  Physiology,  London,  1882.— Foster  and  Langley,  Pract.  Phys.,  London, 
1884. — B.  Stewart  and  Gee,  Pract.  Physics. — Vierordt,  Anat.  Physiol,  u.  Physik.  Daten  u. 
Tabellen,  Jena,  1888. — MiiUer-Pouillet,  Lehrb.  d.  Physik.,  8th  ed.,  Braunschweig. — WiUlner, 
Lehrb.  d.  exp.  Physik. — Livon,  ]\Ianuel  de  Vivisect,  Paris,  1882. — Harris  and  Power,  Manual 
for  the  Phys.  Lab.,  5th  ed.,  1888. — Straus-Durckheim,  Anat  dcscrip.  comp.  du.  chat,  Paris, 
1845. — W.  Kraiise,  Die  Anatomic  des  Kaninchen.s,  Leipzig,  2nd  ed.,  1883. — A.  Ecker,  Die 
Anatomie  des  Frosches,  1864-1882,  2nd  ed.,  pt  i.,  1888.— Biolog.  Memoirs,  edited  by  Burdon- 
Sanderson. — Stirling,  Outlines  of  Pract.  Physiol,,  Lond.,  1888. 

SPECIAL  LABORATORY  REPORTS.— Ludwig  and  his  pupils,  Arboiten  aus  der  physio- 
logischen Anstalt  zu  Leipzig,  since  1866. — Burdon-Sanderson  and  Schafer,  Collected  papers 
from  the  Physiological  Laboratory  of  University  College,  London,  1876-1885.— Gamgee, 
Studies  from  the  Phy.siological  Laboratory  of  Owens  College,  Manchester,  1877-78.— Tranbe, 
Beitr.  z.  Path.  u.  Phys.,  Berlin,  1871.— J.  Czermak,  Gesammelte  Schriften,  1879.— Marey, 
Physiologie  experimentale,  Travaux  du  laboratoire,  Paris,  1875. — L.  Ranvier,  Laboratoire 
d'histologie  du  College  de  France,  Paris,  since  1875.— Loven,  Physiol.  Mittheil.,  Stockholm, 
1882-84. — W.  Kiihne,  Untersuchungen  des  physiologischen  Institiits  der  Universitiit  Heidel- 
berg, since  1877. — R.  Heidenhain,  Studien  des  physiologischen  Instituts  zu  l^reslau,  1861-68. 

 Strieker,  Studien  aus  dem  Institute  fiir  experimentelle  Pathologie,  Vienna. — John  Reid, 

Physiological  and  Anatomical  Researches,  Edinburgh,  1848.— RoUett's  Untersuch.  a.  d.  Inst, 
zu  Gratz,  since  1870.— Schenk,  Mitth.  a.  d.  embryol.  Inst  z.  Wien,  1877-.— Preyer,  Sammlung 
phys.  Abhandl.,  Jena,  1877-.— Von  Wittich,  iMitth.  a.  d.  Konigsb.  Phys.  Lab.,  1878.— 
Rossbach,  Pharmacol.  Unters.  Wiirzb.,  1873-.— Fick,  Arb.  a.  d.  Wiirzburger  Hochschule, 
Wiirzburg,  1872.— Hoppe-Seyler,  Med.-chera.  LTnters.,  1866-71.— Laborde,  Travaux  de  Lab. 
de  Phys.  de  la  Facultc  de  Med.,  Paris,  1885.  Studies  from  the  Biol.  Lab.  of  Owens  College, 
pt  i.,  1886.— Tigerstedt,  Mitth.  v.  d.  phys.  Lab.  in  Stockholm,  1888. 

JOURNALS,  PERIODICALS.— Archiv  fiir  die  Physiologie,  by  J.  C.  Reil  and  Autenrieth. 
12  vols.,  Halle,  1796-1815.  Continued  as— Deutsches  Archiv  fiir  die  Physiologie,  by  J.  F. 
Meckel,  8  vols.,  Halle,  1815-1828.  Continued  «s— Archiv  fiir  Anatomie  und  Physiologie,  by 
J.  F.  Meckel,  6  vols.,  Leipzig,  1826-1832.    ContiniKd  «5— Archiv  fiir  Anatomie  und  wisseu- 
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schaftliche  I\Icdicin,  bv  Johannes  Miiller,  25  vols.,  Berlin,  1834-1858.    Continued  uiuler  the 
samii  title  hy—G.  B.  Reicliert  and  E.  du  Bois-Eeymond,  1859-1876.     When  it  was  divided  into 
— Ziiitschiift  fill-  Anatomic  und  Entwickelungsgeschichte,  by  W.  His  and  Braune,  and  Arcliiv 
fiir  Physiologie,  by  E.  du  Bois-Reyniond,  until  1877.    Is  contimicd  «s— Archiv  fur  Anatomie 
und  Physiolo'gie  by  W.  His,  W.  Braune,  and  E.  du  Bois-Reymond. — Arcliiv  fiir  die  gesammte 
riiysiologie  des  Mensclien  und  der  Thiere,  by  E.  F.  W.  Pfluger,  Konn,  since  1868.— Zeitschrift 
fin-"  Biologic,  edited  from  1865  by  Buhl,  Pettenkofer,  Voit,  and  Radlkofer  ;  from  1875  by  the 
first  three^  and  since  1S80  by  Pettenkofer  and  Voit,  presently  by  Voit  audKiihne.— Journal  de 
Physiologic  expcrimentalc  et  patlioIogi(iue,  by  F.  Magendie,  11  vols.,  Paris,  1821-1831. — 
Zeitschrift  fiir  die  organische  Physik,  by  C.  F.  Heusinger,  4  vols.,  Eisenach,  1827-1828, — 
Zeitschrift  fiir  Physiologic,  by  F.  Tiedemann  and  Treviranus,  5  vols.,  1824-1833.— Journal  de 
I'anatomie  et  de  la  physiologic  normales  et  pathologiques  de  Thomme  et  des  animaux,  by  Ch. 
Robin  and  Pouchet,  .since  1864. — Archives  de  physiologic  normale  et  pathologique,  by  Brown- 
Sequard,  Charcot,  Vulpian,  Paris,  since  1868. — Journal  of  Anatomy  and  Physiology,  edited  by 
Humphry,  Turner,  and  M'Kendrick,  since  1867. — Journal  of  Physiology,  edited  by  M.  Foster, 
since  1878.— Archives  Italiennes  de  Biologic,  by  C.  Emery  and  A.  Mosso,  since  1881.— Annales 
des  sciences  naturelles,  Paris,  since  1824. — Archives  de  Zoologie  experimentale  et  generale  by 
Lacaze-Duthiers,  Paris,  since  1872. — Archives  de  Biologic,  by  Ed.  van  Beneden,  and  Ch.  van 
Bambeke,  since  1880. — Physiolog.  Centralblatt,  by  Exner  and  Gad,  since  1887. — Zeitschrift 
fiu-  wissenschaftliche  Zoologie,  by  C.  T.  von  Siebold  and  A.  von  KoUiker,  Leipzig,  since  1849. 
— Archiv  I'iir  pathologische  Anatomie  und  Physiologic  und  fiir  klinische  Mcdicin,  by  E. 
Virchow,  Berlin,  since  1847. — Zeit.  f.  wissensch.  Mikroscop.,  Behrens,  Braunschweig. — Archiv 
fiir  Naturgeschichte,  by  Wiegmann;  continued  by  Erichson  and  Troschel,  Berlin,  since  1835. — 
Untersuchungen  zur  Naturlehre  des  Menschen  und  der  Thiere,  by  Jac.  Moleschott,  since  1857. 
— Zeitschrift  fiir  rationelle  Medicin,  Henle,  Pfeufer,  and  Meissner. — Sitzungsberichte  der 
Akademie  der  Wissenschaften  (Math.  Nat.-Wiss.  Classe),  Vienna. — Philosophical  Trans- 
actions, London. — Proceedings  of  the  Royal  Society,  London. — Transactions  of  the  Royal 
Society,  Edinburgh. — Proceedings  of   the  Royal   Society,   Edinburgh. — Quarterly  Micro- 
scopical Journal,  London. — Monthly  Microscopical  Journal,  London. — Journal  of  the"  Royal 
Microscopical  Society,   London.— Com ptes  rendus,   Paris. — Anatomisches  Anzeiger. — Index 
Medicus. — Cohn,  Beitrage  zur  Physiologic  der  Pflanzen,  Breslau,  1872. — The  Philosophical 
Magazine,  Edinburgh,  London,  and  Cambridge. — Boston  Medical  and  Surgical  Journal. — 
Verhandlungen  der  physikal.-medicinischen  Gesellschaft  zu  Wiirzburg. — Archives  of  Medicine, 
edited  by  L.  Beale,  London,  1856.— Annals  and  Magazine  of  Natural  History. — Annales 
(Memoires)  Archives  du  Museum   d'histoire  naturelle,    Paris. — Jenaische   Zeitschrift  fiir 
Naturwissenschaft. — Memoires  de  I'Academie  des  Sciences  de  I'Institut  de  France,  Paris. — 
Morphologisches  Jahrbuch,  by  C.  Gegenbaur,  since  1876. — Nova  Acta  Academife  Leopoldino- 
Caroliua;.— Zoologischer  Anzeiger,  by  V.  Cams,  since  1878. — Abhandlungen  and  Mouats- 
bericlite  der  k.  preussischen  Akademie  der  Wissenschaft  zu  Berlin. — Archiv  fiir  experimentelle 
Pathologic  und  Pharmakologie,  by  Naunyn  and  Schreiber,  Leipzig,  since  1873. — Deutsches 
Archiv  fiir  klin.  Medicin,  by  v.  Zienissen  and  Zenker,  Leipzig. — Journal  de  Pharmacie  et  de 
Chiniie,  Paris. —Archiv  fiir  Psychiatric  und  Nervenkrankheiten,  by  Gudden  and  others,  Berlin, 
since  1868. — Archiv  fiir  wissenschaftliche  und  praktische  Thierheilkunde  by  Eoloflf,  Berlin] 
1874. — Archives  generales  de  medecine,  Paris. — Brain,  since  1879,  edited  by  de  Watteville.  — 1 

Archives  de  Neurologic,  by  Charcot,  Paris,  1875. — Zeit.  f.  Hj'giene,  by  Koch  and  Fliigge.  

The  various  Medical  Journals,  including  the  Lancet  and  British  Medical  Journal,  Edinburgh 
Medical  Journal,  London  Medical  Record,  New  York  Med.  Record,  Practitioner,  Medical 
Chronicle.— Arch,  for  Otology,  N.  Y.— Arch,  for  Ophthal.,  N.  Y.— Internat.  Jour,  of  Med. 
Sciences,  Edin.— Revue  de  Med.,  Paris.— Zeit.  f.  Klin.  Med.,  Berlin. —Intern.  Monatssch.  f. 
Anat.  u.  Physiol. — Asclepiad. — Nature. 

HISTOLOGY'.— Henle,  Handbuch  der  systematischen  Anatomie  des  Menschen,  3rd  ed.,  1866- 
1883.— Eutherford,  Outlines  of  Pract.  Histol.,  1876.— W.  Krause,  Allgemeine  und  Mikros- 
kopische  Anatomie,  Hannover,  1876.— F.  Leydig,  Lehrlrach  der  Histologic  des  Menschen  und 
der  Thiere,  Hamm,  1857;  and  his  Untersuchungen,  1883  ;  and  his  Zell  u.  Gewebe,  Bonn, 
1885.— V.  Mihalkovics,  General  Anatomy  (Hungarian),  1881.— L.  Eanvier,  Traite  technique 
d'histologie,  Paris,  1875-1888.— G.  Schwalbe,  Lehrbuch  der  Neurologic,  Erlangen,  1881;  Lehrb. 
d.  Anat.  d.  Sinnesorgane.— S.  Strieker,  Handbook  of  Histology  (translated  by  the  New  Syden- 
ham Society),  1871-1873.— Archiv  fiir  mikroskopische  Anatomie,  Bonn;  edited  formerly  by 
Max  Schultze,  and  presently  by  Waldeyer  and  La  Valette.— Quarterly  Microscopical  Journal 
London.— Monthly  Microscopical  Journal,  London.— Journal  of  the  Royal  Microscopical  Society 
London.— Schwann,  Mikrosk.  Untersuch.,  1838  (translated  by  the  Sydenham  Society  1847)' 
W.  Kiihne,  Das  Protoplasma,  Leipzig,  1864.— Max  Schultze,  Das  Protoiilasma,  Leipzio-,  1863  — • 
R.  Virchow,  Die  Cellular  Pathologic  (translated  by  Chance),  I860.— L.  Beale,  The  Structure  of 
the  Elementary  Tissues,  London,  1881.— A.  Kblliker,  A  Manual  of  Human  Microscopic 
Anatomy,  London,  1860;  and  his  Icones  Histolog.,  Leip.,  1864.— J.  Goodsir,  Anatomical  and 
Pathological  Observations,  edited  by  W.  Turner,  Edinburgh.  — Quain's  Anatomy,  9th  ed  edited 
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by  A.  Thomson,  Schafer,  ami  Thane,  London,  1882.— Rindfleisch,  A  ]\Ianual  of  Pathological 
Anatomy  (translated  by  R.  Baxter),  London,  1873.— C.  Toldt,  Lehrbuch  der  Oewebelehre, 
Stuttgart,  3rd  ed.,  1888,— E.  Klein  and  E.  Noble-Smith,  Atlas  of  Histology,  London,  1872.— 
H.  Frey,  Handbuch  der  Histologic  und  Histocliemie  des  Menschen,  Leipzig,  1876,  Grundziige, 
1885,  and  Das  Mikroskop.,  8tli  ed.,  1886.— Fol,  Lelir.  d.  vergleich.  inikros.  Anatomie,  Leip.,  1885. 
— Behrens,  Tabellen  z.  Gebraucli  b.  niik.  Arbeiten,  Braunschwi'ig,  1887.— Fearnley,  Pract. 
Histol.,  1887.— Brass,  Knrzes  Lehrb.  d.  Histol.,  Leip.,  1888.— Beale,  How  to  Work  with  the 
Micros.,  Lond.,  1880.— W.  Stirling,  Histological  Memoranda,  Aberdeen,  1880.— E.  A.  Schafer, 
Practical  Histol.,  1877  ;  and  Essentials  of  Histol.,  1887.— W.  Stirling,  Text-book  of  Practical 
Histology,  London,  1881. — Heitzmann,  Microsc.  Morphology,  1882.  —Purser,  Man.  of  Hist, 
Dublin.— E.  Klein,  Elements  of  Hist.,  London,  1883.— W.  Flenmiing.  Zellsubst.  u.  Zelltheil., 
Leipzig,  1882.— Cadiat,  Traite  d'anat.  gen.,  Paris,  1879.  — Bizzozero,  Hand.  d.  kliu.  JMikroskop., 
Erlang.,  2nd  ed.,  1888.— Carnoy,  Gilson  and  Denys,  Biol.  Cellul,  Louvain,  1884-88.— 
Friedlander,  Mik.  Technik.,  3rded.,  Berlin,  1888.— Gierke,  Farberei  z.  mik.  Zweckeu.,  Biaun., 
1885.— Frommann,  Unters.  u.  thier.  u.  pflanz.  Zellen,  Jena,  1884.— Wiedersheim,  Lehrb.  d. 
vergl.  Anat.,  Jena,  1888.  — S.  L.  Schenk,  Grundriss  der  Histologic  d.  Menschen,  Vienna,  1885. 
— Orth,  Cursus  d.  norm.  Histol.,  4th  ed.,  1886.— S.  Mayer,  Histolog.  Taschenbuch,  Prag.,  1887. 
^Stbhr,  Lehrb.  d.  Histol.,  Jena,  1888.— Lee  and  Hennegny,  Traite  de  meth.  de  I'Anat.,  Paris, 
1888. 

PHYSIOLOGICAL  CHEMISTRY.— Hoppe-Seyler,  Physiologische  Chemie,  Berlin,  1877- 

1879.  — Lehmann,  Lehrb.  d.  phys.  Chem.,  3rd  ed.,  Leipzig,  1853;  and  Handbuch,  1859.— J. 
Kdnig,  Chemie  der  menschlichen  Nahrung  und  Genussmittel,  2nd  ed.,  Berlin,  1883. — Leo. 
Liebermann,  Grundziige  der  Chemie  des  Menschen,  Stuttgart,  1880. — Robin  and  Verdeil, 
Traite  de  chim.  anat.  et  phys.  (with  Atlas),  Paris,  1853. — J.  Moleschott,  Pliysiologie  der 
Nahrungsmittel,  2nd  ed.,  Giessen,  1859. — E.  Smith,  Foods,  1873. — A.  Wynter  Blyth,  Foods, 
1887. — Gorup-Besanez,  Anleitung  zur  Zoo-chemischen  Analyse,  1871.^ — Gautier,  Chimie 
applique  a  la  Physiologic,  1874. — Lehmann's  Phys.  Chem.  (translated  by  CavendLsh  Soc, 
1851-54),  with  Atlas  of  0.  Funke's  plates. — Kingzett,  Animal  Chem.,  1878. — Thndichum, 
Ann.  of  Cliem.  Med.,  1879. — A.  Gamgee,  Physiological  Chemistry  of  the  Animal  Body,  vol.  i., 

1880.  — Hoppe-Seyler,  Medicinische-Chemische  Untersuchungen,  Berlin. — Zeitschrift  fiir 
physiologische  Chemie,  by  Hoppe-Seyler,  Strassburg,  since  1877. — Watts'  Dictionary  of 
Chemistry,  second  supplement,  London,  1875. — Ralfe,  Clinical  Chemistry,  London,  1880;  and 
Clinical  Chem.,  1883.— Wurtz,  Traite  de  chim.  biol.,  Paris,  1880.— T.  C.  Charles,  Physiological 
and  Pathological  Chemistry,  London,  1884. — Parkes'  Hygiene,  7th  ed.— Fliigge,  Lehrb.  d. 
hygien.  Untersuchung.,  Leip.,  1881.- — Maly's  Jahresb.  ii.  Thierchemie  since  1870. — Landolt,  Das 
opt.  Drehnngsvermog.  org.  Subst.  Braun.,  1879. — Articles  in  Hermann's  Handbuch  d.  Physi- 
ologic, 1879-1884,  and  the  various  Text-books  on  Organic  Chemistry. — Roscoe  and  Schorlemmer, 
(Organic)  Chem.,  1884. — Nowak,  Lehrbneh  d.  Hygiene,  Wien.— Beilstein,  Handb.  d.  org. 
Chem.,  Hamb.  and  Leip.,  2nd  ed.,  1885.— Ladenburg,  Handb.  d.  Chemie,  Breslau,  1883. — 
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APPENDIX  B. 

COMrARISON  OF  THE  METRICAL  WITH  THE  COMMON  ]\IEASURES. 


By  Dr  Warrex  De  la  Ri'e. 


MEASURES  OF  LENGTH. 

In  English  Inches. 

In  English  Feet 
=  12  Inches. 

In  English  Y'ards 
=  3  Feet. 

Milliniftie  

Centimetif  

Decimetre  

Metre  

Decametre  

Hectometre  

Kilometre  

Myriometre  

0-03937 
0-39371 
3-9370S 
39-37079 
393-70790 
3937-07900 
39370-79000 
393707-90000 

0-0032809 
0  0328090 
0-3280899 
3-2808992 
32-8089920 
328-0899-200 
3280-8992000 
.3-2808-9920000 

0-0010936 
0-0109363 

0-  1093633 

1-  0936331 
10-9363310 

109-3633100 
1093-6331000 
10936-3310000 

1  Inch  =  2 'OoQiJo-i  Centimetres.  | 

1  Foot  =  3-0479449  Decimetres.        I     1  Yard  =  0-91438348  Metre. 

MEASURES  OF  CAPACITY. 

In  Cubic  Inches. 

In  Cubic  Feet  =  1,728 
Cubic  Inches. 

In  Pints  =  34-65923 
Cubic  Inches. 

Millilitre  or  cubic  centimetre 
Centilitre  or  10  cubic  centimetres 
Decilitre  or  100  cubic  centimetres 
Litre  or  Cubic  decimetre 
Decalitre  or  centistere 
Hectolitre  or  decistere 
Kilolitre  or  stere,  or  cubic  metre 
Myriolitre  or  decastere 

>i)-061027 
0-610271 
6-10270.3 
61-0270.32 
610-270.31-5 
6102-70.3152 
61027  051519 
610270-515194 

0-0000353 
0-0003532 
0-0035317 
0-03.53166 
0-3531658 
3-5316581 
35-3165807 
353-1658074 

0-001761 
0-017608 

0-  176077 

1-  760773 
17-607734 

176-077341 
1760-773414 
17607-734140 

1  Cubic  Inch  =  16-3861759  Cubic  Centimetres.        |         1  Cubic  Foot=28-3153119  Cubic  Decimetres. 
The  UNIT  OF  VOLUME  is  1  Cubic  Centimetre. 


MEASURES  OF  WEIGHT. 


In  English  Grains. 


Milligramme 

Centigramme 

Decigramme 

Gramme 

Decagramme 

Hectogramme 

Kilogramme  . 

Myriogramme 


0-0154.32 

0-  154323 

1-  543-2.35 
15-432-349 

154-323488 
1-343-234880 
1-3432-348800 
154323-488000 


In  Troy  Ounces 
=  480  Grains. 


In  Avoirdupois  Lbs. 
=  7,000  Grains. 


0-000032 
0  ■0003-22 
0-003215 
0-0.32151 
0-321-307 
3-215073 
32-150727 
321-507-207 


0-0000022 
0-0000220 
0-0002-205 
0-0022046 
0-022(H62 
0-2-204621 
2-2046213 
22-04621-26 


The  UNIT  OF  MASS  in  the  metrical  system  is  1  Gramme,  which  is  the  mass  or  weight  of  1  Cubic  Centimetre 
(1  c.c.)  of  water  at  4'  C,  i.e.,  at  its  temperature  of  maximum  density. 


CORRESPONDING  DEGREES  IN  THE  FAHRENHEIT  AND  CENTIGRADE  SCALES. 


Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

Cent. 

500° 

..260°0 

..  23'2°-2 

140°  . 

.   60° -0 

40° 

..  4°-4 

450° 

1-3.3°  . 

.  57°-2 

35°  . 

..  l°-7 

400° 

..  204° -4 

130°  . 

.   54° -4 

32°  . 

..  o°-o 

350° 

..  176'-7 

125°  . 

.  5r-7 

30°  . 

..—  1°-1 

300° 

..  148°-9 

120°  . 

.    48° -9 

25°  . 

..—  3°-9 

212° 

.100  0 

113°  . 

.  46''-l 

20°  . 

..—  6°-7 

210° 

..    98° -9 

110°  . 

.    43° -3 

15°  . 

..—  9°-4 

205° 

..  96°1 

105°  . 

.  40°-5 

10°  . 

..—1-2° -2 

200 

..  93°-3 

100  .. 

.  37  -8 

.  3-3°-0 

5°  . 

..— 15°-0 

195 

..    90° -5 

95'  .. 

O"  . 

..-17°- 8 

190° 

..  87°-8 

90°  .. 

.  3-2°-2 

—  5°  . 

..— -20°-5 

18.3° 

..    8-3° -0 

8.3°  .. 

.    29° -4 

—10°  . 

.._2.3'>-3 

180° 

..  82°-2 

80°  .. 

.    26° -7 

—15°  . 

..— 26°-l 

17.5° 

..    79° -4 

7-3°  .. 

.    23° -9 

—20°  . 

.._28°-9 

170° 

..    76° -7 

70°  .. 

.  21°-1 

—25°  . 

..—31° -7 

165° 

..    7.3° -9 

6-5°  .. 

.    18° -3 

—30°  . 

..—34° -4 

160° 

..  71°-1 

60°  .. 

.  15°-5 

— 35°  . 

..— 37°-2 

155° 

..    68° -3 

•35°  .. 

.  12°-8 

—40°  . 

..— 40°-0 

1.50° 

..    65° -5 

60  .. 

.  10-0 

—45°  . 

..— 42°-8 

14.5° 

..    62° -8 

45°  .. 

.     7' -2 

-50° 

..-45° -6 

Cent. 
100° 

98° 
96° 
94° 
92° 

90 

88° 
86° 
84° 
82° 

80° 

78° 
76° 
74° 
72° 

70° 

68°- 
66° 
64° 
62° 


Fahr. 
.212  0 

,.  •20S°-4 

..  204° -8 

..  201° -2 

..  197°-6 

1940 

,.  190° -4 
.  186° -8 
.  183° -2 
.  179°-6 

.176°0 

.  l72°-4 
.  168°-8 
.  165° -2 
.  16I°-6 

.158-0 

,.  154°-4 
150°-S 
,.  147°-2 
..  143°-6 


Cent. 

Fahr. 

Cent. 

Fahr. 

60 

..140°0 
...  1.36°-4 

20  .. 

.  68  0 

58° 

18°  .. 

.    64° -4 

56° 

...  13-2° -8 

16°  .. 

.    60° -8 

54° 

...  129°-2 

14°  .. 

.    57° -2 

52° 

..  12-3°-6 

12"  .. 

.    53° -fl 

60° 

.1220 

..  llS°-4 

10  .. 

.  50  0 

48° 

8°  .. 

.  46-4 

46° 

..  114°-8 

6°  .. 

.    42'  -8 

44° 

..  lll°-2 

4°  .. 

.    39° -2 

42° 

..  107°-6 

2°  .. 

.    .35° -6 

40° 

..104°0 

..  100° -4 

0°  .. 

.  32°  0 

38° 

  2° 

.    28° -4 

36° 

..  96°-8 

—  4° 

.    -24° -8 

34° 

..    93° -2 

—  6°  .. 

.  21°-2 

32° 

...  89°-6 

—  8°  .. 

.  17°-6 

30° 

..  86°  0 

-10'.. 

.  14°  0 

-28' 

...    8-2° -4 

—12°  .. 

.    10° -4 

26° 

...  78°-8 

—14°  .. 

.     6° -8 

•24° 

...  75°-2 

—16°  .. 

.     3° -2 

22° 

...  71°-6 

—18°  .. 

-20°.. 

.  — 0°-4 

-40 

To  turn  C°  into  F°,  multiply  by  9,  divide  by  5,  and  add  32=. 
To  turn  F°  into  C,  deduct  32,  multiply  by  5,  and  divide  bv  9. 


Abdominal  muscles  in  respira- 
tion, 173. 
Abdominal  reflex, 
Abducens,  599. 
Aberration,  chromatic,  757. 

,,        spherical,  757. 
Abiogenesis,  841. 
Absolute  blindness,  702. 
Absorption  by  flui(ls,  39. 

,,         by  solids,  39. 
Absorption  of — 

Carbohydrates,  298. 

Colouring  matter,  299. 

Digested  food,  295. 

Effusions,  312. 

Fat  soaps,  299. 

Forces  of,  295. 

Grape-sugar,  298. 

Influence  of  nerves  on,  301. 

Inorganic  substances,  297. 

Nutrient  enemata,  301. 

Organs  of,  290. 

Oxygen,  188,  191. 

Peptones,  298. 

Small  particles,  300. 

Solutions,  297. 

Sugars,  298. 

Unchanged  proteids,  299. 
Absorption  spectra,  21. 
Accelerans  nerve,  669. 

,,        in  frog,  671. 
Accommodation  of  eye,  749. 

,,  defective,  755. 

,,  force  of,  755. 

,,  line  of,  753. 

„  nerves  of,  753. 

,,  phosphene,  763. 

,,  range  of,  756. 

,,  spot,  763. 

,,  time  for,  752. 

Accord,  811. 
Acetic  acid,  381. 
Aceton,  405,  415. 
Acetylene,  25. 
Achro matin,  841. 
Achromatopsy,  778. 
Achroodextrin,  218. 
Acid-albumin,  377. 
Acid-hctmatin,  25. 
Acids,  free,  374. 
Acoustic  nerve,  603. 

,,      tetanus,  550. 
Acquired  movements,  708. 
Acrylic  acid  series,  381. 
Action  currents,  554. 
Active  insufficiency,  502. 
Addison's  disease,  156,  446. 
Adelomorphous  cells,  241. 
Adenin,  385. 
Adenoid  tissue,  304. 


Adipocere,  365. 
Adventitia,  95. 
..Egophony,  181. 
Aerobes,  280. 
.Esthesiometer,  831. 
^-Esthesodic  substance,  645. 
Afferent  nerves,  583. 
After-birth,  894. 
After-images,  779. 
After-sensation,  732. 
Ageusia,  826. 
Agoraphobia,  606. 
Agrammatism,  711. 
Agi-aphia,  711. 
Ague,  153. 

Air,  changes  in  resi)iration,  187. 

,,  collection  of,  184. 

,,  composition  of,  186. 

,,  diffusion  of,  190. 

„  expired,  187. 

,,  impurities  in,  200. 

quantity  exchanged,  188. 
Air-cells,  161. 
Albumimeter,  410. 
Albuminoids,  378. 
Albumin  of  egg,  853. 
Albumins,  374. 
Albuminuria,  408. 
Albumoses,  animal,  377. 

,,        vegetable,  377. 
Alcohol,  352. 
Alcohols,  382. 
Alcoholic  drinks,  353. 
Alcool  au  tiers,  1 0. 
Aleurone  grains,  377. 
Alexia,  713. 
Alkali-albumin,  377. 
Alkali-hasmatiu,  26. 
Alkaline  fermentation,  408. 
Alkaloids,  353. 
Allantoin,  355,  403. 
AUantois,  871- 
AUochiria,  838. 
AUorhythmia,  107. 
AUo.xan,  400. 
Almen's  test,  412. 
Alternate  hemiplegia,  655. 

„       paralysis,  655,  719. 
Alternation     of  generations, 

843. 

Amaurosis,  587. 
Amblyopia,  587. 
American  crow-bar  case,  681. 
Amido-acids,  384. 
Amido-acetic  acid,  267,^384. 
Amido-caproic  acid,  255. 
Amimia,  711. 
Amines,  384. 
Ammoni.iemia,  430. 
Amnesia,  711. 


Amnion,  871. 
Amniota,  872. 
Amniotic  fluid,  872. 
Amiwboid  movement,  15,  451. 
Ampere's  rule,  543. 
Amphiarth  roses,  499. 
Amplio-peptone,  248. 
Amphoric  breathing,  180. 
Amygdalin,  312. 
Amyloid  substance,  377. 
Amylopsin,  254. 
Amylum,  383. 
Anabiosis,  841. 
Anaci-otism,  109. 
Anaemia,  17,  48. 

metabolism  in, 
,,       pernicious,  17. 
Anaerobes,  280. 
Anaisthesia  dolorosa,  838. 
Anesthetic  leprosy,  582. 
Anajsthetics,  839. 
Anabolic  nerves,  583. 
Anabolism,  341. 
Anakusis,  604. 
Analgesia,  647. 
Analgia,  839. 
Anamnia,  872. 
Anarthria,  710. 
Anasarca,  313. 
Anelectrotonus,  566. 
Aneurism,  114,  115. 
Angiogiaph,  100. 
Angiometer,  108. 
Angioneuroses,  678. 
Anidrosis,  448. 
Animals,  characters  of,  xlii. 
Animal  foods,  343. 

,,     magnetism,  686. 
Anions,  545. 

Anisotropous  substance,  455. 
Ankle  clonus,  643. 
Anode,  545. 
Anosmia,  584. 
Antagonistic  muscles,  502. 
Anthracometer,  184. 
Anthracosis,  164. 
Anti-albumin,  248. 
Antiar,  312. 
Anti-emetics,  233. 
Antihydrotics,  446. 
Antipeptone,  248. 
Antiperistalsi.s,  233. 
Anti-pyretics,  336. 
Anti-sialics,  215. 
Aortic  valves,  54. 

,,  insufficiency  of, 

-  11°- 
Aperistalsis,  237. 

Apex-beat,  61,  69. 

Aphakia,  740. 
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Aphasia,  710. 
Aphonia,  o2'2. 
Apncea,  (363. 

Appunii's  apparatus,  815. 
Vpselaphesia,  S38. 
queous  liuinour,  720. 
Arachnoiil  mater,  7"26. 
Arcliiblastic  cells,  868. 
Area  opaca,  8*34. 
„   i)elliici(la,  864. 
,,    vasculosa,  870. 
Argj'll  Robertson  puj)il,  760. 
Arliythmia  cordis,  5/. 
Aristotle's  experiment,  833. 
Aromatic  acids,  382. 

,,       oxyacids,  385. 
AiTector  pili  mnscle,  441. 
Arterial  tension,  105. 
Arteries,  93. 

,,      blood-pressure  in,  122. 
,,      central,  689. 
,,      development  of,  884. 
,,      emptiness  of,  672. 
,,      rliytlnnical  contrac- 
tion of,  675. 
,,      sounds  in,  140. 
,,      structure  of,  93. 
,,      tension  in,  122. 
,,      termination  in  veins, 
137. 

Arteriogram,  101. 
Arthroidal  joints,  499. 
Articular  cartil.age,  498. 
Articulation  nerVe-corpuscles, 
829. 

Artificial    cold-blooded  condi- 
tion, 339. 
Artificial  eye,  748. 

,,      digestion,  250. 
,,      gastric  jiiice,  247. 
,,      jiancreatic  juice,  255. 
,,       respiration,  198. 

Marshall  Hall's  me- 
thod, 199. 
„         Sylvester's  method, 
199. 

,,  selection,  896. 
Aspartic  acid,  256,  385. 
Asphyxia,  196,  663. 

,,       artificial  respiration 
in,  198. 

,,       recovery  from,  198. 
Aspirates,  542. 
Aspiration  of  heart,  129. 

„        tlioracic,  129. 

„        ventricles,  58. 
Assimilation,  341. 
Associated  movement,  760,  787. 
Astatic  needles,  544. 
Asteatosis,  449. 
Asthma  nervosum,  614. 

,,     dyspepticnm,  614. 
Astigmatism,  757. 

,,  correction  of,  758. 

,,  test  for,  758. 

Atavism,  896. 
Ataxaphasia,  911. 
Ataxia,  619,  700,  709. 
Ataxic  tabes,  647. 
Atelectasis,  182,  199. 
Atmospheric  pressure,  203. 

,,  diminution  of,  204. 

„  increase  of,  204. 


Atresia  ani,  871. 
Atrophy,  504. 

,,      of  the  face,  598. 
Atropin,  475. 

„     in  eye,  588,  760. 
Attention,  time  for,  685. 
Audible  tone,  lowest,  813. 
Auditory  after-sensations,  820. 

,,      area,  703. 

,,      auraj,  704. 

,,      centre,  703. 

,,      delusions,  604. 

,,      meatus,  799. 

,,      nerve,  797. 

,,      ossicles,  801. 

,,      paths,  704. 

,,      perceptions,  811. 

,,      sac,  894. 
Auerbach's  plexus,  237,  294. 
Augmentor  nerves,  671. 
Auricles  of  heart,  50,  52,  57. 

,,     development  of,  883. 
Aiiscidtation  of  heart,  75. 

,,  of  lungs,  179. 

Automatic  excitement,  625. 
Autonomy,  686. 
Auxocardia,  86. 
Avidity,  245. 
Axis  of  vision,  769. 

Knclllns,  49,  279. 

,,        acidi  lactici,  280. 
,,        anthracis,  49. 
,,        butyricus,  280. 
,,        subtilis,  281. 
,,        tubercle  and  others, 
200. 

Bacterium,  49,  279,  284. 

„         aceti,  280. 

„         coli,  285. 

,,         foetidum,  449. 

,,         lactis,  284. 

,,         synxanthum,  348. 
Ball  and  socket  joints,  499. 
Bantingism,  366. 
BarPBsthesiometer,  834. 
Basal  development,  891. 

,,    ganglia,  650,  715. 
Basedow's  disease,  155,  678. 
Bases,  374. 

Basilar  membrane,  810. 
Bass-deafness,  813. 
Batteries,  galvanic,  545. 

,,       Bunsen's,  545. 

,,       Daniell's,  545. 

,,       Grennet's,  546. 

,,       Grove's,  545. 

,,       Lechlanch(''8, 546. 

,,       Smee's,  546. 
Beats,  818. 

,,     isolated,  818. 
,,     successive,  818. 
Bed-sores,  542. 
Beef -tea,  350. 
Beer,  354. 
Bell's  law,  617. 

,,    deductions  from,  619. 
Bell's  paralysis,  602. 
Benzoic  acid,  402. 
Bert's  experiment,  574. 
Bidder's  ganglion,  78. 
Bile,  267. 
,,   acids,  267. 


Bile,  composition  of,_270. 
,,    crystallised,  267. 
,,    ducts,  261. 
„       „     ligature  of,  262 
,,    effects  of  drugs  on,  Z/o. 
„    excretion  of,  271. 
,,    fate  of,  275. 
,,    functions  of,  274. 
„    gases  of,  269.  _ 
,,    passage  of  drugs  into,  ^/'■i. 
„    pigments,  268. 
,,    pressure,  272. 
,,    reabsorjition  of,  272. 
,,    secretion  of,  270. 
,,    spectrum  of,  269. 
„    test  for,  267,  268. 
Biliary  fistula,  271. 
Bilicyanin,  269. 
Bilifuscin,  269. 
Biliprasin.  269. 
Bilirubin,  268. 
Biliverdin,  268. 
Binocular  vision,  787. 
Biological  law,  896. 
Biology,  XXXV. 
Biot's  respiration,  172. 
Birth,  894. 
Biuret  reaction,  376. 
Blastoderm,  851,  862. 
Blastomere,  862. 
Blastosphere,  862. 
Blepharospasm,  603. 
Blind  sjiot,  768. 
Blood,  1. 

,,     abnormal,  46. 
,,     analysis,  29. 
,,     arterial,  45. 
,,     carbon  dioxide  in,  44. 
„     clot,  29. 
,,      coagulation,  31. 
,,     colour,  1. 
„     colouring  matter,  18. 
,,      composition  of,  20. 
,,     defibrinated,  29. 
,,      distribution  of,  144. 
,,      electrical   condition  of, 
579. 

,,     extractives,  39. 
,,     fats  in,  38. 
,,     fibrin  in,  17,  30. 
,,     gases  in,  39. 
,,     granules  of,  17. 
„      islands,  10,  870. 
„      lake-coloixred,  8. 
,,     loss  of,  48. 
,,     microscopic  examina- 
tion, 3. 
,,     nitrogen  in,  45. 
,,      odour,  2. 
,,     organisms  in,  49. 
, ,     oxygen  in,  42. 
,,     ozone  in,  43. 
,,     plasma,  29. 
,,     plates,  16. 
,,     portal  vein,  45. 
,,     proteids  of,  37. 
,,     quantity,  45. 
,,     reaction,  1. 
,,     salts  in,  39. 

serum,  29. 
, ,     specific  gravity,  2. 

taste,  2. 
,,     temperature,  3. 
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Blood,  transfusion  of,  46. 

,,     variations  in,  46. 

,,     venous,  45. 

,,      water  in,  39. 
Blood-channels,  intercellular, 

95. 

Blood-corpuscles — stroma  ,  6. 
,,     abnormal  changes,  17. 
action  of  reagents  on,  6, 
7,  15. 

,,     amoeboid  movements, 
1.5. 

,,     change  of  form,  7. 
,,      chemical  composition, 
18. 

,,     circulation,  137. 

,,     colour,  6. 

„     colourless,  13. 

,,     conservation  of,  8. 

,,     crenation,  6. 

,,     decay,  12. 

,,     diapedesis,  15,  139. 

,,      effect  of  drugs,  15. 

,,     effect  of  reagents,  6. 

,,     form,  3,  9. 

,,      Gower's  method,  5. 

,,     histology  of,  6. 

,,     human,  red,  3, 

„     white,  13,  29. 

„     intracellular  origin,  11. 

,,      Malassez's  method,  4. 

,,      nucleated,  17. 

,,     number,  4,  17. 

,,     of  ne^vt,  li3. 

,,     origin,  10. 

parasites  of,  18. 

,,     pathological  changes,  17. 

,,     proteids  of,  28. 

,,     rouleaux  of,  6. 

„     size,  3,  9,  17. 

,,     staining  of,  7. 

,,     stroma,  6. 

,,      transfusion  of,  46. 

,,     weight,  3. 

,,      white,  13. 
Blood-current,  137. 
,,     in  capillaries,  137. 
,,     velocity  of,  134. 
Blood-gases,  39. 

,,     estimation  of,   O,  CO-i, 

and  N,  42. 
,,     extraction,  40. 
,,     gas-pumps  for,  40. 
,,     quantity,  42. 
Blood-glands,  148. 
Blood-islands,  10,  870. 
Blood-plasma,  29. 
Blood-i)ressure,  119. 
,,     arterial,  122. 
,,     capillary,  128. 
,,     estimation  of,  119. 
,,     in  pulmonary  artery,  130. 

in  veins,  128. 
,,     relation  to  jnilse,  127. 
,,     variations  of,  122,  127. 
Blood-vessels,  92. 

,,     action  of  drugs  on,  95. 
,,     cohesion  of,  97. 
,,     elasticity  of,  96. 
,,     lymphatics,  95. 
,,     pathology  of,  97. 
,,     projjerties  of,  95,  96. 
„     structure  of,  92. 


Blue  pus,  449. 

,,    sweat,  449. 
Body,  vibrations  of,  116. 
Body-wall,  formation  of,  870. 
Bone,  chemical  comitosition  of, 
882. 

,,     callus  of,  371. 

,,     development  of,  881. 

,,     effect  of  madder  on,  371. 

,,     fracture  of,  371. 

,,     growth  of,  882. 

,,     histogenesis  of,  881. 

,,     red  marrow,  12. 
Bones,  mechanism  of,  498, 
Bottger's  test,  220. 
Boutons  terminals,  829. 
Bowman's  tubes,  735. 

,,        glands,  821. 
Box  pulse-measurer,  97. 
Bradyphasia,  711. 
Brain,  649. 

arteries  of,  728. 

,,     blood-vessels  of,  727. 

,,     general  scheme  of,  649. 

,,    impulses,  course  of,  633. 

„     in  invertebrata,  730. 

,,     membranes  of,  726. 

,,     motor  centres  of,  691. 

,,    movements  of,  727. 

,,     of  dog,  693. 

, ,     pressure  on,  729. 

,,     protective  apparatus  of, 
726. 

,,     psychical  functions  of, 
681. 

,,     jnilse  in,  115. 
,,     ijyramidal  tracts  of,  653, 
708. 

,,     topography  of,  706,  714. 

, ,  weight  of,  649. 
Branchial  arches,  871. 

„       clefts,  871,  880. 
Brandy,  354. 
Bread,  351. 

Brenner's  formula,  603. 
Broca's  convolution,  710. 
Bromidrosis,  449. 
Bronchial  breathing,  179,  180. 

„       fremitus,  180. 
Bronchiole,  161. 
Bronchoiihony,  181. 
Bronchus  extra-pulmonary,  166. 

,,       intra-pulmonary,  161. 

,,       small,  161. 
Bronzed  skin,  156. 
Brownian  movement,  217. 
Bruit,  140. 

,,     de  diable,  141. 
Brunner's  glands,  276,  293. 
Buchanan's  experiments,  33. 
Bulbar  paralysis,  661. 
Bulbus  arteriosus,  883. 
Butter,  346. 
Butyric  acid,  280,  381. 

Cachexia,  154. 

Caffein,  353. 

Calabar  bean  on  eye,  588. 
Calcic  phosphate,  373. 
Calculi,  biliary,  269,  287. 

salivary,  216,  285. 
,,      urinaiy,  419. 
Callus,  371. 


Calorimeter,  315. 
Canal  of  cochlea,  808. 
,,     hyaloid,  741. 
„     Nuck,  889. 
,,     of  spinal  cord,  626. 
,,     of  Stilling,  741. 
„     Petit,  740. 
,,     Schlemm,  735. 
„     semicircular,  808. 
Canalis  cochlearis,  808. 

,,     reuniens,  808. 
Caijillaries,  93. 

,,        action     of  silver 

nitrate  on,  94. 
,,        blood  -  current  in, 
137. 

,,        circulation,  138. 

„        contractility  of,  96. 

,,        develoijment  of,  11. 

,,  form  and  arrange- 
ment of,  137. 

,,        pressure  in,  128. 

„        stigmata  of,  94. 

,,  velocity  of  blood  in, 
135. 

Capillary  electrometer,  554. 
Capsule,  external,  717. 
•,,      Glisson's,  259. 
,,      internal,  716. 
of  Tenon,  741. 
Carbohydrates,  382. 

„  fermentation  of, 

280. 

Carbolic  acid  urine,  404. 
Carbon  dioxide,  conditions  af- 
fecting, 188. 

,,      estimation  of,  183.- 

,,      excretion  of,  188,  192. 

,,      in  air,  186. 

,,      in  blood,  44. 

,,      in  expired  air,  187. 

,,      where  formed,  194. 
Carbonic  oxide-hremoglobin,  24. 

„      oxide,  24. 

,,      poisoning  by,  24. 
Cardiac  cycle,  57. 

,,      dulness,  76. 

,,     ganglia,  76. 

„  hyiiertrophy,_69. 

,,      impulse,  61,  69. 

,,      movements,  66. 

,,      murmurs,  74. 

,,      nerves,  76. 

,,      nutritive  fluids,  779. 

, ,      plexiis,  76. 

,,      poisons,  85. 

,,      revolution,  57. 

,,      sounds,  71. 
Cardinal  i)oints,  747. 
Cardiogram,  61. 
Cardiograph,  61. 
Cardio-inhibitory   centre,  125, 
667. 

,,     nerves,  667. 
Cardio-pneumatic  movement,  86. 
Caricin,  256. 
Carnin,  349. 
Carotid  gland,  77,  157. 
Cartilage,  498,  871. 
Casein,  346,  377. 
Catacrotic  pulse,  102. 
Cataphoric  action,  548. 
Cataract,  740. 
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Cathartics,  239. 
Cathelectrotonus,  565. 
Cathode,  545. 
Caudate  nucleus,  715. 
Cavernous  formations,  95. 
Cells,  division  of,  841. 
Cellulose,  218. 
Cement,  225. 

action  of  silver  nitrate 
on,  95. 
,,      substance,  95. 
Centre,  accelerans,  669. 

,,     ano-spinal,  644. 

,,     auditory,  713. 

,,      cardio-inhibitory,  667. 

,,     cilio-spinal,  643. 

,,      closure  of  eyelids,  659. 

,,      coughing,  660. 

,,     dilator  of  pupil,  643, 
660. 

„      ejaculation,  644. 
,,      erection,  644,  858. 
, ,     for  coughing,  660. 
,,      for  defajcation,  644. 
,,      for     mastication  and 

sucking,  660. 
,,     for  saliva,  660. 
. ,     gustatory,  713. 
,,      heat  regulating,  680. 
,,      micturition,  644. 
,,      olfactory,  713. 
,,     parturition,  644. 
,,      pupil,  660. 
,,      resijiratory,  661. 
,,     sensory,  701. 
,,      sneezing,  660. 
.  •    ,,     spasm,  680. 
,,      speech,  710. 
,,     swallowing,  660. 
,,      sweat,  644,  680. 
,,      vaso-(lilator,  644,  678. 
,,      vaso-niotor,  644,  672. 
,,      vesico-spinal,  644. 
,,      visual,  713. 
,,     vomiting,  660. 
Centre  of  gravity,  505. 
Centrifugal  nerves,  581. 
Centripetal  nerves,  583. 
Centro-acinar  cells,  252. 
Cereals,  351. 
Cerebellum,  723. 
Action  of  electricity  on,  725. 
Connections  of,  652. 
Function  of,  724. 
Pathology  of,  725. 
Removal  of,  724. 
Structure  of,  728. 
Cerebral  arteries,  689,  728. 
,,      epilepsy,  695,  709. 
,,      fissures,  dog,  693. 
,,      inspiratory  centre,  662. 

motor  centres,  706. 
„      sensory  centres,  713. 
vesicles,  865. 
Cerebrin,  380,  531. 
Cerebro-spinal  fluid,  307. 
Cerebriim,  649. 

,,       blood-vessels  of,  688, 

689,  727. 
,,       convolutions  of,  689. 
,,       epilepsy  of,  695. 
„       excision  of  centres, 
700. 


Cerebrum,  Flourens'  doctrine, 
682. 

,,        functions  of,  681. 
,,       Goltz's    tlieory  of, 
705. 

,,  imperfect  develop- 
ment of,  682. 

,,       lobes  of,  689. 

„  motor  regions  of, 
694. 

,,       movements  of,  727. 
,,       removal  of,  682. 
,,       sensory  centres,  701. 
,,       structure  of,  686. 
, ,       sulci  and  gj'ri  of,  689. 
,,       thermal  centres  of, 
705. 

,,       weight  of,  649. 
Cerumen,  445. 

Cervical  .sympathetic,  section  of, 

623. 
Chalazae,  852. 
Charcot's  crystals,  203. 

,,       disease,  582. 
Cheese,  348. 
Chemical  affinity,  xl. 
Chess-board  phenomenon,  792. 
Chest,  dimensions  of,  176. 
Cheyne-Stokes'  phenomenon, 

172. 
Chiasma,  585. 
Chitin,  380. 
Chloasma,  446. 
Chloral,  674. 
Chlorophane,  740. 
Chlorosis,  17. 
Chocolate,  353. 
Cholcemia,  272. 
Cholalic  acid,  267,  382. 
Cholesterffimia,  274. 
Cholesterin,  28,  269,  275,  532. 
Choletelin,  269. 
Cholin,  531. 
Choloidinic  acid,  268. 
Choluria,  413. 
Chondrin,  379. 
Chondrogen,  379. 
Chorda  dorsalis,  867. 
Chorda  tympani,  600,  678. 
Chordas  tendiniaj,  59. 
Chorion  l?eve,  874. 

,,      frondosum,  874. 

,,      primitive,  873. 
Choroid,  735. 
Choroidal  fissure,  892. 
Christison's  formula,  393. 
Chromatic  aberration,  757. 
Chromatin,  842. 
Chromatophores,  450. 
Chromatopsia,  587. 
Chromidrosis,  449. 
Chromophanes,  740. 
Chronograph,  481. 
Chyle,  307. 

,,    movement  of,  310. 

,,    vessels,  301. 
Chylous  urine,  418. 
Chyme,  247. 
Cicatricula,  851. 
Cilia,  451. 

,,    conditions  for  movement, 
452. 

,,    effect  of  reagents  on,  452. 


Cilia,  functions  of,  452. 
Ciliary  ganglion,  591. 
,,     motion,  451. 

,,     force  of,  452. 
,,     muscle,  736,  750. 
,,     nerves,  591. 
Ciliated  epithelium,  451. 
Cilio-spinal  region,  643. 
Circle  of  -SVillis,  728. 
Circulating  albumin,  356._ 
Circulation,  capillary,  137. 

,,         duration  of,  136. 

first,  870. 
,,        fcetal,  875. 
,,        portal,  50. 
,,        pulmonary,  50. 
,,         schemata  of,  118. 
,,        second,  870. 
,,         systemic,  50. 
Circumiwlarisation,  221. 
Circumvallate  papilla;,  824. 
Claustrum,  717. 
Cleft  sternum,  71. 

,,    palate,  880. 
Clerk-Maxwell's  experiment, 
764. 

Clevage  of  yelk,  862. 

,,      Imes  of,  863. 

,.      partial,  866. 
Climacteric.  854. 
Clitoris,  890. 

Closing,  continued  contraction, 
569. 

Closing  shock,  549. 
Clothing,  331. 
Coagulable  fluids,  37. 
Coagulated  proteids,  377. 
Coagulation  experiments,  35. 
Coagulation  of  blood,  30,  31,  33. 
,,         theories  of,  33,  34. 
36. 

Cocaine,  760. 

Coccygeal  gland,  77,  157- 

Cochlea,  808. 

Cocoa,  353. 

Coecitas  verbalis,  703. 

Ccelom,  868. 

Coffee,  353. 

Cold-blooded  animals,  318. 
Cold  on  the  body,  337. 

,,    uses  of,  339. 
Cold-spots,  836. 
Collagen,  379. 
Colloids,  296. 
Coloboma,  892. 
Colostrum,  347. 
Colour  associations,  820. 
Colour-blindness,  778. 

,,     acquired,  778. 

„     testing,  779. 
Colour  sensation,  774. 

,,     Hering's  theory,  776. 

,,     Young-Hemholtz  theory. 
776. 

Coloured  shadows,  782. 
Colourless  corpuscles,  13. 
Colour  top,  780. 
Colours,  complementary,  774. 

,,       contrast,  780. 

,,       geometrical  table,  775. 

, ,       methods  of  mi.ving,  775. 

,,       mixed,  77. 

,,      simple,  774. 
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ColumeUa,  820. 
Columns  of  the  cord,  626. 
Coma,  diabetic,  266. 
Comedo,  449. 
Common  sensation,  838. 
Comparative — 

Absorption,  314. 

Circulation,  1.57. 

Digestion,  288. 

Hearing,  820. 

Heat,  340. 

Kidney  ,and  urine,  437. 
Metabolism,  385. 
Motor  organs,  508. 
Nerve  centres,  730. 
Nerves  and  electrophysiology, 
579. 

Peripheral  nerves,  624. 
Reproduction  and  develop- 
ment, 895. 
Respiration,  205, 
Sight,  795. 
Skin,  449. 
Smell,  823. 
Taste,  826. 

Voice  and  Speech,  523. 
Compensation,  554. 
Complemental  air,  166. 
Complementary  coloura,  774. 
Compound  eye,  795. 
Concretions,  284. 
Condensed  milk,  348. 
Condiments,  352. 
Conduction  in  the  cord,  633, 

646. 

Conductivity,  573. 
Conglutin,  378. 
Congo  red,  243. 
Conjugate  deviation,  588,  708. 
Conjugation,  842. 
Connective-tissue  spaces,  302. 
Consonance,  818. 
Consonants,  521. 
Constant  current,  action  of,  482. 
Constant  elements — 
Bunsen's,  545. 
Daniell's,  545. 
Grennet,  546. 
Gi'ove's,  545. 
Leclanche's,  546, 
Smee's,  546. 
Constix)ation,  287. 
Contraction,  cardiac,  86. 
„         fibrillar,  4J6. 
initial,  487. 
muscular  (see  Myo-  1 
gram).  \ 
„         of  blood-vessels,  95. 
remainder,  480. 
rhythmical,  474. 
secondaiy,  558,  559. 
,,        without  metals,  556. 
Contracture,  480. 
Contrast,  780. 

,,       colours,  774,  780.^ 
Convergent  lens,  action  of,  743. 
Cornea,  733. 
Coronary  vessels,  55. 

,,       effects  of  ligature  of, 
56. 

CoriJora    quadrigemina,  650, 

652,  720. 
Corpulence,  366. 


Corpus  callosum,  715. 
luteiun,  856. 

,,     spongiosum,  887. 

,,     striatum,  650,  715. 
Correspondnig  points,  787. 
Cortical  blindness,  702. 
Corti's  organ,  808. 
Cotyledons,  877. 
Coughing,  182. 

,,       centre  for,  660. 
Cracked  pot  sound,  179. 
Cramp,  840. 
Cranial  flexures,  865. 

,,     nerves,  584. 
Cranioscopy,  682. 
Creamonieter,  347. 
Cremasteric  reflex,  641 . 
Crepitation,  180. 
Crescents  of  Gianuzzi,  209. 
Crista  acustica,  809. 
Crossed  reflexes,  638. 
Crura  cerebri,  718. 
Crusta,  718. 

petrosa,  225. 

„     phlogi-stica,  30. 
Crying,  183. 
Crystallin,  376,  740. 
Crystalline  lens,  740. 

,,        spheres,  795. 
Crystallised  bile,  267. 
Crj'stalloids,  297. 
Cubic  space,  200. 
Curara,  action  of,  471,  474,  674. 
Cutaneous  respiration,  193. 

„        trophic  affections, 
581. 

Cuticular  membrane,  225. 
Cyanogen,  25. 
Cylindrical  lenses,  757. 
Cynuric  acitl,  403. 
Cyrtometer,  177. 
Cysticercus,  843. 
Cystin,  416. 
Cytozoon,  7. 

Daltoiii.siii,  778. 

Damping  apparatus,  801. 
Darby's  fluiil  meat,  249. 
Death  of  a  nerve,  541. 
Debove's  membrane,  161. 
Decidua  reflexa,  873. 

,,      serotina,  873. 

,,     vera,  873. 
Decubitus  acutus,  582,  722. 
Decussation  of  pyramids,  657. 
Defsecation,  23o. 

,,        centre  for,  644. 
Degeneration,  fatty,  366,  539. 

,,  traumatic,  539. 

Deglutition,  227. 

,,        nerves  of,  229. 
Deiter's  cells,  810. 
Delomorphous  cells,  241. 
Demarcation  current,  554. 
Demodex  foUiculorum,  445. 
Denis's  plasmine,  33. 
Dentine,  224. 
Dentition,  226. 

Dejn'essor  fibres,  610,  613,  674. 

„       nerve,  124,  610. 
Deutero-albumose,  248. 
Development,    chronologj'  of, 
877. 


Dextrin,  383. 
Dextrose,  383. 
Diabetes  mellitus,  264. 
Diabetic  coma,  266. 
Dialysis,  297. 
Diapedesis,  139. 
Diaphanonieter,  348. 
Diaphoretics,  446. 
Diaphragm,  173. 
Diarrhcea,  288. 

Dia.static  action,  218,  254,  278, 

380. 
Diastole,  57. 
Dichroism,  18. 
Dicrotic  pulse,  106. 

,,     wave,  103. 
Diet,  adequate,  359. 
,,    effect  of  age  on,  360. 
,,    effect  of  work  on,  360. 
„    flesh,  362. 
,,    flesh  and  fat,  364. 
,,    of  carbohydrates,  363. 
,,    quality  of,  356. 
,,    quantity,  356. 
Difference  theory,  563. 
Differential  rheotom,  560. 

„        tones,  819. 
Diffusion,  295. 

,,        circles,  749. 
,,        of  gases,  39. 
Digestion  during  fever,  286. 

,,       in  plants,  289. 
Digestion,  206. 

artificial,  250,  255. 
Digestive  apparatus,  221. 
Dilatation  of  pupil,  centre  for, 
644. 

Dilator  pupillie,  759. 
Dilemma,  68."). 
Dioptric,  757. 

,,       observations,  742. 
Diphthongia,  523. 
Diphthongs,  521. 
Diplacusis,  813. 
Diplopia,  588,  787. 
Direct  vision,  769. 
Direction,  819. 
Discharging  forces,  470. 
Discus  i)roligerus,  850. 
Disdiaclasts,  462. 
Dissociation,  193. 
Dissonance,  818. 
Distance,  estimation  of,  793. 

,,       false  estimate  of,  793. 

,,       smallest  appreciable. 
833. 
Diuretics,  422. 
I  Division  of  cells,  841. 
Double  conduction   in  nerve, 
573. 

Double  contact,  feeling  of,  831. 

Double  images,  neglect  of,  789. 

Dreams,  685. 

Drcpanidium,  7. 

Dromograph,  133. 

Dropsy,  312. 

Duct  of  Cuvier,  884. 

,,  Gaertner,  889. 
Ductus  arteriosus,  876. 

,,     venosus,  876. 
Dura  mater,  726. 
Dust  iiarticles,  200. 
Dys-albumose,  248 
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Dyschromatopsy,  778. 
Dyslysiii,  -IfiS. 
Dysperistalsis,  237. 
Dyspucea,  171,  196,  663. 

Ear,  797. 

,,   conduction  in,  798. 

,,   development  of,  894. 

,,   external,  799. 

,,   fatigue  of,  820. 

,,   fineness  of,  813. 

„    labyrinth  of,  893. 

,,    meatus  of,  799. 

,,   ossicles  of,  801. 

,,   sjjeciilnm,  800. 

,,   tympanum  of,  799. 
Earthy  jihosphates,  406. 
Eccentric  hypertrophy,  60. 
Echo  speech,  686. 
Ectoderm,  863. 
Ectopia  coi'dis,  67. 
Efferent  nerves,  581. 
Effusions,  312. 
Egg  albumin,  376,  411. 
Eggs,  349. 

Ejaculation,  centre  for,  644. 
Elastic  after-affect,  96,  492. 
,,     elevations,  105. 
,,     tension,  130. 
,,     tubes,  92. 
Elasticity  of  blood-vessels,  96. 
,,       lens,  750. 
,,       lungs,  165. 
,,       muscle,  491. 
Elastin,  379. 

Electrical  charge  of  body,  579. 

,,       fishes,  579. 

,,       nerves,  573. 

,,       organs,  580. 
Electrical  currents  of  muscle, 
.554,  557. 

,,       eye,  561. 

,,       glands,  561. 

,,       heart,  558. 

,,       mucous  membranes, 
561.  _ 

.,       nerve,  554,  557. 

,,       plants,  565. 

,,       skin,  561. 
Electricity,  therai^eutical  uses, 
574. 

Electrodes,  non-polarisable,  547. 

,,        other  forms,  574. 
Electrolysis,  545. 
Electrometer,  554. 
Electro-motive  force,  541. 
Electro-physiology,  541. 
Electro-therapentics,  574. 
Electrotonus,  561. 

,,  currents  in,  561. 

, ,  in  conductors,  562. 

„  in  inhibitory 

nerves,  567. 
,,          in  motor  nerves, 
561,565. 
in  muscle,  567. 
in  sensory  nerves, 
567. 

Eleidin,  438. 

Elementary  granules  of  blood, 
17. 

Embryo  formation  of,  869. 
Emetics,  232. 


Emmetropic  eye,  750,  753. 
Emotions,  expression  of,  523. 
EmulsificatioD,  256. 
Emulsin,  312. 
Ennilsion,  256, 
Emydin,  377. 
Enamel,  225. 
Enamel-organ,  225. 
Enchylema,  842. 
End-arteries,  148. 

„   bulbs,  828. 

,,   organs,  581. 

,,   plate,  458. 
Endocardial  pressure,  67. 
Endocardium,  54. 
Endoderm,  863. 
Endolymph,  808. 
Endomysium,  453, 
Endoneurium,  530. 
Endosmometer,  296. 
Endosmosis,  295. 
Endosmotic  equivalent,  296. 
Enemata,  301. 

Energy,  conservation  of,  xli. 

,,      potential,  xli. 
Eneuresis  nocturna,  437. 
Entoptical  iihenomena,  762. 

,,       pulse,  763. 
Entotical  percejitions,  820. 
Enzym,  379. 
Epiblast,  863. 
Epicardium,  51. 
Epidermal  appendages,  369. 
Epididymis,  845. 
Epidural  si>ace,  727. 
Epigenesis,  869. 
Epiglottis,  229. 

,,        injury  to,  229. 
Epilepsy,  680,  695. 
Epineurium,  529. 
Epiphysis  cerebri,  722. 
Epithelium,  ciliated,  159,  451. 
Eponychium,  440. 
Equator,  561. 

Equilibrium,  603,  647,  682. 
Erectile  tissue,  857. 
Erection,  centre  for,  857. 

,,      of  penis,  857. 
Erect  vision,  749. 
Errhines,  183. 
Eiythrochlorophy,  778. 
Erythro-dextrin,  218. 

,,     -granulose,  383. 
Esbach's  method,  410. 
Eserine,  761. 
Ether,  xxxvi. 
Eudiometer,  40. 
Eukalyn,  384. 
Eui)eristalsis,  237. 
Eupnoea,  663. 
Eustachian  catheter,  806. 

„        tube,  805. 
Excitability,  action  of  poisons 
on,  646. 

Excitable  points  of  a  nerve,  541. 
Excito-motor  nerves,  583. 
Excretin,  282. 

Excretion  of  fpecal  matter,  233. 
Exophthalmos,  783. 
Expectorants,  202. 
Experimentum  mirabile,  686. 
Expiration,  169. 
P]xpiratory  muscles,  173. 


Explosives,  521. 
Extensor  tetanus,  637. 
External  capsule,  717. 

„      genitals,  890. 
Extra-current,  549. 
Extrapolar  region,  565. 
Extremities,    development  of, 
871. 

Exudation,  313. 
Eye,  733. 
„    accommodation  of,  749. 

artificial,  748. 
,,    astigmatism,  758. 

chromatic  aberration  of, 
757. 

compound,  793. 
,,    development  of,  892. 
, ,    effect  of  electrical  currents, 
763. 

,,    emmetroi)ic,  750. 

entoptical  phenomena,  762. 
,,    epiphysial,  796. 
,,    excised,  761. 
„    fundus  of,  766. 
,,    hypermetroj)ic,  754. 
,,    illumination  of,  764. 
,,    movements  of,  782. 
,,    mviscles  of,  782. 
,,    myojiic,  754. 
,,    jiineal,  796. 
,,    presbyopic,  755. 
,,    pi'otective  organs  of,  793. 
,,    refractive  power  of,  753. 
,,    structure  of,  733. 
Eyeballs,  axis  of,  783. 

,,       movements  of,  785. 

muscles  of,  785. 
,,       planes  of,  783. 
,,      positions  of,  784. 

protrusion  of,  783. 
,,       retraction  of,  783. 
„      simultaneous  move- 
ments of,  780. 
Eye-cun-ents,  561. 
Eyelids,  793. 

Facial  nerve,  599. 
Ftecal  matter,  283. 

„          excretion  of,  233. 
Fainting,  61. 
Fallopian  tubes,  853. 
Fall-rhetom,  563. 
Falsetto  voice,  578. 
Faradic  current,  549. 
Faradisation  in  paralysis,  577. 
Far  point,  753. 
Fascia,  lymphatics  of,  310. 
Fatigue  of  muscle,  495. 

„      stuffs,  496. 
Fats,  381. 

,,    decomposition  of,  256. 

,,    metabolism  of,  363. 

,,    origin  of,  364. 
Fat-splitting  ferment,  256. 
Fatty  acids,  381. 

,,    degeneration,  366. 
Febrifuges,  336. 
Fechner's  law,  732. 
Fehling's  solution,  220,  414. 
Fermentation,  354. 

,,  in  intestine,  279. 

test,  221. 

Ferments,  380. 
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Ferments,  fate  of,  279. 

organised,  380. 

unorganised,  379. 
Fertilisation  of  ovum,  860. 
Fever,  335. 

„     after  transfusion,  147. 
Fibres  of  Tomes,  224. 
Fibrillar  contraction,  476. 
Fibrin,  17,  30,  31. 
Fibrin-factors,  35. 
Fibrin-ferment,  35. 
Fibrinogen,  34,  376. 
Fibrinoplastin,  34. 
Fibroin,  378. 
Field  of  vision,  749. 

„  contest  of,  791. 

Filaria  sanguinis,  418. 
Filiform  jjapilhe,  824. 
Filtration,  '297. 

First  respiration,  discharge  of, 
666. 

,,     effects  of,  on  thorax,  182. 
Fish  extract,  356. 
Fission,  841. 
Fistula,  biliary,  271. 
,,       gastric,  247. 
,,      intestinal,  277. 
„      pancreatic,  253. 
,,       pyloric,  245. 
Thiry'.s,  277. 
Vella's,  277. 
Flame  sjiectra,  21. 
Flavour,  823. 

Fleischl's  law  of  contraction, 
568. 

,,       hiemometer,  20. 
Flesh,  349. 
Flight,  509. 
Floor-space,  201. 
Flourens'  doctrine,  682. 
Fluid  vein,  140. 
Fluids,  flow  of,  89. 

,,     introduction  of,  222. 
Fluorescence,  774. 

„          of  eye,  749. 
Fluorescin,  742. 
Focal  distance,  743. 
,,    line,  752. 

,,    ix)int,  744. 
Foetal  circulation,  875. 

,,    membranes,  873. 
Follicles,  solitary,  293. 
Fontana's  markings,  532. 
Fontanelle,  pulse  in,  115. 
Foods,  isodynamic,  316. 
plastic,  356. 

,,     quantity,  356,  358. 

,,     respiratory,  356_. 

„     utilisation  of,  350. 

,,     vegetable,  350. 
Foramen  ovale,  876. 

,,   '    of  Magendie,  726. 
Force  of  accommodation,  755. 
Forced  movements,  721. 
Forces,  xxxvii. 
Fore-gut,  869. 
Fonnatio  reticularis,  658. 
Formative  cells,  865. 
Fovea  caidica,  869. 

centralis,  739,  769_. 
Fractional  heat  coagulation,  38. 
Free  acid,  formation  of,  245. 
Fremitus,  180. 


Friction  sounds,  180. 
Frog  current,  557. 
Froniann's  lines,  529. 
Fruits,  352. 

Fundamental  note,  814. 
Fundus  glands,  241. 
Fungi,  279. 

Fungiform  papillae,  824. 

<;aortner,  ducts  of,  889. 
Galactorrhuea,  345. 
Galactose,  383. 
Gallop,  508. 
Gall  stones,  287. 
Galton's  whistle,  812. 
Galvanic  battery,  545. 

,,      excitability,  578. 
Galvano-cautery,  579. 
Galvanometer,  544. 

„  reflecting,  547. 

Galvano-puncture,  579. 

,,      tonus,  536. 
Gamgee's  method,  35. 
Ganglionic  arteries,  689. 
Gangrene,  583. 
Gargling,  183. 
Gaseous  exchanges,  188. 
Gases,  absorption  of,  39. 

„     diffusion  of,  39. 

,,     extraction  of,  40. 

,,     in  blood,  39. 

,,     in  lymph,  195. 

,,     in  stomach,  252. 

,,     indifferent,  200. 

,,     irrespirable,  200. 

,,     poisonous,  199. 

,,     respired,  188. 
Gaskell's  clamp,  80. 
Gas-pump,  41. 
Gasserian  ganglion,  591. 
Gas-sphygmoscope,  101. 
Gastric  digestion,  247. 

,,     conditions  affecting,  250. 

,,     fistula,  247. 

,,     pathological  variations, 
286. 

Gastric  giddiness,  606. 
Gastric  juice,  241. 

,,     action  of  drugs  on,  246. 

,,     action  on  tissues,  251. 

,,     actions  of,  247. 

,,     artificial,  2. 
Gaule's  exiieriment,  7. 
Gelatin,  251,  379. 
Gelatin  ?•.  albumin,  362. 
Gemmation,  842. 
Genital  cord,  889. 

„     coriJuscles,  829. 

„     eminence,  889. 
Genu  valgiun,  503. 

,,    varum,  503. 
Geometrical  colour-table,  775. 
Gerlach's  theory,  629. 
Germ-epithelium,  849,  868. 
Germinal  area,  863. 

,,      membrane,  863. 
Germinating  cells,  304. 
Germs,  200. 

Gestation,  period  of,  878. 
Giddiness,  601,  605. 
Ginglymus,  498. 
Gii'aldes,  organ  of,  889. 
Girdle  sensation,  648. 


Gizzard,  281, 
Glance,  791. 

Glands,  albuminous,  206. 
Bowman's,  821. 
Ikunner's,  276,  293. 

„      buccal,  206. 

,,      carotid,  77,  157. 

,,      ceruminous,  445. 

„      changes  in,  209. 
coccygeal,  77,  157. 
Ebner's,  206. 

,,      fundus,  241. 

Hardcrian,  796. 

,,      lachrymal,  794. 

Lieberkiihn's,  277,  293. 

,,      lingual,  206. 

,,      lymph,  304. 

,,      mammary,  343. 

,,      INIeibomian,  793. 

,,      mixed,  209. 
Moll's,  443. 

,,      mucous,  206. 
Nuhn's,  206. 

,,      parotid,  214. 

,,      peptic,  241. 

„      Peyer's,  294. 

„      pyloric,  241. 

,,      salivary,  206. 

,,      sebaceous,  442. 

,,      serous,  206. 

,,      solitary,  293. 

,,      sublingual,  214. 

„      submaxillary,  209. 

,,      sweat,  442. 

,,      uterine,  853. 
Weber's,  206. 
Glaixcoma,  594. 
Gliadin,  378. 
Glisson's  capsule,  259. 
Globin,  377. 
Globulins,  376. 
Globuloses,  248. 
Glomerulus,  387. 
Glosso-pharyngeal  nerve,  606. 
Glossoplegia,  615. 
Glossy  skin,  582. 
Glottis,  512. 
Glucose,  264,  383,  413. 

tests  for,  220,  414. 
Glucosides,  380. 
Glutamic  acid,  385. 
Gluteal  reflex,  641. 
Gluten,  378. 
Glycerin,  381,  382. 

method,  219. 
Glycerin-phosphoiic  acid,  382. 
Glycin,  384. 
Glycocholic  acid,  267. 
Glycogen,  262,  383. 
Glycolic  acid,  382. 
Glycosuria,  264,  413. 
Gmelin-Heintz'  reaction,  269. 
Goblet  cells,  291. 
Goitre,  154. 
GoU's  column,  633. 
Goltz's  balancing  experiments, 
583. 

,,      croaking  experiment, 
638. 

,,      embrace  experiment, 
638. 

,,     cEsophagus  experiments, 
229. 
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Gorham's    pupil  photometer, 

761. 
Gout,  48. 

Graafian  follicle,  S49.__ 
Gracilis  experiment,  .")74. 
Grandry's  corpuscles,  829. 
Granules,  elementary,  17. 
Granulose,  218. 
Grape-sugar,  383,  413. 

„  absorption  of,  298. 

estimation  of,  221. 

injection  of,  264. 

in  urine,  413. 
„  tests  for,  220. 

volumetric  analy- 
sis, 414. 
Gravitation,  xxxvii. 
Great  auricular  nerve,  675. 
Green-blindness,  778. 
Green  vegetables,  352. 
Growth,  372. 
Guanidin,  482. 
Guanin,  439,  453. 
Guaranfli,  353. 
Guberuaculum  testis,  889. 
Gum,  384. 

Gustatory  centre,  704,  713. 

,,        fibres,  600. 

,,        region,  823. 

sensations,  825. 
Gymnastics,  503. 
Gymnotus,  580. 
Gyri,  649. 

Hay's  reaction,  268,  413. 
Hemacytometer,  5. 
Hpemadynamometer,  119. 
Hrematin,  25,  26. 
Hrematoblasts,  17. 
Hffimatohidrosis,  449. 
Hpematoidin,  27. 
Hrematoma  aurium,  583. 
Hrematoporphyrin,  26. 
Hjematuria,  411. 
H<'emautogra])hy,  101. 
Hismin  and  its  tests,  26,  412. 
Hfemochromogen,  26. 
Hajmocyanin,  38. 
H?emocytolysis,  7. 
Hsemocytometer,  5. 
H?emocytotrypsis,  7. 
Hpemodromometer,  133. 
Hpemodynamometer,  119. 
Haemoglobin,  18. 

, ,         amount  of,  20. 

„  analysis,  18. 

„  carbonic  oxide,  24. 

compounds  of ,  22. 
crystals,  18. 
decomposition  of, 
25. 

.,  estimation  of,  19. 

,,  nitric  oxide,  25. 

pathological,  21. 
preparation,  19. 
proteids  of,  28. 
,,         reduced,  23. 

spectrum,  22. 
Haemoglobinomcter,  19. 
H?emoglobinuria,  411. 
Hsemometer,  20. 
Hftmophilia,  32. 
Hsemorrhage,  death  by,  48. 


H;emorrliage,  effect  on,  672. 
Hiemorrhagic  diathesis,  32. 
H;emotachometei',  133. 
Haidinger's  brushes,  764. 
Hair,  440. 
,,    cells,  810. 
„    follicle,  441. 
Halisterisis,  503. 
Hallucinations,  732. 
Hammarsten,  34. 
Hammarsten  on  blood,  34. 
Harderian  gland,  796. 
Hare-lip,  879. 
Harmony,  818. 
Harrison's  groove,  171. 
Hassall's  corpuscles,  154. 
Hawking,  183. 
Hay's  test,  268. 
Head-fold,  869. 
Head-gut,  869. 
Hearing,  797. 
Heart,  51. 

,,     accelerated  action,  67. 
action  of  fluids  on,  81. 

,,     action  of  gases,  85. 

,,     action  of  poisons  on,  83, 
85. 

,,     aijex,  82. 
,,     apex  beat,  61. 
,,     arrangement   of  fibres, 
51. 

,,     aspiration  of,  129. 
,,     auricular  systole,  57. 
,,     automatic  centres,  78. 
,,     automatic  regulation,  55. 

blood-vessels  of,  56. 
,,     changes  in  sliape,  65. 
,,     chordre  tendiniaj,  59. 
,,     cutting  experiments,  69. 
,,     development  of,  869, 882. 
,,     diastole,  57. 
,,     duration  of  movements, 
74. 

,,     endocardium,  54. 
,,     examination  of,  75. 
,,     frog's,  77. 
,,     ganglia  of,  76. 
,,     hypertrophy  of,  60. 
,,     impulse  of,  61. 
,,     innervation  of,  76. 
,,     movements  of,  57. 
,,     muscular  fibres,  53. 
,,     myocardiiun,  51. 
,,     nerves,  76. 
,,     nutritive  fluids,  79. 
,,     palpitation  of,  60. 
,,     pause  of,  59,  66. 
,,     pericardium,  54. 
,,     Purkinje's  fibres,  55. 
,,     regulation  of,  55. 
,,     section  of,  80. 
,,     sounds  of,  71. 
,,     staircase  beats  of,  81,  84. 
,,     systole,  57. 
,,     valves  of,  54. 
,,     weight,  55. 
,,     work  of,  136. 
Heat,  xxxix. 

,,    balance  of,  331. 
,,    calorimeter,  324. 
,,    centres,  329,  705. 
,,    conductivity,  325. 
,,    dyspnoea,  1/1,  664. 


Heat,  employment  of,  337. 
„    estimation  of,  324. 
.,    excretion  of,  330. 
„    income  and  expenditure, 
332. 

„    in  inflamed  parts,  339. 
,,    in  muscle,  493. 
,,    latent,  315. 
,,    production,  317. 
,,    regulating  centre,  329. 
, ,    relation  to  work,  333. 
,,    sources  of,  315. 
,,    specific,  324. 
„    stiffening,  468. 
,,    storage  of,  334. 
,,    units,  xl,  316. 
,,    variations  in  production, 
333. 

Helicotrema,  808. 
HeUer's  test,  202,  409. 

,,       blood-test,  412. 
Helmholtz's  modification,  549. 
Hemeralopia,  587. 
Hemialbumin,  248. 
Hemialbumose,  247. 
Hemiansesthesia,  714. 
Hemianopsia,  586. 
Hemicrania,  678. 
Hemiopia,  586. 
Hemipeptone,  248. 
Hemiplegia,  707. 
Hemisystole,  71. 
Heiile's  loop,  387. 

,,      sheath,  530. 
Hen's  egg,  851. 
Hensen's  experiments,  818. 
Hepatic  cells,  260. 

,,       chemical  composition 
of,  262. 

,,       zones,  260. 
Hepatogenic  icterus,  273. 
Herbst's  corpuscles,  829. 
Hermann's    theory    of  tissue 

currents,  563. 
Herpes,  582. 
Hetero-albumose,  248. 

,,     -xanthin,  401. 
Heterologous  stimuli,  731. 
Hewson's  experiments,  33. 
Hiccough,  183. 
Hippocampus,  687. 
Hippuric  acid,  402. 
Hippus,  588. 
Histo-hsematin,  156. 
Historical — 

Absorption,  314. 

Circulation,  158. 

Digestion,  289. 

Hearing,  820. 

Heat,  340. 

Kidney  and  urine,  437. 
INIetabolism,  385. 
Nerves  and  electro-physiology, 
579. 

Nerve-centres,  730. 
Peripheral  nerves,  624. 
Reproduction   and  develop- 
ment, 896. 
Respiration,  205. 
Sight,  795. 
Skin,  449. 
Smell,  823. 
Taste,  826. 
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Historical — 

Voice  and  speech,  523. 
Hoarseness,  523. 
Holoblastic  ova,  851. 
Homoiothermal  animals,  318. 
Homologous  stimuli,  731. 
Horopter,  788. 
Hot-spots,  836. 
Howship's  lacunse,  882. 
Humour,  aqueous,  720. 
Hunger  and  starvation,  360. 
Hyaloid  canal,  741, 
Hybernation,  339. 
Hybrids,  860. 
Hydatids,  844. 
Hydremia,  48. 
Hydramnion,  871. 
Hydrobilirubin,  269. 
Hydrocele,  34. 
Hydrocephalus,  728. 
Hydroclimon,  404. 
Hydrochloric  acid,  243. 
Hydrocyanic  acid,  25. 
Hydrogen  in  body,  373. 
Hydrolytic  ferments,  379. 
Hydronephrosis,  436. 
Hydrostatic  test,  165. 
Hydroxylbenzol,  404. 
Hyo-cholalic  acid,  267. 
Hypakusis,  604. 
Hypalgia,  839. 
Hyperesthesia.  646. 
Hyperakusis,  604. 
Hyperalgia,  604. 
Hyperdicrotism,  106. 
Hypergeusia,  826. 
Hyjierglobulie,  47. 
Hyperidrosis,  448. 
Hyperkinesia,  646. 
Hypermetropia,  754. 
Hypcroptic,  754. 
Hyperosniia,  584. 
Hyperpselaphesia,  838. 
Hyperti-ophy  of  heart,  60,  70. 

,,         of  muscle,  504. 
Hypnotism,  686. 
Hypoblast,  863. 
Hypogeusia,  826. 
Hypoglossal  nerve,  615. 
Hypophysis  cerebri,  156,  722. 
Hypopselaphesia,  838. 
Hyposmia,  584. 
Hypospadias,  890. 
Hypoxanthin,  385. 

I<litiiidiii,  377. 
Icterus,  273. 
Identical  points,  787. 
Ileo-colic  valve,  233. 
Ileus,  233. 

Illumuiation  of  eye,  764. 
Illusion,  732. 

Images,  formation  of,  747. 
Imbibition  currents,  564. 
Imi^regnation,  861. 
Impulse,  cardiac,  61. 
Impulses  in  brain,  course  of, 

653. 
Inanition,  360. 
Incisures,  528. 
Income,  358. 
Indican,  404. 
Indifferent  point,  554. 


Indigo  blue,  404. 

Indigo-carmine  test,  414, 

Indigogen,  404. 

Indirect  vision,  769. 

Indol,  255,  282. 

Induction,  549. 

Inductorium,  551. 

Inferior  maxillary  nerve,  595. 

Inhibition,  nature  of,  640. 

Inhibition  of  reflexes,  639. 

Inhibitory  action  of  brain,  706. 

, ,        nerves,  583. 

,,        for  heart,  667. 

„        for  intestine,  238. 

„        for  respiration,  665. 
Inion,  714. 

Initial  contraction,  487. 
Inosinic  acid,  385. 
Inosit,  384. 

Insectivorous  plants,  289. 
Inspiration,  169. 

„        centre  for,  662. 

,,        muscles  of,  172. 

,,        ordinary,  172. 
Intelligence,  degree  of,  684. 
Intercellular  blood-channels,  95. 
Intercentral  nerves,  583. 
Intercostal  muscles,  174. 
Interference,  818. 
Interglobular  spaces,  225. 
Interlobular  vein,  259. 
Internal  capsule,  716. 

, ,      reproductive  organs, 
888. 

,,      respiration,  159,  194. 
Intestinal  fistula,  277. 
,,       gases,  279. 
,,       juice,  278. 

,,    actions  of,  278. 
,,       paresis,  238. 
Intestine,  233. 

,,       artificial  circulation, 
238. 

,,       development  of,  886. 
„       effect  of  drugs  on, 
239. 

,,       fermentation  pro- 
cesses in,  279. 
„      large,  283,  294. 
, ,       movements  of,  233. 
small,  290. 
Intralabyrinthine  pressure,  810. 
Intralobular  vein,  259. 
Intraocular  pressure,  594,  742, 
762. 

Intrathoracic  pressure,  181. 

Intravascular  hremorrhage,  676. 

Inulin,  384. 

Inunction,  449. 

Invertin,  281. 

Invert  sugar,  281. 

Inverted  image,  747. 

Ions,  545. 

Iris,  736. 

,,  action  of  poisons  on,  760. 

,,   blood-vessels  of,  737. 

,,  functions  of,  758. 

, ,  movements  of,  759. 

„  muscles  of,  759. 

„  nerves  of,  759. 
IrraiUation,  780. 

„        of  pain,  648,  839. 
Ischuria,  436. 


Island  of  Reil,  690. 
Isodynamic  foods,  316. 
Isolated  beats,  818. 
Isometrical  act,  487. 
Isotropous,  476. 

Jacksoiiinii  epilepsy,  695,  709. 
Jacobson's  organ,  822. 
Jaeger's  types,  755. 
Jaundice,  272. 
Jaw-jerk,  643. 
Joints,  498. 

„     arthrodial,  499. 

,,     ball  and  .socket,  499. 

,,     ginglynius,  498. 

,,     mechanism  of,  498. 

„     rigid,  499. 

,,     screw-hinge,  493. 
Juice  canals,  302. 

Kai-.xtkiiiosls,  842. 

Karyomiton,  842. 
Karyoplasma,  842. 
Katabolic  metabolism,  341. 

,,       nerves,  583. 
Katalej^sy,  686. 
Rations ,  545. 
Keratin,  378. 
Keratitis,  602. 
Keys — 

Capillary  contact,  553. 
Friction,  552. 
Plug,  552. 
Kidney,  386. 

,,      blood  of,  426. 
,,      chemistry  of,  426. 
,,      conditions  affecting, 
427. 

,,      reabsorption  in,  424. 
structure  of,  386. 

,,      volume  of,  428. 
Kinajsodic  substance,  645. 
Kinetic  energy,  315. 

,,     theory,  604. 
Klang,  811. 

Knee  phenomenon,  643. 
,,    -jerk,  643. 
,,    reflex,  643. 
Kcenig's    monometric  flames, 

815. 
Koumiss,  348. 
Krause's  end-bulbs,  828. 
Kreatin,  385. 
Kreatinin,  385,  401. 

,,        properties,  401. 
,,        quantity,  401. 
, ,       test,  401. 
Kresol,  385. 

Kryptophanic  acid,  405. 
Kiihne's  artificial  eye,  74. 

,,      experiments,  556,  573. 
,,      pancreas  powder,  256. 
Kymograph,  119. 

Pick's,  121. 
,,         Hering's,  121. 
„         Ludwig's,  119. 
Kyphosis,  503. 

Labials,  522. 
Labour,  power  of,  894. 
Labyrinth,  806. 
Lachrymal  apparatus,  794. 
Lacteals,  290,  302. 
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Lactic  acitl,  243,  -'546,  382. 

,,        ferment,  251. 
Lactometer,  347. 
Lactoprotein,  346. 
Lactoscone,  348. 
Lactose,  383. 
Lctviilose,  281,  383. 
Lagophthalmus,  5S8._ 
Lambert's  method,  774. 
Laminie  dorsales,  8(\~). 
Lamina  spiralis,  808. 
Language,  711. 
Lanoline,  445. 
Lanugo,  442. 
Lapping,  222._ 
Ivardacein,  377. 
Large  intestine,  283,  294. 

absorption  in, 
283. 

Laryngoscoi^e,  515. 
Larynx,  cartilages  of,  510. 

during  respiration,  517. 
,,      experiments  on,  518. 
,,       illumination  of,  515. 
,,      mucous  membrane  of, 
514. 

,,      muscles  of,  511. 

,,       view  of,  516. 

,,      vocal  cords,  510. 
Latent  heat,  315. 

,,  period,  480. 
Lateral  plates,  868. 
Laughing,  183. 

Law  of  conservation  of  energy, 
xli. 

,,    contraction,  568. 

,,    isolated  conduction,  573. 

,,    jjeripheral  jjerception,  830. 

, ,    specific  energy,  731. 
Leaping,  507. 
Lecithin,  28_,  381,  531. 
Legumin,  351. 
Lens,  chemistry  of,  740. 

„     crystalline,  740. 

development  of,  893. 
Lenticular  nucleus,  716. 
Leptothrix  epidermalis,  449. 

,,        buccalis,  217. 
Leucic  acid,  382. 
Leucin,  255. 
Leucocytes,  13. 
Leucoderma,  582. 
Leucomaines,  249. 
Leukaemia,  18. 
Levers,  501. 
Lichenin,  384. 
Lieben's  test,  405. 
Lieberkiihn's  glajids,  277. 

jelly,  377.  _ 
Liebermann's  reaction,  376. 
Liebig's  extract,  350. 
Life,  xli. 
Limbic  lobe,  704. 
Limb  plexus,  620. 
Liminal  intensity,  731. 
Line  of  accommodation,  753. 
Ling's  system,  503. 
Lingual  nerve,  596. 
Lipaemia,  47. 
Liquor  sanguinis,  29. 
Listing's  reduced  eye,  747. 

law,  784. 
Liver,  258. 


Liver,  action  of  drugs  on  cells, 
261. 

,,     chemical  composition, 
262. 

„     cirrhosis  of,  262. 
,,     development  of,  887. 
,,     fat  in,  264. 
,,     functions  of,  266. 
, ,     glycogen  in,  263. 
, ,    influence  on  metabolism, 
271. 

,,     pathology  of,  262. 

,,     pulse  in,  143. 

,,     regeneration  of,  262. 

,,     structure  of,  258. 
Lobes  of  brain,  689. 
Locality,  sense  of,  830. 

,,      illusions  of,  833. 
Lochia,  895. 
Locomotor  ataxia,  647. 
Lordosis,  503. 
Loss  by  skin,  194. 
Loss  of  weight,  361. 
Lowe's  ring,  764. 
Lungs,  159. 

,,      chemical  composition  of, 
165. 

,,      develo2iment  of,  886. 

,,      elastic  tension   of,  87, 
130,  166. 

,,      examination  of,  177. 
excision  of,  165. 

,,      limits  of,  177. 

,,      physical  properties,  165. 

,,      structure  of,  161. 

,,      tonus,  165. 
Lunule,  440. 
Lutein,  856. 

Luxus  consumjition,  356. 
Lymph,  306. 

,,      movement  of,  310. 

,,      gases  of,  195,  308. 
Lymi)hatics,  301. 

of  eye,  741. 
origin  of,  301. 
Lymph-corpuscles,  305. 

„  origin  and  decay  of,  309. 
Lymph-follicles,  304. 

,,     glands,  304. 

,,     hearts,  311. 

Macropin,  588. 
Macula  lutea,  739. 
MacuL-B  acusticaj,  809. 
Madder,  feeding  with,  371. 
Magnetisation,  549. 
Magneto-induction,  550. 
Major  chord,  812. 
Malaiiterurus,  579. 
Malt,  354. 
Maltose,  218,  383. 
Mammary  glands,  343. 

,,        changes  in,  343. 

„        development  of,  344. 

„        structure  of,  343. 
Manometer,  119. 

frog,  82. 
,,         maximum,  59. 
,,         minimum,  59. 
Manometric  flames,  815. 
Marey's  tambotir,  67. 
Margarin,  438. 
Marginal  convolutioiis,  690. 


Mariotte's  experiment,  768. 
IMassage,  503. 
Mastication,  223. 

„         muscles  of,  223. 
,,         nerves  of,  223. 
Mate,  353. 
Matter,  x.Kxvi. 
Maturation  of  ovum,  861. 
Meat  soup,  350. 
Meckel's  cartilage,  880. 

,,       ganglion,  595. 
IMeconitim,  275. 
Medulla  oblongata,  655. 

Functions  of,  359. 

Grey  matter  of,  657. 

Reflex  centres  in,  659. 

Structure  of,  655. 
Medullary  groove,  864. 

,,       tube,  865. 
Meibomian  glands,  793. 
Meiocardia,  86. 

Meissner's  plexus,  230,  236,  294. 

Melanaemia,  18. 

Melanin,  381. 

Melitose,  383.^ 

Mellit;emia,  47. 

Mellituria,  47. 

Membrana  decidua  menstrualis, 
873. 

,,        flaccida,  800. 

,,        reticularis,  810. 
reunions,  870. 

,,        secundaria,  806. 

,,        tectoria,  810. 

,,       tympani,  799. 
Membranes  of  brain,  726. 
Meniere's  disease,  605. 
Menopause,  854. 
Menstruation,  854. 
Mercurial  balance,  834. 
Merkel's  cells,  829. 
Meroblastic  ova,  851. 
Mesentery,  development  of,  887. 
Mesoblast,  864. 
Mesonephros,  889. 
Metabolic  equilibrium,  355. 

,,       phenomena,  341. 
Metabolism,  341. 

,,  in  anaemia,  48. 

, ,          on  flesh  and  other 
diets,  362. 
Metakresol,  404. 
Metalbumin,  376. 
Metallic  tinkling,  180. 
Metalloscopy,  839. 
Metamorphosis,  843. 
Metanephros,  889. 
Meteorism,  238. 
Methasmoglobin,  23. 
Methylamine,  384. 
Meynert's  ijrojection  systems, 
650. 

,,         theory,  684. 
Micrococci,  41. 
Micrococcus  urese,  408. 
Microcytes,  17. 
Micropyle,  850. 
Microscope,  137. 
Micro-organisms,  284. 
Micro-spectroscope,  21. 
Micturition,  434. 

, ,  centre  for,  644. 

Migration  of  ovum,  860. 
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Milk,  345. 
,,    action  of  drags  on,  347. 
„    coaguliition  of,  346. 
,,    colostrum,  343. 
, ,    composition  of,  344. 

curdling    ferment,  243, 
346. 

,,    digestion  of,  250. 

„    fever,  345,  895. 
globules  of,  345. 

,,    peptonised,  258. 

,,    plasma,  345. 

„    preparations  of,  348. 

,,    substitutes  for,  347. 
sugar,  346. 

,,    tests  for,  347. 
]\Iillon's  reagent,  375. 
Mimetic  spasm,  603. 
Mimicry,  523. 
Minor  chord,  812. 
Mitosis,  842. 
Mixed  colours,  774. 
Modiolus,  808. 

IMolecular  basis  of  chyle,  306. 
]\Iolecules,  xxxvi 
Molisch's  test,  222. 
IMonojilegia,  709. 
Monospasm,  710. 
IMoore's  test,  220. 
Moreau's  experiment,  278. 
Mormyms,  579. 
Morphology,  xxxv. 
Morula,  862. 
ilotion,  illusions  of,  780. 
Motor  areas,  706. 
Motor  centres,  dog.  691,  695. 

„     excision  of,  699. 
in  man,  698. 

„     in  monkey,  696. 

,,     nerves,  581. 

„     i«iths,  653. 

,,     points  on  the  surface, 
575. 

Mouth,  206. 

,,      glands  of,  206. 
Mouvements  de  manege,  721. 
Movements  of  the  eye,  782. 
,,         acquired,  700, 
forced,  721. 
inco-ordinated,  619. 
Mucedin,  378. 
Mucigen,  291. 
Mucin,  267,  378. 
Mucous    membrane  currents, 
561. 

Mucous  tissue,  741. 

Mucus,  effect  of  drugs  on,  201. 

,,      formation  of,  201,  267. 
Mulberry  mass,  862. 
Mulder's  test,  220. 
Muller's  ducts,  888. 

,,      experiment,  88,  112. 

,,      fibres,  738. 

,,      valve,  184. 
Multiplicator,  543. 
Mui-exide  test,  400. 
Murmurs,  cardiac,  74. 

,,        venous,  141. 
Muscre  volitantes,  762, 
Muscarin,  669. 
Muscle,  453. 

,,      action  of  two  stimuli 
on,  484. 


Muscle,  action  of  veratrin,  483. 

„      active  changes  in,  475. 

,,      an-angement  of,  500. 

,,  atrophic  proliferation 
of,  504. 

„      blood-vessels  of,  457. 

,,      cardiac,  51,  460. 

,,  changes  during  con- 
traction, 475. 

,,  chemical  composition, 
462. 

„      current,  547. 
,,      curve  of,  479. 
,,      degenerations  of,  504. 
,      development  of,  640. 
,,      effect  of  acids  on,  469. 
,,      effect  of  cold  on,  469. 
,,      effect  of  distilled  water 

on,  469. 
,,      effect  of  exercise  on, 

503. 

,,      effect  of  heat  on,  468. 
„      elasticity  of,  491. 
, ,      electric  currents  of,  554. 
,,      excitability  of,  470. 
, ,      extractives  of,  465. 
„      fatigue  of,  495. 
,,      ferments,  463. 
,,      fibrillag,  455. 
„      formation  of  heat  in, 
493. 

,,      gases  in,  464. 
, ,      glycogen  in,  463,  465. 
,,      hypertrophy  of,  504. 
,,      involuntary,  453. 
,,      lymphatics  of,  458. 
„      metabolism  of,  464. 
,,      myosin  of,  463. 
,,      nerves  of,  458. 
,,      nutrition  of,  503. 
,,      of  heart,  51,  460. 
,,      perimysium  of,  453. 
, ,      ijhysical  characters, 
462. 

,,      plasma  of,  463. 
,,      plate,  870. 
,,      polarised  light  on,  462. 
„      reaction,  462. 
,,      recovery  of,  497. 
, ,      red  and  pale,  460. 
,,      relation    to  tendons, 
457. 

,,  rhythmical  contraction, 
474. 

,,      rigor  mortis  of,  466. 
,,      rods,  456. 
,,      sensibility,  459,  493. 
,,      serum  of,  463. 
,,      smooth,  453,  460. 
,,      sound  of,  495. 
,,      spectnim  of,  460. 
,,      staircase  of,  485. 
,,      stimuli  of,  473. 
,,      structure    of  striped, 
453. 

■,,      tetanus,  485. 
„      tomis,  493,  644. 
,,      uses  of,  500. 
,,      volume  of,  4J5. 
,,      voluntary,  453. 
„      work  of,  489. 
jMuscle-current.  554. 

theories,  562. 


Muscular      contraction  (see 

Myogram),  rate  of,  487. 
Muscular  energy,  466. 

„       exercise,  189. 

„       sense,  839. 

„       work,  465. 

„  „     laws  of,  489. 

Mutes,  521. 
Mydriasis,  588. 
Mydriatics,  760. 
Myelin  forms,  527. 
Myocardium,  51. 
Myogram,  479. 

,,       effect    of  constant 
current  on,  482. 

,,        effect  of  fatigue  on, 
482. 

,,       effect  of  poisons  on, 
482. 

,,        effect  of  veratrin  on, 
483. 

, ,        effect  of  weights  on, 
482. 

,,        method  of  studying, 
477. 

„       stages  of,  479. 
Myogi-aph,  Helmholtz's,  477. 

„        pendulum,  477. 

„        Pfliiger's,  478. 

„        simple,  478. 

„  spring,  478. 
Myohajmatin,  381,  460. 
Myopia,  754. 

Myoryctes  "Weismanni,  462. 
Myosin,  376,  463. 

,,      ferment,  463. 
Myosis,  588. 
Myotics,  761. 
Myxcedema,  155,  582. 

Xails,  440. 
Nai'cotics,  839. 
Nasal  breathing,  182. 

„     timbre,  521. 
Nasmyth's  membrane,  225. 
Native  albumins,  376. 
Natural  selection,  896. 
Near  point,  753. 
Neef's  hammer,  .551. 
Negative  accommodation,  749. 
,,      after-images,  780. 
,,       pressure,  297. 
„      variation,  557,  559. 
Nephrozymose,  405. 
Nerve-cells,  52,5,  530. 

„     bijiolar,  530. 

,,     multiijolar,  530,  628. 

,,     of  cerebrum,  687. 

,,     Purkinje's,  723. 

,,     with  a  spiral  fibre,  530. 
Nerve  centres,  general  func- 
tions, 625. 
Nerve-current,  554. 
Nerve-fibres,  525. 

,,     action  of  nitrate  of  silver 
on,  529. 

„     chemical  properties  of, 
531. 

„     classification  of,  581. 
,,     death  of,  541. 
, ,     degeneration  of,  537. 
,,     development  of,  530. 
,,     division  of,  529. 
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Nerve-fibres,  effect  of  a  constant 
current  on,  535. 
electrical     current  of, 
554. 

, ,     electrical  stimuli,  535. 
,,     excitability  of,  533. 
,-,     fatigue  of,  537. 
,,     incisures  of,  528. 
,,     mechanical  properties  of, 
532. 

,.     meduUated,  525. 
,,     metabolism  of,  532. 
,,     nutrition  of,  538. 
,,     Ranvier's  nodes,  52S. 
,,     reaction  of,  532. 
,,     recovery  of,  537. 
„     regeneration  of,  537,  540. 
„     .sheaths  of,  529. 
,,     stimuli  of,  533. 
,,     structure  of,  525. 
suture  of,  540. 
.  ,,     terminations  of,  827. 
,,     to  glands,  212. 
,,     traumatic  degeneration 

of,  539. 
,,     troijliic  centres  of,  539. 
unequal   excitability  of, 

536. 
union  of,  540. 
, ,     unipolar  stimulation,  537. 
Nerve-impulse,  rate  of,  570. 
,,     method    of  measuring, 
571. 

. ,     modifying  conditions, 
570. 

Nerve  motion,  573. 
Nerve-muscle  jireparation,  5 
Nerves,  581. 

,,      afferent,  583. 
,,      anabolic,  583. 
,,       centrifugal,  581, 
centripetal,  583. 
,,       cranial,  584. 
,,      electrical,  573. 
,,      intercentral,  583. 
,,      katabolic,  583. 
,,      motor,  581. 
,,      secretory,  581. 
,,      sensory,  583. 
, ,      special  sense,  583. 
,,       spinal,  615. 
,,      trophic,  581. 
„      union  of,  540. 
,,      vaso-dilatoi',  678. 
,,      vaso-motor,  672. 
,,      visceral,  583. 
Nerve-stretching,  533. 
Nervi  nervorum,  530. 
Nervous  system,  725. 

„      development  of,  891. 
Nervals  abducens,  599. 
,,     accelerans,  669. 
,,      accessorius,  611. 

acusticus,  603. 
,,     depressor,  610. 
,,     erigens,  644,  679,  859. 
,,     facialis.  599. 
,,     glossopharyngeus,  606. 
,,     hypoglossus,  615. 
,,     oculomotorius,  587. 
,,     olfactorius,  584. 
,,     opticus,  584. 
,,     sympathicus,  620. 


Nervus  trigeminus,  590. 
,,      trochlearis,  589. 
vagus,  607. 
Neubauer's  test,  220. 
Neuralgia,  598,  631. 
Neural  tube,  865. 
Neurasthenia  gastrica,  286. 
Neurin,  531. 
Neuro-epithelium,  738. 
,  Neuro-keratin,  528. 
I  Neuro-muscular  cells,  473. 
I  New-born  child,   digestion  of, 
I  246. 

,,        pulse,  107. 
size,  372. 
i        ,,        temperature,  326. 
urine  of,  393. 
,,        weight,  372. 
Nictitating  membrane,  796. 
Nitrites,  24. 

,,      on  pulse,  105. 
Nitrogen  in  air,  186. 
,,       in  blood,  44. 
,,       in  body,  373. 
,,       given  off,  355. 
Nreud  vital,  661. 
Noises,  811. 

Nose,  development  of,  879. 

,,     structure,  821. 
Notochord,  867. 
Nuclear  spindle,  861. 
Nuclein,  378. 
Nucleus  of  Pander,  852. 
Number-forms,  820. 
Nussbaum's  experiments,  423. 
Nutrient  enemata,  310. 
Nj'ctalopia,  587. 
Nystagmus,  605,  721. 

Oatmcnl,  351. 

Octave,  812. 
Oculomotorius,  587. 
Odontoblasts,  224. 
CEdema,  313. 

,,      cachectic,  313. 

„      iHilmonary,  182. 
(Esophagus,  229,  230. 
Ohm's  law,  542. 
Oleic  acid,  381. 
Oligajmia,  48. 
Olivary  body,  656. 
Olfactory  centre,  704,  713. 

,,       nerve,  584. 

,,       sensations,  822. 
Omphalo-mesenteric  duct,  869. 

J,  „        vessels,  870. 

Onamatopoesy,  523. 
Oncograph,  151,  428. 
Oncometer,  428. 
Ontogeny,  896. 
Opening  shock,  549. 
Ophthalmia  neuro  -  paralytica, 
594. 

intermittens,  594. 
„         sympathetic,  594. 
Ophthalmic  nerve,  591. 
Ophthalmometer,  748. 
Ophthalmoscope,  764. 
Optic  ner%'e,  584,  763. 

,,    radiation,  585. 

,,    thalamus,  716. 

„    tract,  584. 

,,    vesicle,  866. 


Optical  cardinal  points,  745. 
Optogram,  773. 
Optometer,  755. 
Ordinates,  121. 
Organic  albumin,  356._ 

„      compomids,  374. 

,,      reflexes,  643. 
Ortho-kresol,  4J34. 
Orthopnoea,  171. 
Orthoscope,  767. 
Osmasome,  350. 
Ossein,  379. 

Osseous  system,  formation  of, 
878. 

Osteoblasts,  882. 
Osteoclasts,  882. 
Osteomalacia,  503. 
Otic  ganglion,  597. 
Ovarian  tubes,  850. 
Ovary,  849. 
Overcrowding,  201. 
Ovulation,  855. 

,,        theories  of,  856. 
Ovum,  849. 

,,     development  of,  850. 

,,     discharge  of,  855. 

,,     fertilisation  of,  860. 
impregnation  of,  861. 

,,      maturation  of,  861. 

,,     migration  of,  860. 

,,     structure  of,  849. 
Oxalic  acid,  382,  401. 

,,         series,  382. 
Oxaluria,  401. 
Oxaluric  acid,  401. 
Oxy-acids,  405. 
Oxyakoia,  603. 
Oxygen  in  blood,  42. 

,,      estimation  of,  42,  184. 

,,      forms  of,  44. 

,,      in  body,  373. 
Oxyhiemoglobin,  22. 
Ozone  in  blood,  43. 

Paccbioninn  bodies,  727. 
Pacini's  corpuscles,  828. 
Pain,  838. 
,,    irradiation  of,  839. 
points,  830. 
Painful  impressions,  conduction 

of,  647. 
Palmitic  acid,  381. 
Palpitation,  60. 
Pancreas,  252. 

,,        changes  In,  253. 
,,        development  of,  887. 
„        fistula  of,  253. 
,,        juice  of,  254. 
, ,        paralytic  secretion, 
258. 

,,        powder,  256. 
,,       salt,  257. 
Pancreatic  secretion,  253. 
,,        actions  of,  254. 
,,        artificial  juice,  255. 
,,        action  of  nerves  on, 
257. 

,,        .iction  of  poisons  on, 
258. 

,,        composition,  254 
,,        extracts,  257. 

Panophthalmia,  59"?. 

Pansphygmograi)h,  61. 
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Papain,  "256. 
Papilla  foliata,  825. 
Papilla;  of  tongiie,  824. 
l*ai'ablastic  cells,  868. 
Paradoxical  contraction,  562. 
Paraglobulin,  37. 
Parakresol,  385,  404. 
Paralbumin,  376. 
Paralgia,  839. 

Paralytic  secretion  of  saliva, 
214. 

, ,         pancreatic  juice,  258. 
Paramylum,  384. 
Para-peptone,  247. 
Paraphasia,  711. 
Paraxanthin,  385,  401. 
Parelectronomy,  563. 
Paridrosis,  449. 
Paroophoron,  889. 
Parotid  gland,  207,  214. 
Parovarium,  889. 
Parthenogenesis,  844. 
Partial  pressure,  40. 

„      reflexes,  636. 
Particles,  xxxvi. 
Parturition,  centre  for,  644. 
Passive  insufficiency,  502. 
Patellar  reflex,  642. 
Fn\j's  test,  220. 
I'ecten,  796,  892. 
Pectoral  fremitus,  181. 
Pedunculi  cerebri,  718. 
Penis,  erection  of,  857- 
Pepsin,  242. 
Pejisinogen,  244. 
Peptic  glands,  241. 

,,     changes  in,  244. 
Peptogenic  substances,  246. 
Peptone,  247,  249. 

,,      absorption  of,  298. 

,,       forming  ferment,  242. 

,,      injection  of,  32,  299. 
metabolism  of,  363. 

,,       tests  for,  249. 
Peptonised  foods,  258. 
Peptonuria,  410. 
Percussion  of  heart,  76. 

lungs,  178. 
,,        sounds,  178. 
,,        wave,  102. 
Perforating  ulcer  of  the  foot, 
583. 

Pericardium,  54. 

fluid  of,  307. 
Perilymph,  808. 

Perimeter,  Aubert  and  Forster, 
769. 

M'Hardy's,  770. 
,,       Priestley  Smith's, 
772. 

Perimetric  chart,  770. 
Perimetry,  769. 
Perimysium,  51,  453. 
Perinexirium,  529. 
Periodontal  membrane,  225. 
Peristaltic  movement,  233. 

action  of  blood  on, 
237. 

,,       action  of  nerves  on, 
238. 

Peritoneum,   development  of, 
887. 

Perivascular  spaces,  688. 


Pernicious  anajmia,  17. 
Pettenkofer's  test,  268. 

„      apparatus,  185. 
Peyer's  glands,  294. 
Pfliiger's  law,  567. 

,,      law  of  reflexes,  637. 
Phagocytes,  15. 
Pliakoscope,  752. 
Phiinakistoscope,  780. 
Pliases,  displacement  of,  814. 
Phenol,  282,  404. 
Phenylsulplionic  acid,  404. 
Phlebograni,  142. 
Phloro-glucin-vanilin,  243. 
Phonation,  513. 
Phonograph,  815. 
Phonometry,  179. 
Phosphenes,  763. 
Phosphoric  acid,  406. 
Photo-h.Tmatachometer,  133. 
Photophobia,  603. 
Photopsia,  587. 
Phrenograph,  169, 
Phrenology,  682. 
Phylogeny,  896. 
Physostigmin,  761. 
Phytalbumose,  377. 
Phytomycetes,  417. 
Pia  mater,  626. 
Picric  acid  test,  410. 
Picro-saccharimeter,  415. 
Pigment  cells,  452. 
Pineal  eye,  722. 

,,    gland,  722. 
Pitch,  811. 
Pituitaiy  body,  712. 
Placenta,  874. 
Placental  bruit,  141. 
Plantar  reflex,  642. 
Plants,  characters  of,  xlii. 

,,     digestion  by,  289. 

,,     electrical    currents  in, 
565. 

Plasma  cells,  726. 

„     of  blood,  29,  37. 

,,     of  invertebrates,  38. 

,,     of  lymph,  307. 

,,     of  milk,  345. 

,,     of  muscle,  462. 
Plasmine,  33. 
Plethora,  47. 
Plethysmography,  144. 
Pleura,  163. 

Pleuro-peritoneal  cavity,  868. 
Pleximeter,  177. 
Pneumatic  cabinet,  112. 
Pneumatogram,  170. 
Pneiimatometer,  182. 
Pneumograph,  86,  169. 
Pneumonia  after  section  of  vagi, 
611. 

Pneumothorax,  166. 
Poikilothermal  animals,  318. 
Poiseuille's  space,  137. 
Poisons,  heart,  85. 
Polar  globules,  861. 
Polarisation,  galvanic,  545. 

,,         internal,  548. 
Polarising  after-currents,  562. 
Politzer's  ear-bag,  806. 
PolyKmia,  46. 

„       apocoptica,  46. 
aipio-sa,  47. 


Polyajmia  hyperalbuminosa,  47. 
,,      polycythwmica,  47. 
,,       serosa,  47. 
Polyopia  monocularis,  758. 
Pons  Varolii,  719. 
Porret's  phenomenon,  548. 
Portal  canals,  259. 
,,     circidation,  50, 
,,     system,  development  of, 
885. 

,,     vein  in  liver,  259. 
Positive  accommodation,  749. 

after-images,  779. 
Potash  salts,  373. 
Potassium  sulijhocyanide,  216, 

405. 
Potatoes,  351. 
Presbyopia,  754. 
Pressor  fibres,  674. 
Pressure,  arterial,  122. 

,,      atmospheric,  203. 
,,  intra-labyrinthine, 
810. 
of  blood,  119. 
, ,      phosphenes,  763. 
,,      points,  830,  833. 
,,      respiratory,  181. 
,,       sense  of,  833. 
Presystolic  sound,  74. 
Prickle  cells,  438._ 
Primitive  anus,  871. 

aorta,  869. 
„       chorion,  863,  873. 
,,       circulation,  870. 
,,       groove,  863. 
,,       kidneys,  888. 
,,       mouth,  871. 
,,       streak,  863. 
Primordial  cranium,  87S. 

,,       ova,  850. 
Principal  focus,  743. 
ProctodaBum,  865. 
Proglottis,  843. 

Progressive  muscidar  atrophy, 
504. 

Pronejihros,  889. 
Pronucleus,  male,  861. 

female,  861. 
Propepsin,  244. 
Propeptone,  247. 
Protagon,  380. 
Proteids,  374. 

,,      coagulated,  377. 

,,      gastric    digestion  of, 
247. 

,,      fermentation  of,  281. 

;,       metabolism  of,  362. 

,,      pancreatic  digestion 
of,  255. 

,,      reactions  of,  375. 

,,      vegetable,  377. 
Proteolytic  ferments,  379. 
Proteoses,  248. 
Protista?,  xxxv,  xliv. 
Proto-albiimose,  248. 
Protovertebrre,  868. 
Pseudo-hypertrophic  paralysis, 
504. 

Pseudo-motor  action,  601,  603. 
Pseudoscope,  791. 
Pseudo-stomata,  162. 
Psychical  activities,  681. 
„       blindness,  702. 
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Psychical  <leafness,  703. 

,,       processes,  time  of ,  684. 
Psycho-iiliysical  law,  731. 
Ptomaines,  249. 
Ptosis,  588. 
Ptyalin,  21?._ 
Ptyalism,  "215. 
Puberty,  853. 

Pulmonary  artery,  pressxire  in, 
130. 

,,  vessels,  162. 
I'ulmonary  ceilema,  182. 
Pulp  of  tooth,  225. 

,,   of  spleen,  148. 
Pulse,  97. 
,,     anacrotic,  109. 
„      capillary,  118. 

catacrotic,  102. 
,,     characters  of,  102. 

conditions  affecting,  107. 
,,     curve,  101. 
,,     dicrotic,  106. 
,     entoptical,  115. 

hyperdicrotic,  106. 
,,     in  animals,  l07. 
,,     in  jugular  vein,  142, 
,,     in  liver,  143. 
„     influence  of  pressure  on, 
112. 

,,     influence  of  respiration 
on,  110. 

„     instruments  for  investi- 
gating, 97. 
,,     monocrotic,  106. 

of  various  arteries,  lOS. 
,,     paradoxical,  112. 
,,     pathological,  115. 
,     rate,  107, 127. 
,,     recurrent,  110. 

tracing,  102. 
,,     trigeminal,  108. 
,,     variations  in,  108. 
,,     venous,  142. 
,,     wave,  113. 
Pulses,  351. 
Pulsus  alternans,  108. 
,,      bigeminus,  108. 
,,      caprizans,  106. 
,,      dicrotus.  106. 
,,      intercurrens,  108. 
,,      myurus,  108. 
Pumping  mechanisms,  310. 
Pupil,  752. 

,,     action  of  poisons  on,  760. 
,,     Argyll  Robertson,  660. 
, ,     functions  of,  758. 
,,     movements  of,  759. 
,,     photometer,  761. 
,,     size  of,  761. 
Pupilometer,  761. 
Purgatives,  239. 
Purkinje,  cells  of,  723. 

fibres  of,  55,  460. 
figure,  762. 
,,       Sanson's  images,  751. 
Piis-coriiuscles,  139. 
Putrefaction,  pancreatic,  255. 
Putrefactive  processes,  283. 
Pyloric  glands,  241. 

changes  in,  244. 
„  fistula,  245. 

Pyramidal  cells,  687. 
,,       tracts,  633. 


Pyramidal  tracts,  degenerat  on 

of,  708. 
Pyrokatechin,  382,  405. 
Pyuria,  416. 

UiinlKy  of  a  note,  811,  813. 
Quantity  of  blood,  45. 

,,       of  food,  357. 

,,       of  gases,  188. 

Kales,  dry,  180. 

,,     moist,  ISO. 
Rami  conimunicantes,  620. 
Range  of  accommodation,  756. 
Ranvier's  nodes,  528. 
Raynaud's  disease,  583, 
Reaction  impulse,  63. 
Reaction  of  degeneration,  578. 
Reaction  time,  573,  685. 
Recoil  wave,  103. 
Rectum,  238. 
Recurrent  pulse,  110. 

,,       sensibility,  617. 
Red-blindness,  778. 
Reduced  eye  of  Listing,  747. 
Reducing  agents,  43. 
Reductions  in  intestine,  283. 
Reflex  acts,  examples  of,  636. 

,,     inhibition  of,  639. 

,,     law  of,  637. 

,,     movements,  636. 
Reflex  movements,  theory  of, 
641. 

,,      nerves,  583. 

,,      organic,  643. 

,,      spasms,  636. 

,,      tactile,  647. 

,,      time,  639. 

,,      tonus,  645. 
Reflexes,  crossed,  638. 
,,       deep,  642. 
,,       spinal,  635. 
,,       organic,  643, 
Refracted  ray,  744. 
Refractive  indices,  744. 
Regeneration  of  tissues,  369. 

,,         of  nerve,  540. 
Regio  olfactoria,  821. 

,,     respiratoria,  821. 
Regnault's  apparatus,  184. 
Reissner's  membrane,  808. 
Relative   proportions  of  diet, 

357. 

Remak's  ganglion,  77. 
Renal  plexus,  427. 
Rennet,  251,  346. 
Reproduction,  forms  of,  841. 
Requisites  in  a  i>roper  diet,  357. 
Reserve  air,  166. 
Residual  air,  166. 
Resistance,  89. 
Resonance  organs,  510. 
Resonants,  522. 
Resonators,  817. 
Resorcin,  404. 
Respiration,  159. 

,,         amphoric,  180. 

,,         artificial,  198. 
Biot's,  172. 

,,         bronchial,  180. 

,,         centre  for,  661. 

,,         chemistry  of,  183. 
cog-wheel,  180. 


Respiration,  cutaneous,  193. 
first,  666. 
„         forced,  172. 
,,         foreign  gases,  199. 
,,         in  a  closed  space, 
196. 

,,         in  animals,  168. 

,,         internal,  194. 

,,         mechanism  of,  165. 

muscles  of,  172. 
,,         nasal,  182. 
,,  number  of,  167. 

,,         pathological.  171. 
,,  periodic,  172. 

,,  pressure  during, 

181. 

,.         pressure  on  heart, 
86. 

,,         sounds  of,  179. 
,,         time  of,  168. 

type,  170. 
,,         variations  of,  167, 
,,         vesicular,  179. 
Respiratorj'  apparatus,  159. 

,,        Andral  and  Gavar- 

ret,  184. 
,,        centre,  661. 
,,         mechanism  of,  165. 
,,        v.  Pettenkofer,  185. 
„        quotient,  186. 
,,        Regnault  and  Rei- 

set,  185. 
,,         Scharling,  185. 
,,         undulations,  124. 
Restiform  bodies,  655. 
Rete  mirabile,  51. 
Retina,  737. 

,,      activity  in  vision,  768. 
,,      blood-vessels  of,  739. 
,,      capillaries,  movements 

in,  763. 
,,      chemistry  of,  740. 
,,      epithelium  of,  737. 
,,      rods  and  cones  of,  738. 
769. 

,,      stiimilation  of,  779. 
, ,      structure  of,  737. 
,,      visual  purple  of,  739. 
Retinal  image,  formation,  of 
747. 

,,       size  of,  748. 
Retiaioscopy,  767. 
Reversion,  896. 
Rheocord,  542. 
Rheometer,  132. 
Rheophores,  575. 
Rheoscopic  limb,  556. 
Rheostat,  543. 
Rheotom,  560. 
Rhinoscopy,  517. 
Rhodophane,  740. 
Rhodopsin,  739. 
Ribs,  174. 
Ricket's,  503. 
Rigor  mortis,  466. 
Ritter's  opening  tetanus,  567. 

,,      tetanus,  567. 
Ritter-Valli  law,  541. 
Rods  and  cones,  738. 
Rods  of  Corti,  809. 
Rosenthal's  modification,  472. 
Rotatory  disc  for  colours,  774, 
Rudimentary  organs,  896. 
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Rumination,  288. 
Running,  505. 

8ai(>chnroiiiycctes,  354. 

Saccharose,  383. 

Saccule,  808. 

Saftcanalclien,  302. 

Saline  cathartics,  239. 

Saliva,  action  of  nerves  on,  212, 

,,     action  of  poisons  on,  213, 

,,     action  on  starch,  218. 

,,     chorda,  212. 

,,     composition  of,  217. 

,,     facial,  212. 

,,     functions  of,  21-6. 

,,     mixed,  217. 

„      new-born  child,  218. 

,,      paralytic  secretion,  214, 

„      parotid,  216. 

,,     pathological,  285. 

,,     ptyalin,  216,  219. 

reflex  secretion  of,  214. 

,,      sublingual,  217. 

.,      submaxillary,  216. 

,,     sympathetic,  212. 

, ,     theory  of  secretion,  216. 
Salivary  cori)uscles,  217. 
Salivary  glands,  207. 

„       changes  in,  209. 

, ,       development  of,  886. 
extiri^ation  of,  215. 

,,       nerves  of,  211. 
Salts,  373. 

Sanson-Purkinje's  images,  751. 
Saponification,  2.56. 
Sarcina  ventricidi,  287. 
Sarcoglia,  459. 
Sarcolactic  acid,  463, 
Sarcolemma,  455. 
Sarcolytes,  640. 
SarcoiJasts,  640. 
Sarcous  elements,  455. 
Sai-kin,  401. 
Sarkosin,  385. 
Saviotti's  canals,  253. 
Scheiner's  experiment,  753. 
Schiff's  test,  400. 
Schizomycetes,  49,  279. 
Schmidt's  researches,  34. 
Sclireger's  lines,  225. 
Schwann's  sheath,  528. 
Sclerotic,  735. 
Scoliosis,  503. 
Scotoma,  772. 
Screw-hinge  joint,  499. 
Scrotum,  formation  of,  890. 
Scurvy,  48. 
Scyllit,  384. 
Sebaceous  glands,  442. 

„       secretion,  444. 
Seborrhea,  449. 
Secondary  circulation,  870. 

„        contraction,  558. 

,,        decompositions,  545. 

,,        degeneration,  633. 

„        tetanus,  559. 
Secretion  currents,  561. 
Secretory  nerves,  581. 
Sectional  area,  134. 
Segmentation  sphere,  862. 
Self -stimulation  of  muscle,  556. 
Semen,  composition  of,  846. 
ejaculation  of,  859. 


Semen,  reception  of,  859. 
Semicircular  canals,  604,  808. 
Sensation,  731. 
Sense  organs,  731. 

,,     development  of,  892. 
Sensory  areas,  701. 

,,     crossway,  654,  718. 
,,     paths,  644. 
„     sensations,  830. 
Serin,  385. 
Serous  cavities,  303. 
Serum  of  blood,  30. 
Serum-albumin,  37,  376. 
Senun-globulin,  37,  376. 
Setschenow's  centres,  639. 
Sex,  diiference  of,  890. 
Shadows,  lens,  762. 

,,      coloured,  782. 
Sharpey's  fibres,  882. 
Short-sightedness,  754. 
Shunt,  548. 
Sialogogues,  215. 
Sighing,  183. 
Silver  lines,  94. 
Simple  colours,  778. 
Simultaneous  contrast,  780. 
Sinuses,  95. 
Sitting,  505. 
Size,  372. 

„  estimation  of,  791. 

,,  increase  in,  372. 

,,  false  estimate  of,  793. 
Skatol,  255,  282,  405. 
Skin,  absorption  by,  449. 

,,    chorium  of,  437. 

,,    currents  of,  557. 

,,    epidermis,  437. 

,,    functions  of,  444. 

,,    galvanic    conduction  of, 
449. 

,,  glands  of,  442. 
,,    historical,  450. 

pigjnents,  446. 
,,    protective  covering,  443. 
,,    respiratory    organ,  193, 
444. 

,,    structure  of,  437. 
,,    varnishing  the,  444. 
Skin  cuiTents,  561. 
Sleep,  685. 
Small  intestine,  290. 

absorption  by, 
297! 

,,  structure  of, 

290. 

Smegma,  445. 
Smell,  .sense  of,  821. 
Sneezing,  183. 
Snellen's  types,  754. 
Sniffing.  822. 
Snoring,  183. 
Sodic  chloride,  373. 

„    salts,  373. 
Solitary  follicles,  293,  295. 
Somatopleure,  868. 
Somnambulism,  684. 
Sorbin,  384. 
Sound,  798. 

,,     cardiac,  67. 

,,     conduction  to  ear,  798, 
807. 

,,  direction  of,  819. 
,,     distance  of,  819. 


Sound,  perception  of,  819. 

,,     reflection  of,  798. 
Sounds,  cardiac,  71. 

,,      cracked  pot,  180. 

,,      respiratory,  179. 

,,      tj'mpauitic,  179. 

,,      vesicular,  179. 
Spasm  centre,  680. 
Spasmus  nictitans,  603. 
Specific  energy,  731,  773. 
Spectacles,  756. 
Spectra,  absorption,  21. 

,,      flame,  21. 

,,      ocular,  764. 
Spectroscope,  21. 
Spectrum  mucro-lacrimale,  762. 
of  bile,  269. 
,,       of  blood,  22. 
,,       of  muscle,  460. 
Speech,  519. 

,,      centre  for,  710. 

,,      pathological  variations, 
522. 

Spermatin,  846. 
Spermatozoa,  846. 
Spermatoblasts,  847. 
Sjiheno-palatine  ganglion,  595. 
Spherical  aberration,  757. 
Sphincters,  502. 
Sphincter  ani,  233. 

,,       pupilliB,  736. 
,,       urethrse,  433. 
Sphygmogram,  102. 
Sphyginograph,  97. 

Dudgeon's,  99. 
Ludwig's,  99. 
Marey's,  98. 
Sphygmometer,  97. 
Sphygmomanometer,  122. 
Sphygmoscope,  101. 
Sphygmotonometer,  97. 
Spina  bifida,  727,  870. 
Spinal  accessory  nerve,  614. 
Siiinal  cord,  626. 

„     action    of    blood  and 

, ,        poisons  on,  646. 

,,    blood-vessels  of,  632. 

,,     centres,  643. 

,,     conducting  paths  in,  633. 

,,     conducting    system  of, 
633,  646. 

,,     degeneration  of,  636. 

,,     development  of,  892. 

,,     excitability  of,  645. 

,,     Flechsig's  systems,  633. 

„     functions  of,  632. 

,,    ganglion,  616. 

„     Gerlach's  theory,  629. 

,,     nerves,  615. 

,,     neuroglia  of,  631. 

,,     nutritive  centres  in,  635. 

„     reflexes,  63i). 

,,    regeneration  of,  681. 

,,     secondary  degeneration 
of,  636. 

,,     segment  of,  635. 

,,     structure  of,  626. 

„     time  of  development,  635. 

,,    transverse    section  of, 
648. 

,,     unilateral  section  of,  649. 
,,     vaso-motor    centres  in, 
676. 
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Spinal  cord,  "Woroschiloff's  ob- 
servations, 627. 
.Spinal  nerves,  615. 

,,     anterior  roots  of,  619. 
,,     posterior  roots  of,  620. 
Spiral  joints,  499. 


Sp 

Splanclniic  nerve,  238. 
Splanchnopleure,  868. 
SiJecn,  148. 

action  of  drugs  on,  153. 
,,     chemical  composition, 
150. 

,,     contraction  of,  151. 
,,     extii'pation  of,  150. 
,,     functions  of,  150. 
,,      influence  of  nerves  on, 
152. 

,,     oncograph,  151. 
,,     regeneration  of,  150. 
,,     structure,  148. 
,,     tumours  of,  153. 
Spongin,  379. 

Spontaneous  generation,  841. 
Spores,  281. 

Spring  kymograph,  121. 
Spring  myograph,  479. 
Springing,  605. 
Sputum,  abnormal,  201. 

,,       normal,  200. 
Squint,  588.  ^ 
Staircase,  485. 
Stammering,  523. 
Standing,  504. 
Stannius's  experiment,  79. 
Staijedius,  804. 
Starch,  383. 
Starvation,  360. 
Stasis,  139. 

Statical  theory  of  Goltz,  604. 
Stationary  vibrations,  799. 
Steapsin,  256. 
Stenopaic  spectacles,  757. 
Stenosis,  70. 

Stenson's  experiment,  468. 
Stercobilin,  269,  284. 
Stercorin,  284. 
Stereoscope,  791. 
Stereoscopic  vision,  789. 
Sternutatories,  183. 
Stethograph,  169. 
Stigmata,  94. 
Stilling,  canal  of,  741. 
Stimuli,  470. 

,,      adequate,  731. 
,,      heterologous,  731. 
,,       homologous,  731. 
,,      muscular,  473. 
Stoffwechsel,  xliv. 
Stomach,  239. 

,,       cancer  of,  286. 

,,       catarrh  of,  286. 

, ,       changes  in  glands,  244. 

,,       gases  in,  252. 

„       glands  of,  241 . 

,,       movements  of,  230. 
structure  of,  239. 
Stomata,  139,  303. 
Stomodaium,  865. 
Storage  albumin,  356. 
Strabismus,  721. 


Strangury,  437. 
Strassburg's  test,  413. 
Stria;  medullares,  717. 
Strobic  discs,  780. 
Stroboscopic  discs.  780. 
Stroma-fibrin  and  plasma- fibrin, 
37. 

Stromuhr,  132. 

Struggle  for  existence,  896. 

Struma,  678. 

Strychnin,  action  of,  637. 
Stuttering,  523. 
Subarachnoid  space,  726. 

fluid,  726, 
Subdural  space,  726. 
Subjective  sensations,  732. 
Sublingual  gland,  214. 
Submaxillary  ganglion,  598. 
,,  atrojnn  on,  213. 

gland,  209. 
,,          saliva,  216. 
Substantia  gelatinosa,  628. 
Successive  beats,  818. 
,,        contrast,  782. 
,,        light-induction,  782. 
Succinic  acid,  405. 
Succus  entericus,  278. 

,,     action  of  drugs  on,  278. 
Suction,  222. 
Sudorifics,  446. 
Sugars,  382. 

,,      estimation  of,  161. 
, ,      tests  for,  220. 
Sulphindigotate  of  soda,  423. 
Summation  of    stimuli,  485, 
637. 

Summational  tones,  819. 
Superfecundation,  860. 
Superficial  reflexes,  641. 
Superfoetation,  860. 
Superior  maxillary  nerve,  594. 
Supplemental  air,  166. 
Supra-renal  capsules,  156. 
Surditas  verbalis,  713. 
Sutures,  499. 
Swallowing  fluids,  668. 
Sweat,  445. 

,,     chemical  composition, 
445. 

,,     conditions  influencing 

secretion,  446. 
,,     excretion  of  substances 

by,  446. 
,,     glands,  443. 

insensible,  445. 
,,     nerves,  447. 
, ,     pathological  variations 
of,  448. 
Sweat  centre,  447,  680. 

,,  spinal,  680. 

Swimming,  509. 
Sympathetic  ganglion,  621. 
„         nerve,  620. 
„         section  of,  623,  675. 
stimulation  of,  624, 
675. 

Symphyses,  499. 
Synchondroses,  499. 
Syncope,  61. 
Synergetic  muscles,  502. 
Synovia,  498. 
Syntonin,  247,  377. 
Systole,  cardiac,  51. 


Tabes,  647. 

Taches  cerebi-ales,  678. 
Tactile  areas,  714. 
,,     corpuscles,  829. 
,,     sensations,  829. 
,,     sensations,  conduction 
of,  646. 
Taenia,  843. 
Tail-fold,  869. 
Talipes  calcaneus,  503. 
,,      equinus,  503. 
,,      varus,  503. 
Tambour,  Marey's,  99. 
Tapetum,  767. 
Tapping  experiment,  668. 
Taste,  centre  for,  704. 
,,     organ  of,  823. 
,,     testing,  826. 
Taste-bulbs,  825. 
Taurin,  385. 
Taurocliolic  acid,  247. 
Tea,  353. 

,,    effects  of,  220, 
Tears,  794. 
Tegmentum,  718. 
Telestereoscope,  791. 
Telolemma,  459. 
Temperature  of  animals.  319. 

accommodation 
for,  334. 
,,         artificial  increase 

of,  336. 
,,         estimation  of,  319. 
,,         febrile,  335. 
,,         how  influenced, 
322. 

,,         lowering  of,  338. 
,,         ])ost-mortem,  337, 
, ,         regulation  of,  328. 
,,         topography  of ,  321. 
,,         variations  of,  325, 
Temperature-sense,  836. 

,,  illusions  of, 

838, 

Tendon,  457. 

, ,      nerves  of,  462,  829. 
,,      reflexes,  642. 
Tensor  choroideje,  750. 

tympani,  803. 
Terminal  arteries,  137. 
Testicle,  descent  of,  889. 
Testis,  844. 
Tetanomotor,  534. 
Tetanus,  485,  486,  536. 

,,       secondary,  539. 
Tetronerythrin,  38. 
Theobromin,  353. 
Thermal  centre,  329. 

, ,       nerves,  329. 
Thermo-electric  methods,  320. 

,,  needles,  321. 

Thermogenesis,  317. 
Thermometer,  319. 

clinical,  319. 
maximal  and 
minimal,  319. 
„  metastatic,  320. 

„  outflow,  320. 

Thermometry,  319. 
Thirst,  356. 
Thiry's  fistula,  277. 
Tliomsen's  disease,  484. 
Thoracometer,  176. 
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Thrombosis,  33. 
Thymus,  153. 

,,       development  of,  880. 
Thyroid,  154. 

„      development  of,  880. 
Tidal  air,  166. 

„    wave,  102. 
Timbre,  519,  521,  811. 
Time  in  psychical  processes,  684. 
Time-sense,  813. 
Tinnitus,  606. 
Tissue-formers,  356. 

,,  metabolism  of, 

367. 

regeneration  of, 
369. 

Tizzoni's  reaction,  264. 
Tobins  tubes,  201. 
Tomes,  fibres  of,  224. 
Tone-inductorium,  487. 
Tones,  814. 

Tongue,  glands  of,  206. 
,,      movements  of,  227. 
,,      nerves  of,  227. 

taste-bulbs  of,  825. 
Tonometer,  82. 
Tonsils,  207. 
Tonus,  644. 
Tooth,  223. 

,,     action  of  drugs  on,  226. 

chemistry  of,  225. 
,,     development  of,  225. 
,,     eruption  of,  226. 
,,     permanent,  226. 

pulp  of,  224. 
,,     structure  of,  223. 
,,      temporary,  226. 
Topogiaphy,  cerebral,  706,  714. 
Toricelli  s  theorem,  89. 
Torpedo,  579. 
Torticollis,  615. 
Touch  corpuscles,  827. 
Touch,  sense  of,  827. 
Trachea,  159. 
Transfusion,  145. 

„         of  blood,  145. 
,,         of  other  fluids,  148. 
Transitional  epithelium,  432._ 
Transplantation  of  tissues,  371. 
Transudations,  313. 
Trapezius,  si^asm  of,  615. 
Traube-Hering  curves,  126. 
Traumatic     degeneration  of 

nerves,  539. 
Trehalose,  383. 
Trichina,  843. 
Trigeminus,  590. 

ganglia  of,  591,  595, 
597,  598. 
,,        inferior  maxillary 

branch,  595. 
,,        neuralgia  of,  598. 
,,        ophthalmic  branch, 
591. 

.,  paralysis  of,  599. 
,,        pathological,  598. 

section  of,  593,  599. 
, ,        superior  maxillary 

branch,  594. 
,,        trophic  functions 
of,  593. 

Triple  phosphate,  408. 
Tiismus,  598. 


Trochlearis,  589. 
Trommer's  test,  221. 
Tropwoliri,  242. 
Trophic  centres,  539. 

,,      fibres,  539. 

nerves,  539,  582. 
Trophoneuroses,  582. 
Trotting,  508. 
Trypsin,  255. 
Trypsinogen,  255. 
Tryptone,  254. 
Tube  casts,  417. 
Tubes,  capillary,  91. 

,,     division  of,  91. 

,,     elastic,  92. 

movements  of  Huiils  in, 
92. 

„     rigid,  92. 
Tumultus  sermonis,  711. 
Tunicin,  384. 
Turacin,  381. 
Tiirck's  method,  641. 
Twins,  860. 
Twitch,  479. 

Tympanic  membrane,  799. 

,,        artificial,  801. 
Tyrosin,  255,  385,  416. 

Ulcer  of  foot,  perfoi-ating,  583. 
Umbilical  arteries,  872. 
,,       cord,  875. 
.,       veins,  872. 
,,       vesicle,  869. 
Unipolar  induction,  550. 

stimulation,  537. 
Upper  tones,  814. 
Urachus,  888. 
Urjemia,  430. 
Urates,  399. 
Urea,  395. 

antecedents  of,  396. 
compounds  of,  397. 
,,    decomposition  of,  395. 
,,    effect  of  exercise  on,  396. 
,j     ferment,  408. 
,,     formation  of,  396,  425. 

nitrate  of,  397. 
,,     occurrence  of,  396. 
,,    oxalate  of,  397. 
, ,     pathological,  396. 
,,     phosphate  of,  397. 
,,     preparation  of,  397. 
,,     i)roperties  of,  395. 
,,    qualitative  estimation  of, 
397. 

,,    quantitative  estimation 

of,  397. 
,,    quantity  of,  395. 

relation  of,  to  muscular 
work,  396. 
Ureameter,  397. 
Ureter,  ligature  of,  424. 
„     pressure  in,  412. 
,,     structure  and  functions 
of,  431. 
Uric  acid,  399. 
„   diathesis,  431. 
,,   formation  of,  426. 
,,   occurrence,  399. 
„   properties  of,  399. 
„   qualitative  estimation,  400. 
quantitative  estimation  of, 
400. 


Uric  acid,  quantity,  399. 
„   solubility,  399. 
,,   tests  for,  400. 
Urinary  bladder,  433. 
calculi,  419. 
,,      closure  of,  433. 
,,      deposits,  416. 

development  of,  873. 
,,      organs,  386. 

pressure  in,  436. 
Urme,  392. 

,,     accumulation  of,  434. 
„     aceton  in,  415. 
„     acid  fermentation,  408. 
,,     acidity,  394. 
,,     albumin  in,  408. 
,,     alkaline  fermentation, 
408. 

,,     alkaloids  in,  431. 

„     amount  of  solids,  393. 

,,     bile  in,  413. 

blood  in,  411. 
,,     calculi,  419. 
,,     changes  of  in  bladder, 
436. 

, ,     characters  of,  392. 

,,     colour,  393. 

,,     colouring  matters  of,  403. 

,,     consistence,  394. 

,,     cystin  in,  416. 

,,     deposits  in,  416. 

,,     dextrin  in,  415. 

effect  of  blood-pressure 

on,  421. 
,,     egg-albumin  in,  411. 
,,     electrical   condition  o 

579. 

,,     excretion  of  pigments  by, 
424. 

,,     fermentations  of,  407. 
,,     ferments  in,  405. 
,,     fluorescence,  393. 
,,     fungi  in,  417. 
,,     gases  in,  407- 
,,     globulin  in,  410. 
,,     hemi-albumose,  411. 
, ,     incontinence  of,  437. 
,,     influence  of  nerves  on, 
427. 

, ,     inorganic  constituents, 
405. 

,,     inosit  in,  415. 

,,     leucin  in,  416. 

,,     milk-sugar  in,  415. 

,,     movement  of,  432. 

,,     mucin  in,  393,  411. 

,,     mucus  in,  393,  411. 

,,     organisms  in,  417. 

,,     passage    of  substances 

into,  426. 
,,     peptone  in,  410. 
,,     phosphoric  acid  in,  406. 
,,     physical  characters  of, 

392. 

,,     pigments  of,  403. 
,,     propeptone  in,  410. 

quantity,  392. 
,,     reaction,  394. 
,,     retention  of,  436. 
„     secretion  of,  420. 
,,     silicic  acid  in,  407. 
,,     sodic  chloride  in,  405. 
,,    solids  of,  393. 
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T  Vine,  specific  gravity,  392. 

spontaneous  clianges  lii, 
407. 

,,     sugar  in,  413. 

, ,     sulphuric  acid  in,  406. 

,,     taste  of,  394. 

test  for  albumin  in,  409. 

,,     tube  casts  in,  417. 

,,     tyrosin  in,  416. 
TTrinometer,  393. 
Urobilin,  26,  403. 
Urochrome,  403. 
Uroerythrin,  403. 
Uro-genital  sinus,  890. 
TJromelaniii,  403. 
Urorubin,  403. 
Urostealith,  419. 
Uterine  milk,  875. 
Uterus,  853. 

„     development  of,  890. 

,,      involution  of,  895. 
nerves  of,  895. 
Utricle^,  808. 
Uvea,  735. 

Vagotomy,  665. 

Vagus,  606. 

,,     cardiac  branches,  611. 
,,     depressor  nerve  of,  124, 
610. 

,,     effect  of  section,  611. 
,,     on  heart,  126. 
,,     x^athological,  613. 
,,     pneumonia  after  section, 
611. 

,,     reflex  effects  of,  613. 
,,     stimulation  of,  127,  668. 
,,     unequal  excitability  of, 
613. 

Valleix's    points  douloureux, 
839. 

Valsalva's  experiment,  88,  111. 
Valve,  illeo-coUc,  233. 

,,  pyloric,  230. 
Valves  of  heart,  54. 

,,     disease  of,  70. 

,,     injury  to,  60. 

„     of  veins,  94. 

,,     sounds  of,  142. 
Valvulaj  conniventes,  290. 
Varicose  fibres,  526. 
Varix,  129. 

Varnishing  the  skin,  339. 

Vas  defei-ens,  845. 

Vasa  vasorum,  95. 

Vascular  system,  development 

of,  882. 
Vaso-dilator  centre,  678. 

,,  nerves,  678. 
Vaso-formative  cells,  11. 
Vaso-motor  centre,  672. 

,,         destruction  of,  673. 
,,        nerves,  672. 
,,        spinal,  676. 
Vaso-motor  nerves,  course  of, 
673. 

Vater's  corpuscles,  828. 
Vegetable  albumin,  377. 
„        casein,  377. 
foods,  350. 


Vegetable,  preserved,  352. 

,,        proteids,  377. 
Veins,  94. 

,,     cardinal,  884. 
,,     development  of,  884. 
,,     movement  of  blood  in, 
139. 

,,     murmtu's  in,  141. 
,,     pressure  in,  128. 

pulse  in,  142. 
,,     sti-ucture  of,  94. 
,,     tonus  of,  673. 
,,     valves  in,  94,  140. 
,,     valvular  sounds  in,  142. 
,,     varicose,  129. 
,,     velocity  of  blood  in,  139. 
Vella's  fistula,  277. 
Velocity  of  blood-stream,  90. 
Venous  blood,  45. 
Ventilation,  200. 
Ventricles,  53,  66. 

,,        aspiration  of,  58. 
,,        brain,  726. 
,,        capacity  of,  118, 135. 
,,        fibres  of,  53. 
,,        impulse  of,  62. 
„        negative  pressure  in, 
59. 

,,       systole  of,  59,  66. 
Veratrin,  483. 
Vemix  caseosa,  445. 
Vertebra?,  mobility  of,  504. 
Vertebral  column,  870. 
Vertigo,  605. 
Vestibular  sacs,  808. 
Vibrations  of  body,  116. 
Vibratives,  522. 
Vibrio,  49. 

Villus,  intestinal,  291. 

,,      absoriJtion  by,  800. 

,,     chorionic,  873. 

,,      contractility  of,  292. 

,,      jilacental,  874. 
Violet-blindness,  778. 
Visceral  arches,  871. 

,,      clefts,  871. 
Vision,  binocular,  787. 

,,     stereoscopic,  789. 
Visual  angle,  748. 

,,     apparatus,  731. 

,,     centre,  702,  713. 

,,     purple,  739,  773. 
Vital  capacity,  166. 
Vitellin,  376. 
Vitelline  duct,  869. 
Vitreous  humour,  740. 
Vocal  cords,  509. 

, ,    conditions  influencing  the, 
518. 
Voice,  509. 

,,    falsetto,  518.  i 

,,    in  animals,  523. 

,,     pathological  variations 
of,  522. 

„     physics  of,  510. 

„    pitch  of,  510. 

,,     production  of,  519. 

,,     range  of,  419. 
Volume  pulse,  145. 
Volumetric  method,  398. 


Vomiting,  231. 

centre  for,  232,  660. 
Vowels,  520. 

,,      analysis  of,  520,  814. 
,,      artificial,  815. 
„      formation  of,  520. 
„      Koenig's  aj^paratus  for, 
817. 

Wagiier'is  corpuscles,  827. 

Waking,  685. 
AValking,  505. 

Wallerian  law  of  degeneration, 
538. 

Wandering  cells,  303. 
Warm-blooded  animals,  318. 
Washed  blood-clot,  33. 
Water,  341,  373. 

,,     absorbed  by  skin,  449. 

,,     absorption  of,  297. 

,,     exhaled  by   skin,  194, 
425. 

,,     exhaled  from  lungs,  188. 

,,     hardness  of,  342. 
impurities,  342. 

,,     in  urine,  392. 

,,     vapour  of,  in  air,  187. 
Wave-pulse,  102. 

,,     propagation  of,  111. 
Wave-motion,  92. 
Wave-movements,  798. 
Waves,  in  elastic  tubes,  113. 
Weber's  paradox,  493. 

„      law,  732. 
Weigert's  method,  529. 
Weight,  372. 
Weyl's  test,  401. 
Wharton's  jelly,  875. 
Whispering,  519. 
White  of  egg,  375. 
Wine,  354. 
AVolffian  bodies,  888. 

ducts,  888. 
Word-blindness,  711. 
Word-deafness,  704,  711. 
Work,  489. 

,,     unit  of,  xxxviii. 

Xnntliin,  401. 

Xanthokyanopy,  778. 
Xanthophane,  740. 
Xanthoproteic  reaction,  375 
Xerosis,  594. 

Yawning,  183. 

Yeast,  380. 
Yelk,  852. 

,,    cleavage  of,  862. 

,,    sac,  869. 
Yellow-spot,  764. 
Young- Helmholtz  theory,  776. 

Zi'ro«tenii>eratnrc,  836. 
Zimmermann,  piirticles  of,  17. 
Zinn,  zonule  of,  740. 
Zoetrope,  780. 
ZoUner's  lines,  793. 
Zona  pellucida,  849. 
Zoogloea,  280. 
Zymogen,  255. 
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